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Abstract

Background: A major question that received the attention of numerous theoretical and empirical studies during the past few decades relates to the issue of output growth decomposition and the sources of economic growth. The literature focuses on two sources of growth: factor accumulation (mainly physical capital) and total factor productivity (TFP) growth, presenting inconclusive results as to the relative importance of each.

Aim: This article investigates the relative importance of physical capital accumulation and TFP in explaining output growth in 36 sub-Saharan African (SSA) countries over 1996–2014. The possibility of TFP-induced input effects is tested in order to better assess the role of TFP in total output growth.

Setting: 36 SSA countries over the period 1996–2014.

Method: The article uses a stochastic frontier analysis, an empirical methodology that decomposes total output growth into input growth, technological change and technical efficiency change.

Results: The contribution of physical capital to total growth exceeds that of TFP in 22 out of the 36 countries. The result withstands issues of TFP-induced effects on inputs.

Conclusion: A large share of growth in SSA is explained by factor inputs and not by TFP. There is therefore room for TFP to further increase growth in SSA. In order to create more opportunities for growth, SSA countries ought to invest in productivity-enhancing factors.
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Introduction and context

The channels for improving economic growth have been the focus of economists and other social scientists for several decades as countries experience marked differences in the development of their productive capacities and in the improvement of their standards of living. While some countries achieve rapid income growth and high standards of living, others cannot assure the subsistence needs of the population. The large cross-country disparity in output growth has been the focus of numerous economic studies interested in explaining economic growth, animating the literature on output growth for more than five decades, and leading to different theoretical and empirical results (Caselli 2005; Hall & Jones 1999). This article takes as its object of analysis the decomposition of output growth in sub-Saharan African countries.

Established growth literature attributes output growth to two factors: production inputs and total factor productivity (TFP). While inputs usually refer to physical capital (machinery and equipment) and workers (labour), TFP refers to everything else that affects growth other than physical capital and labour (institutions, policies, technologies, etc.). TFP is at the centre of studies on economic growth and production efficiency. The focus on TFP in many ways goes back to the days of Adam Smith, the founding father of economics, and his theory of specialisation. TFP measures how well inputs are used in production and is a key measure of a country’s comparative advantage. Technological innovation, sound economic policies, and quality institutions are all factors that improve the level of output produced per unit of input, and therefore positively impact productivity. In turn, the level of productivity determines the rate of return on investment, setting the base from which profits and wages originate, leading to growth.

There is general consensus that productivity is a crucial determinant of, among other things, a country’s growth rate, international competitiveness, and the population’s well-being (Easterly & Levine 2001; Klenow & Rodriguez-Clare 1997). Even though TFP has been the focus of government and international organisations around the world, the claim that TFP is the main source of growth does not have unanimous empirical support. Quite the contrary is the case. A close look at country level data reveals that physical capital accumulation explains a large part of growth in most regions of the world. See Table 1.
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Empirically, the first answers to the question of growth components arrive in the late 1950s when the first growth model (Solow 1956) was tested using growth accounting, a method allowing the assessment of the relative contribution of each component (physical capital, labour, and TFP). Early growth accounting results show that physical capital accumulation explains only a small part of total output growth and that the bulk of growth is attributable to TFP. This result was later found to be robust to alternative functional forms for production and different ways of measuring inputs and output (Caselli 2005). Recent growth accounting studies reject the importance of TFP in growth, and conclude that physical and human capital accumulation explains most output growth (Turner, Tamura & Mulholland 2013).

The limitations of growth accounting and the increased availability of panel data sets for developed and developing countries opened the door to models that focus on analysing issues related to efficiency, absorptive capacity, and TFP growth. The debate initiated with the so-called endogenous growth models (Lucas 1988; Romer 1986). These models, which claim that physical and human capital accumulation are important elements of growth, extended to a whole stream of literature comprising various more or less sophisticated techniques and assumptions that assess the relative effect of TFP and technological change in total output growth.

Cross-country regression analysis emerged as an extensively used method in the 1990s soon after the emergence of endogenous growth theory (Benhabib & Spiegel 1997; Coe, Helpman & Hoffmaister 1997; Miller & Upadhyay 2000). The method consists of regressing a measure of output growth against a set of variables believed to explain growth and a residual associated with TFP. It presents several advantages as it permits a large variety of production function specifications as well as different assumptions regarding returns to scale, spillover effects, and technological change. The method proves particularly interesting with panel data, which incorporate country-specific effects. As regards the factors driving output growth, cross-country regression analysis seems to favour capital accumulation over TFP. For example, Mankiw, Romer and Weil (1992) conclude that differences in physical and human capital accumulation explain almost 80% of income differences. The major drawback of cross-country regression analysis, however, is the potential endogeneity in the regressors, viz. that one or more explanatory variables can be correlated with the error term, leading to an inconsistent estimation (León-Gonzalez & Montolio 2015).

