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Abstract: A decomposition of output growth rates of Middle Eastern and North
African countries shows that the contributions of human capital-augmented
labor and physical capital to output growth are comparably small and stable
over time and that in most countries a considerable share of output growth is
attributed to growth in total factor productivity. This paper empirically assesses
the determinants of total factor productivity in the Middle East and North Africa
region between 1980 and 2009. The findings suggest that human capital is not
only an input factor of production but also a quantity that changes the efficiency
by which existing input factors are used. Domestic innovations appear to be
efficient only if a certain level of educational attainment is reached by a country.
In addition, human capital contributes to the ability of efficient adoption of
technology from abroad and allows a faster catch-up with technological leaders.
Globalization, in combination with a (comparably low) threshold endowment of
human capital, is estimated to increase total factor productivity in Middle
Eastern and North African countries.

Keywords: total factor productivity, technological progress, human capital,
technology adoption, Middle East and North Africa

1 Introduction

The results of a growth accounting exercise for the Middle East and North Africa
(MENA) region show limited and rather stable contributions of physical capital
and human capital-augmented labor to output growth between 1980 and 2009.
In most countries of the region, a considerable share of output growth is
attributed to growth in the Solow residual, or total factor productivity (TFP).
Often referred to as productivity or technological progress, this residual remains
unexplained in the accounting exercise and summarizes influential factors
of output growth that cannot be accounted for by physical or human capital
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or labor. In order to understand the drivers of output growth rates, it is neces-
sary to learn about factors that contribute to a more productive usage of inputs.
This work is an attempt to empirically assess the determinants of technological
progress in the countries of the MENA region.

There is a large literature that estimates the determinants of output growth,
assuming implicitly that the variables used in the empirical setting are input
factors of production. As pointed out by Miller and Upadhyay (2000) or
Danquah, Moral-Benito, and Ouattara (2014), it is likely, however, that some of
these variables change the way in which input factors are used, and thus their
impact on output growth is only an indirect one, working via the channel of
productivity. Estimating the determinants of TFP therefore constitutes an impor-
tant addition to the classical empirical work on economic growth.

Although it is commonly acknowledged that technological progress is crucial
for the economic development of countries, the empirical literature on the deter-
minants of TFP is limited. Some studies assess the relationship between techno-
logical progress and human capital and the openness to trade. Using data on a
cross section of 93 countries, Edwards (1998) links trade policies to long-term TFP
growth and finds that more open countries tend to exhibit higher TFP growth. The
results are robust to various measures of openness to trade and to different
econometric specifications. This analysis is expanded by Miller and Upadhyay
(2000) who add a time dimension to the data and explicitly highlight the role
played by human capital. Their findings confirm the positive relation between
openness and TFP. Human capital formation is found to significantly increase TFP
in middle-income countries, while in low-income countries the impact of human
capital on TFP is linked to that countries degree of openness. Vandenbussche,
Aghion, and Meghir (2006) conclude from both a theoretical analysis and an
empirical application involving 19 OECD economies that in countries which are
relatively close to the technological frontier, high-skilled labor enhances TFP
growth through technological innovations (see also Benhabib and Spiegel 1994).
Research and development (R&D) is another factor that has been shown to
contribute to TFP growth. It does so not only by enhancing a country’s ability
for innovation by adopting new technologies but also to effectively adopt them
from abroad (Griffith, Redding, and Van Reenen 2004; Kneller and Stevens 2006;
Mc Morrow, Röger, and Turrini 2010)). Using econometric techniques designed to
handle model uncertainty and a large array of potential explanatory variables,
Danquah, Moral-Benito, and Ouattara (2014) address the question of the most
relevant driver of TFP and find that besides openness to trade also country-
specific fixed effects importantly shape technological progress.

Although in some empirical applications distinctions have been made with
respect to the income level of countries, heterogeneous effects across countries
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have received little attention. To the best of our knowledge, no empirical study
exists that allows for regional heterogeneities, and for that reason a region-
specific analysis is particularly informative when assessing the drivers of pro-
ductivity growth in the MENA region.

The TFP estimates used in the analysis are based on a standard growth
accounting framework in which growth rates in gross domestic product (GDP)
are decomposed into contributions from observable input factors of production
and a residual term. This approach follows closely previous studies that investi-
gate the components of economic growth (see for example Bosworth and Collins
2003, 2007; Baier, Dwyer, and Tamura 2006). Relying on a Cobb–Douglas pro-
duction function that contains, in addition to physical capital and labor, also
human capital as an input factor of production, the residual growth rate that is
not explained by changes in production factors is used as an estimate of TFP.

In the literature the framework developed by Benhabib and Spiegel (1994) is
commonly used as an underlying model for the specifications estimated in the
empirical part of this paper. Human capital is seen as the main driver for
technological progress, as educational attainment in the labor force promotes
domestic innovations on the one hand, and the adoption of foreign technologies
on the other hand. The empirical results of the application of this model to the
MENA region support these assumptions. The general findings can be summar-
ized as follows. The level of human capital alone does not show significant
impacts on TFP. Only when allowing for a nonlinear relationship of TFP and
educational attainment, we find that after a certain threshold level of education
is reached, TFP significantly increases with improvements in the human capital
stock. Interpreting this result in the spirit of Benhabib and Spiegel (1994) leads
to the conclusion that only for countries with an already high level of human
capital, domestic innovations are efficient and an impact factor for productivity.
Among the countries included in our sample, the United Arab Emirates, Jordan
and Bahrain classify for effective domestic innovation according to our model.1

The Maghreb region shows the lowest average levels of educational attainment
and thus domestic innovations in the region appear not to be important deter-
minants of TFP. Furthermore, we test whether the effect of education depends
on the development level of each country. The results clearly show evidence for
catch-up effects, and countries with low development levels can benefit from
education to a greater extent.

According to the literature, the openness and outward orientation of a
country is an important determinant of TFP (Miller and Upadhyay 2000).

1 Education levels in Egypt and Saudi Arabia are very close to the threshold and both countries
are also among the countries in which domestic innovations could contribute to TFP.
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Including an index of the extent of globalization does not show significant
contributions of that variable. When interacting it with education, it turns out
that after reaching a certain (albeit for the region comparatively low) level of
human capital, higher globalization can lead to increases in TFP.

Finally, we investigate the correlation between political, institutional, busi-
ness environment-related and infrastructure-related variables and TFP growth
rates. Data restrictions make it impossible to include these potentially very
important factors in the regression analysis, but in order to see whether correla-
tions exist simple scatter plots are used. The graphs show that countries char-
acterized by high (post-2000) TFP growth rates are those with a comparatively
high quality of institutions and a relatively stable political environment. In
addition, high TFP growth rates are associated with a favorable business envir-
onment, a large share of technicians and researchers working in research and
development as well as a high-quality infrastructure.

The following section discusses the construction of total factor productivity
based on a decomposition of output growth rates