The inconclusive results about the drivers of growth led to the adoption of more sophisticated methodologies that decompose output growth, such as stochastic frontier. Frontier methodology allows the decomposition of output growth into input change, efficiency change, and technological change, and helps to pinpoint which component is relatively more important in determining a country’s growth. Early frontier applications to growth confirm that it is capital accumulation rather than TFP that explains the largest share of growth (Koop, Osiewalski & Steel 1999, 2000). Further stochastic frontier studies find similar results (Henderson & Russell 2005; Kumar & Russell 2002; Limam, Miller & Garzarelli 2017; Nissan & Niroomand 2006; Pires & Garcia 2012).

The relative importance of physical capital accumulation and TFP in explaining growth is at the heart of the present article. More precisely, the article applies stochastic frontier to a sample of 36 sub-Saharan African (SSA) countries over the period 1996–2014 in order to decompose output growth. This is in the footsteps of studies that using different methodologies examine the relative contributions of inputs and TFP to output growth in SSA. In a cross-country study composed of nine geographic regions, Baier, Dwyer and Tamura (2006) find that TFP is an unimportant part of average output growth across all countries. In addition, the study reports negative TFP growth in central and southern Africa, the region having the lowest contribution of TFP to output growth per worker. Tahari et al. (2004) applies growth accounting to a set of 43 SSA countries individually and in sub-groups. In all cases, growth is found to be primarily driven by factor accumulation with little (or negative) contribution from TFP. Despite these contributions, cross-country studies on the sources of growth in SSA remain limited and, except for a few, they mainly use the growth accounting method. A major limitation of growth accounting resides in the fact that the method associates the residual with TFP with no distinction between efficiency and technological change. By using stochastic frontier, this article introduces another way of decomposing output growth in SSA while accounting for efficiency as well as technological factors.

The question of growth decomposition is particularly relevant for SSA as the region has registered impressive gross domestic product (GDP) growth rates in the past two decades. However, the GDP growth has not been accompanied by a gain in productivity (Cazzavillan, Donadelli & Persha 2013). Since the mid 1990s, the economic activity in SSA has more than doubled, resulting in an average yearly GDP growth rate of 4.5%, which places SSA on a comparable level to other developing regions. This performance represents an impressive surge in conditions after the catastrophic economic outcome of what is commonly referred to as Africa’s ‘lost decade of the 1980s’, which left millions living in extreme poverty. This U-turn in economic performance was equally shared by both resource-rich and non-resource- rich African countries. Despite this gain in growth, the region is still lagging behind when it comes to TFP, which shrank by an average of 0.8% over the period 1999–2014 compared to a world average TFP growth of 0.4% (The Conference Board Total Economy Database 2015).

The slow growth in productivity is attributable to a number of macroeconomic, institutional and human development factors. Early studies on SSA mention a number of factors related to SSA’s low productivity, ranging from poor social and economic institutions, to ethnic fractionalisation, lack of education and political instability (Easterly & Levine 1997). According to The global competitiveness report 2013–2014 (Schwab 2013), a global database that assesses the competitiveness of more than 130 countries worldwide and provides detailed insights into the drivers of their productivity, the region scores very low in the overall competitiveness indicator (out of 30 SSA countries in the Report, 25 are among the lowest 25%). By taking a closer look at the 12 main pillars that compose the index, one cannot but notice that SSA underperforms in key factors that determine a country’s efficiency and productivity: health, higher education and training, technological readiness, market size, and business sophistication (see Table 2). According to the same database, only four economies – Mauritius, Namibia, Seychelles, and South Africa – appear in the top half of the overall competitiveness ranking.
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A detailed look at output growth decomposition in SSA and the rest of developing countries excluding SSA (distinguishing between fast-growing and slow-growing SSA countries) shows that except in fast-growing resource-rich countries, Africa’s growth appears to be driven by factor accumulation rather than productivity growth. See Figure 1. Identifying the source of growth in SSA is of particular importance for researchers, governments, and national and international development agencies as differences in per capita output have important implications for a host of development indicators, such as income distribution, population happiness, efficient use of available resources, and unemployment.
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Our results suggest that physical capital accumulation overtakes TFP in explaining growth in 22 out of the 36 countries covered by the analysis. We find that TFP-induced input effects are negligible. Thus, our growth decomposition does not seem to be affected by endogenous impacts of TFP on inputs.

Empirical strategy and results

Frontier production functions were first introduced by Farell (1957). Two major approaches have been developed since: deterministic, which mainly consists of data envelopment analysis (Charnes, Cooper & Rhodes 1978), and stochastic, which is largely based on econometric analysis (Aigner, Lovell & Schmidt 1977; Meeusen & Van den Broeck 1977).

Stochastic frontier uses data of the production units of interest (banks, firms, fisheries, regions, etc.) to estimate a best practice production function based on the best performers of the sample. Each production unit can be producing on or below the production function – namely, on or below the frontier, which is also assumed to be stochastic because it is subject to random external shocks (e.g. coups, earthquakes, wars, weather). The distance between the actual output points and the frontier measures technical inefficiency, entailing that technical efficiency represents how well a production unit converts inputs into output. The intuition is that the closer the unit is to the best practice frontier, the relatively more efficient it is. Hence, efficiency and inefficiency measurements are specular, and we can refer alternatively to one or the other according to context.

In essence, a stochastic frontier is an empirically determined economic yardstick for assessing output performance in relation to inputs. Or, to view it differently, frontier benchmarking is about feasibility: efficiency divergences in production units are determined in relation to a yardstick defined by the data and not in ideal terms. In our case, the production units of interest are countries.

Specification

We assume that, within each country, aggregate units of physical capital and labour combine to produce aggregate final output. The frontier production function can be expressed as (Battese & Coelli 1992):
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and
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where Yit equals total output of country i at time t, Xit equals the vector inputs, f(Xit ; b) equals a suitable production function of a vector, Xit, of factor inputs associated with the production of country i at time t, b equals a vector of unknown parameters, ui equals the one-sided error term measuring technical inefficiency of country i, and vit equals a stochastic two-sided error term accounting for statistical error in measurement.

The parameter η equals an unknown scalar representing the rate of change of technical inefficiency over time. vit represents independently and identically distributed random errors, [image: SAJEMS-22-2309-IE1.jpg], and ui represents non-negative random variables that account for the technical inefficiencies of the sample countries. The ui errors are distributed independently of vit, and follow a normal distribution, that is [image: SAJEMS-22-2309-IE2.jpg].

Different assumptions have been used regarding the distribution of the one-sided error term u. While the half normal case assumes that the mean of the one-sided error term follows a normal distribution with zero mean, the truncated normal assumes that the mean is truncated and positive. Below, we test both assumptions.

To assure that most observations fall below the frontier, we assume that ui > 0. The model allows for technical inefficiency, ui, to increase, remain constant, or decrease over time, when, η > 0, η = 0, or η < 0.

The approach uses maximum likelihood estimation (ML) to estimate Equations 1 and 2. Technical efficiency is measured as:
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We assume that a single country produces total output using units of physical capital, labour and human capital according to a simplified translog production function:
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where the subscript it refers to country i at time t; Y, K, L, H and T represent total output, private capital, labour, human capital and a time trend that accounts for the state of technology; u is a non-negative term that accounts for technical inefficiency, and v represents random errors. The interaction terms TlnKit, TlnLit and TlnHit allow possible non-neutral technological change and T2 reflects non-monotonic technological change. The elasticities of output with respect to capital, labour and human capital are easily determined from Equation 4:
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Given the use of a simplified translog technology, these elasticities are time specific.

We estimate Equation 4 using data from the Penn World Table 9.0 (Feenstra, Inklaar & Timmer 2015). More precisely, Y, K, L and H are respectively proxied by the variables rgdpna, kna, emp, and H from the Penn World Table.

Hypotheses testing

Stochastic frontier analysis requires a series of statistical tests. The first concerns the existence of the inefficiency component, uit, and consists of testing whether an OLS rather than a stochastic frontier estimation better represents the data. This hypothesis is tested using the generalised likelihood ratio test:
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where L(H0) and L(H1) are the values of the likelihood function under the null (H0) and alternative (H1) hypotheses. Under the null hypothesis, the test has a χ2 distribution with degrees of freedom equal to the number of restrictions. We test the null hypothesis that the frontier coefficients are jointly insignificant against the alternative hypothesis that at least one of the coefficients is significant. This test means testing γ= μ= 0. Results show that H0 is strongly rejected, which entails that frontier is a better estimation technique than OLS. The second test checks whether a translog production function fits the data better than a Cobb-Douglas one. We test whether we can reject H0: α4 = α5 = α6 = α7 = α8 = 0. Results allow the rejection of the null hypothesis, which indicates that the translog specification is a better fit than the Cobb-Douglas. Finally, we test for the statistical distribution and the time variance of the one-sided error term. Results show that the one-sided error term follows a half normal distribution and that it is time varying. Table 3 summarises the results of the hypothesis tests.
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Empirical results

The groundwork to run the stochastic frontier in the panel of 36 sub-Saharan African countries over 1996–2014 is now laid. Appendix 1 lists the countries.

Table 4 summarises the results on technical efficiency ranking. Results show that the average technical efficiency for all 36 countries is of the order of 0.45, indicating that, on average, countries in the sample register almost half the efficiency of the most efficient country. Technical efficiency scores vary between a minimum of 16.8% and a maximum of 98%. South Africa and Sudan have the highest rank whereas Liberia and Central African Republic are the lowest.
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It is not surprising that South Africa numbers among the most efficient in SSA. South Africa is endowed with the best infrastructure and technology among SSA countries. In addition, South Africa’s relatively more competitive markets, sound financial system, and abundance of mineral resources make it a very attractive destination for foreign direct investment. During the past decade or so, Sudan has seen wide-ranging structural reforms and sound macroeconomic management, reaching 6% economic growth in 2016. This growth has been largely supported by an increase in foreign direct investment by about 40% over the past decade and stronger political stability.

Liberia proving to be the least efficient country comes as no surprise as the country ranks as one of the poorest in the world and its economy is extremely underdeveloped. The country faces numerous economic challenges, including massive international debt, low degree of diversification, poor or nonexistent infrastructure and a low level of human capital. Central African Republic is also one of the poorest countries in the world. A largely rural and destitute population characterises it, with high levels of unemployment and limited infrastructure.

Table 5 reports the coefficients of the estimated frontier. The first nine rows exhibit the coefficients of the estimated frontiers whereas the last three rows report the two inefficiency statistics and the log-likelihood function.
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Notice how the coefficients of the stochastic frontier are consistent with expectations. The coefficients of lnK, lnL and lnH are all positive and significant implying that physical capital, labour and human capital all contribute positively to output growth. The coefficients on T and T2 are not significant however. Only when interacted with lnK does technological change become highly significant, indicating that technology interacts with physical capital to generate output growth – that is, technological change is capital augmenting. Technological change does not significantly interact with labour or human capital. One explanation could be that in this sample of countries the available labour force and the level of human capital do not allow the absorption and adoption of imported technology for the generation of additional output. For example, the level of human capital might not be up to the standard required for technology to affect growth.

Output growth decomposition

Perhaps the most controversial question in mainstream growth theory is whether it is factor accumulation or TFP that contributes to the larger fraction of growth. Solow (1956) argues that it is TFP (determined as a residual component to growth after accounting for factors of production) and not factor accumulation that accounts for the bulk of output growth in the US. Easterly and Levine (2001) also find that the residual accounts for most of the income and growth differences across countries. To evaluate the role of TFP in growth, we calculate the share of TFP growth in total output growth.

Jorgensen and Griliches (1967) calculate the rate of growth of TFP as the difference between the rate of change of real product and the rate of growth of inputs. Applying this definition to our model, the contribution of TFP to growth is obtained as the residual after removing physical and human capital and labour contributions from total growth. Change in TFP is calculated as follows: [image: SAJEMS-22-2309-IE8.jpg], where a dot over a variable indicates the rate of change of the variable over time.

Table 6 decomposes output growth per country. Results show that, on average, physical capital accumulation exceeds TFP growth (out of the 36 countries, only 14 countries register a higher share of TFP in growth). A closer look at single country decomposition indicates that performance is not independent from a country’s achievements in terms of TFP and physical and human capital accumulation. Table 6 shows that Gabon is the country that registered the lowest output growth over the period and it is also the country with the lowest growth of TFP (the contribution of TFP to total growth is negative). At the same time, Sudan is the country that registered the highest growth and it is also the country with the highest accumulation of physical and human capital. We also note that Mauritius, Namibia, and South Africa list among the 10 most efficient countries, a result that accords with The global competitiveness report 2013–2014 (Schwab 2013).
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Klenow and Rodriguez-Clare (1997) argue that one has to be careful when decomposing output growth because decisions to invest in physical and human capital are themselves likely to depend on TFP growth, and that a simple growth decomposition may ignore the portion of growth in inputs induced by productivity growth. One should therefore make sure that there is no endogeneity in the inputs used for production. In case the inputs are endogenous, the TFP-induced increase in inputs should be attributed to TFP growth and not to input growth. Klenow and Rodriguez-Clare (1997) reduce the contribution of capital to output growth by limiting capital’s contribution to variation in the capital-output ratio (which automatically increases the role of TFP). Applying a variance decomposition approach, they find that the share of TFP in total growth in South Korea increases from 18% to 80% after accounting for the endogenous effects. Variance decomposition however requires a growth accounting framework and is not genuinely compatible with our stochastic frontier approach. In order to give a more accurate picture of the role of TFP in our growth decomposition exercise and to detect TFP-induced input effects, we investigate whether there is a possible long-run relationship between the growth of TFP (TFPg) and the growth of both inputs (Kg and Hg).

To the best of our knowledge, the question of a possible TFP-induced input effect (endogeneity) has not been investigated outside of a growth accounting framework. Our article therefore represents a first attempt to investigate such effect in stochastic frontier. In the presence of a TFP-induced effect to either Kgor Hg (or both) the share of TFP growth displayed in Table 6 will be underestimated and will have to be adjusted by the unaccounted effect of TFP on inputs.

One procedure is to estimate two separate ordinary least squares (OLS) regressions where TFPg is the dependent variable and Kg and Hg alternate as explanatory variables. However, this procedure requires that the variables of interest be stationary in level. If the variables are not stationary in level, then the OLS estimation is spurious and the t-statistics not reliable, in which case dynamic OLS (DOLS) or fully modified OLS are more appropriate. We therefore examine the time series properties of TFPg, Kg and Hg. The Levin-Lin-Chu (LLC), Hadri, Fisher, Harris-Tzavalis (HT), and Im-Pesaran-Shin (IPS) unit root tests are performed in level and in first difference for the three variables in order to determine their order of integration. Table 7 summarises the results. LLC is the only test that shows stationarity in level for all three variables while TFPg is the only variable that shows stationarity in level in four out of the five tests. All variables are stationary in first difference. We can consequently generalise these results and conclude that the variables are not stationary in level, but stationary in first difference – or integrated of order one I(1) – which invalidates the OLS procedure.
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The fact that the variables are I (1) means that they can still be related by a stationary linear combination in which case they are said to be cointegrated. We expect Kg and Hg to be strongly cointegrated with TFPg if there is an induced (endogenous) effect from TFP to K and H. The Pedroni cointegration test is performed and results are displayed in Table 8. Results indicate that Kg and Hg are not cointegrated with TFPg This result is further confirmed with a DOLS estimation where the coefficient of long-run relationship is found to be non-significant (see Table 9). Based on the cointegration tests and the DOLS coefficients, we can conclude that the effect of TFP growth on growth of inputs is very minor and that our stochastic frontier results do not seem to be affected by endogeneity.
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Conclusion

This article presents a decomposition of output growth in 36 sub-Saharan countries over the period 1996–2014. The results show that, on average, real GDP growth in the region over the period is driven primarily by physical capital accumulation (in the total 36 countries, only 14 list TFP as the main driver of growth). TFP growth is the second main component, while labour growth and human capital accumulation are the least important factors of growth. This result leads to the following recommendation: for growth in SSA to be sustainable, countries ought to invest in productivity enhancing factors, such as education, health, and technology.
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Appendix 1

Sample of 36 countries:


	Angola

	Benin

	Botswana

	Burkina Faso

	Burundi

	Cameroon

	Central African Republic (CAR)

	Congo

	Cote d’Ivoire

	Democratic Republic of Congo

	Ethiopia

	Gabon

	Gambia

	Ghana

	Kenya

	Lesotho

	Liberia

	Madagascar

	Malawi

	Mali

	Mauritania

	Mauritius

	Mozambique

	Namibia

	Niger

	Nigeria

	Rwanda

	Senegal

	South Africa

	Sudan

	Swaziland

	Tanzania

	Togo

	Uganda

	Zambia

	Zimbabwe
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TABLE 1: Contributions of sources of growth to aggregate GDP growth, major
regions, 1999-2014.

Region Source of growth  1999-2006 2007-2012 2012 2013 2014

World GDP growth 41 33 30 31 32
Labour 07 03 06 05 06
Labour quality 02 01 01 01 o1
Non-IT capital i 17 17 17 20
IT capital 07 07 07 07 06
TFP growth 13 05 01 00 02
Mature  GDPgrowth 27 09 11 14 18
Labour 03 01 04 02 08
Labour uality 02 01 01 01 o1
Non-IT capital 08 05 04 04 06
IT capital 06 04 04 05 05
TFP growth 08 0.0 02 02 02
Emerging  GDP growth 59 58 47 46 43
Labour 11 06 07 07 04
Labour quality 02 01 01 01 o1
Non-IT capital 20 33 33 33 36
IT capital 07 10 09 10 08
TFP growth 19 08 03 05 07
United  GDPgrowth 3.0 08 23 22 24
States Labour 03 03 10 07 11
Labour quality 02 01 01 01 o1
Non-IT capital 07 04 03 03 06
IT capital 07 04 04 05 04
TFP growth 10 02 05 06 01
Japan GDP growth i 02 17 16 00
Labour 04 04 06 00 03
Labour quality 02 01 01 01 o1
Non-IT capital 04 01 00 01 04
IT capital 02 03 04 04 03
TFP growth 07 02 07 10 -2
Euro Area  GDP growth 22 03 08 -05 09
Labour 05 0.2 40 07 05
Labour quality 02 02 02 02 02
Non-IT capital 07 05 02 01 03
IT capital 04 03 04 05 04
TFP growth 04 04 06 -05 -04
China GDP growth 104 96 74 74 71
Labour 03 0.0 02 04 01
Labour quality 02 01 01 01 o1
Non-IT capital 44 58 59 58 62
IT capital 1z 09 09 09 08
TFP growth 44 27 04 01 01
India GDP growth 66 74 47 46 55
Labour 18 01 10 09 09
Labour uality 02 02 02 02 02
Non-IT capital 26 34 29 25 29
IT capital 06 10 14 15 14
TFP growth 13 27 07 05 02
Brazil GDP growth 28 36 10 25 01
Labour 13 09 12 03 01
Labour quality 01 02 02 02 02
Non-IT capital 08 16 19 20 20
IT capital 09 10 00 02 03
TFP growth 04 0.1 2

Source: The Conference Board Total Economy Database™, 2015, Total Economy Database™
~ Key Findings, viewed 06 January 2018 from https://www.conference-board.org/data/
economydatabase/

Note: All growth rates are calculated as log differences. Growth rates for 1999-2006 and
2007-2012 are the averages of yearly growth rates. Regional aggregates are weighted using
shares in nominal PP converted GDP. IT capital refers to information and communication
technology assets and include investment in software, hardware and telecommunications
equipment. Non-IT capital refers to non-residential construction, machinery and transport
equipment.
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TABLE 3: Summary of hypotheses testing.

Null hypothesis LR Critical value Degrees of freedom Decision

SF versus OLS: Hy: y=u=0 1362 9.2 2 Reject
Cobb-Douglas versus translog: Hy;: a, 34.68 13.27 4 Reject

HN versus TN: i = 0 -104.94 66 1 Fail to reject
TV versus Tl: 7 = 0 73.36 6.6 1 Reject

LR, likelihood ratio; SF, stochastic frontier; OLS, ordinary least squares; HN, half normal distribution; TN, truncated normal distribution; TV, time varying;

time invarying.
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TABLE 2: Number of sub-Saharan countries among the lowest 25%.
Index

Number of sub-Saharan countries

Overall index

Sub-Indexes:

A. Basic Requirements

il
2
2
4.

Institutions
Infrastructure
Macroeconomic environment

Health and primary education

B. Efficiency enhancers

-

6.
7.
8.
9.

Higher education
Goods market efficiency
Labour market efficiency
Financial market development

Technological readiness

10. Market size

C. Innovation and sophistication factors

11. Business sophistication

12. Innovation

25

26
12
12
10
27
22
25
15
8
14
22
20
17
17
15

Source: Adapted from Schwab, K., 2013, The global competitiveness report 2013-2014,
viewed 06 January 2018 from https://www.weforum.org/reports/global-competitiveness-
report-2013-2014
Note: Compiled by the authors from the ‘Global Competitiveness Index’ (GCI) of The global
competitiveness report 2013-2014: hittps://www.weforum.org/reports/global-competitiveness-
report-2013-2014. As the GC covers a total 148 countries, the lowest 25 percent is composed of
37 countries overall. So, for example, 25 in the ‘Overall index’ entry means that 25 sub-Saharan
countries are among the 37 lowest. This ‘Overall index’ s further decomposed into ‘Subindexes’
A, B, and C, which are in turn decomposed into ‘Pillars’ 1-12.
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TABLE 5: Frontier results.

Variables Estimate Standard error t-ratio
Panel A: Production function

Intercept 5.304% 0316 17.07
Ink 0.441% 0.032 13.58
It 0.416* 0.035 11.80
InH 0.432++ 0195 221
Tink 0.0069* 00012 5.44
Tint 0,002+ 0.001 16
TinH 0.013+* 0.006 2.14
T -0.078 0.014 -5.57
r 0.0001 0.0001 0.39
Panel B: One-sided error term

LLF 395.67 - -
=0+l 0.660* 0.149 4.42
y=02(c2+02) 0.979* 0.005 199.63
N 0.024* 0.003 9.13

LLF, log-likelihood function.

*, Significant at 1%; **, Significant at 5%; ***, Significant at 10%.

Note: Number of observations: 648.
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TABLE 4: Technical efficiency ranking.

Country Technical efficiency
South Africa 098
Sudan 0.96
Gabon 0.94
Nigeria 0.85
Botswana 063
Namibia 063
Mauritania 062
Angola 062
Mauritius 062
Congo 054
Kenya 051
Swaziland 048
Cameroon 048
Cote d'lvoire 048
Madagascar 045
Mali 043
Senegal 041
Uganda 041
Ghana 040
Burkina Faso 038
Gambia 038
Democratic Republic of Congo 037
Benin 035
Tanzania 034
Rwanda 034
Mozambique 034
Ethiopia 031
Zambia 029
Togo 028
Lesotho 026
Malawi 024
Burundi 0.24
Zimbabwe 022
Niger 021
CAR 0.19
Liberia 0.17
Average 0.45
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TABLE 7: Unit root results.

Method TFPg

Statistic p-value Statistic p-value Statistic p-value
Panel A: LLC test
Level -4.1632* 0.000 1.717%k% 0.0430 -8.5789* 0.000
First difference -9.9197* 0.000 -11.5207* 0.000 -22.4858* 0.000
Panel B: Hadri test
Level 39.3494* 0.000 35.1690* 0.000 25.272* 0.000
First difference 23322 0.9902 -3.0720 0.9989 -4.6531 1.000
Panel C: Fisher test
Level 58.1585 0.8811 65.8412 06818 243.0052* 0.000
First difference 206.6178* 0.000 326.4392* 0.000 472.822* 0.000
Panel D: HT test
Level 0.8449 05411 0.7628* 0.0018 0.3103* 0.000
First difference -0.0460* 0.000 -0.1252* 0.000 -0.4552* 0.000
Panel E: IPS test
Level 0.9605 0.8316 -3.4507* 0.0003
First difference -10.8229* 0.000 -13.8668* 0.000

Note: The null hypothesis is that the variable is stationary for Hadri and that the variable follows a unit root process for LLC, Fisher, HT and IPS.

LLC, Levin-Lin-Chu; HT, Hadri, Fisher, Harris-Tzavalis; IPS, Im-Pesaran-Shin.
* Significant at 1%; **, Significant at 5%; *** Significant at 10%.
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TABLE 6: Output growth decompositis

Country ¥ K L H TFP
Growth % Share in Growth % Share in Growth % Share in Growth % Share in Growth % Share in total
rate total growth rate total growth rate total growth rate total growth rate growth
Angola 5.91 100 2.09 35.40 126 21.27 0.28 4.70 2.28 38.63
Benin 5.12 100 162 3174 127 24.78 0.37 7.26 1.85 36.23
Botswana 6.75 100 3.84 56.89 1.66 24.62 0.36 5.29 0.89 13.20
Burkina Faso 6.50 100 3.29 50.67 1.01 15.56 0.22 3.40 1.97 3037
Burundi 4.90 100 163 3325 128 26.12 0.21 4.37 178 36.26
Cameroon 4.65 100 1.64 35.25 1.46 31.26 0.23 5.00 133 28.48
CAR 3.84 100 0.16 4.08 0.87 2251 0.20 5.29 2.62 68.12
Congo 471 100 2.68 56.81 117 24.75 0.11 2.37 0.76 16.07
Cote d'Ivoire 330 100 0.41 1233 1.01 30.64 0.26 7.85 1.62 49.18
D.R. of Congo 3.55 100 0.74 20.90 126 35.46 0.17 4.86 138 38.78
Ethiopia 7.83 100 3.14 40.09 132 16.82 0.27 3.45 3.10 39.64
Gabon 151 100 1.03 68.11 0.60 40.17 0.48 32.13 -0.61 -40.41
Gambia 5.07 100 2.59 51.15 124 24.38 0.28 5.60 0.96 18.87
Ghana 6.42 100 2.80 4357 139 21.64 0.24 3.71 1.99 31.08
Kenya 5.14 100 2.26 43.88 116 22.64 0.33 6.40 139 27.07
Lesotho 3.85 100 177 45.94 0.29 7.61 0.04 1.06 175 4539
Liberia 5.82 100 141 24.18 161 27.70 0.25 4.24 255 43.89
Madagascar 4.44 100 1.93 4338 131 29.51 0.23 5.28 0.97 21.83
Malawi 4.50 100 0.55 12.28 1.10 24.45 0.33 7.41 2551 55.86
Mali 4.93 100 172 34.81 1.42 28.72 0.19 3.88 161 3259
Mauritania 5.64 100 3.59 63.62 133 23.49 031 43 0.42 7.46
Mauritius 3.55 100 2.43 68.42 0.43 11.99 0.26 7.44 0.43 12.15
Mozambique 8.09 100 4.83 59.67 1.07 13.19 0.12 145 2.08 25.69
Namibia 4.69 100 3.21 68.48 0.86 18.27 0.12 2.49 0.50 10.76
Niger 6.54 100 133 20.42 155 2371 0.14 217 3.51 53.70
Nigeria 5.81 100 2.70 46.41 1.03 17.74 0.51 8.84 157 27.01
Rwanda 6.82 100 3.58 5251 136 19.93 0.42 6.18 1.46 2137
Senegal 5.66 100 2.13 37.64 1.19 20.99 031 5.39 2.04 35.98
South Africa 4.00 100 163 40.62 0.84 20.94 0.45 11.15 1.09 27.29
Sudan 8.98 100 6.37 70.98 121 13.50 0.29 3.26 1.10 12.27
Swaziland 257 100 0.40 15.74 0.89 34.69 0.02 0.61 1.26 48.96
Tanzania 7.30 100 2.77 37.89 127 17.32 0.25 3.45 3.02 4133
Togo 4.55 100 1.41 31.02 129 2834 0.17 3.81 167 36.83
Uganda 8.54 100 4.70 55.03 132 15.43 0.47 5.50 2.05 24.04
Zambia 5.27 100 122 2321 1.08 20.55 0.20 3.75 2.76 52.49
Zimbabwe 4.27 100 0.49 11.47 0.77 18.02 0.37 8.64 2.64 61.87
Average 5.31 100 2.22 41.92 1.14 21.54 0.26 4.96 1.68 31.58
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TABLE 9: Dynamic ordinary least squares results, independent variable TFP .

Dependent variable Statistic p-value
H, -0.0687 0487
K -0.1594 0.705

g
Note: The null hypothesis is that the variables are not significant. The observations are 504.
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TABLE 8: Pedroni cointegration test results.

Test Statistic »
Panel A: Dependent variable H,, Independent variable TFP,

Modified Phillips-Perron 2.3914* 0.0084
Phillips-Perron 0.1251 0.4502
Augmented Dickey-Fuller -0.6531 0.2569
Panel B: Dependent variable K., Independent variable TFP,

Modified Phillips-Perron 1.8673%* 0.0309
Phillips-Perron -0.6002 0.2742
Augmented Dickey-Fuller -0.7848 0.2163

Note: The null hypothesis is that the variables are not cointegrated. The observations are 612.
* Significant at 1%; **, Significant at 5%; *** Significant at 10%.
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Source: The World Bank, 2014, Africa pulse: An analysis of issues shaping Africa’s economic future, vol. 9, a document produced by the office of the chief economist for the Africa region, p. 33,
World Bank, Washington, DC

Note: Slow-growing countries show negative TFP growth, while in fast-growing countries TFP plays a larger role. The data of output per worker, capital stocks, and the number of workers were taken
from Penn World Tables 8.0 (since updated and published in Feenstra, Inklaar & Timmer 2015).

FIGURE 1: Contribution of the capital stock and total factor productivity to output per worker growth, 1995-2011 (median growth rate throughout the period).





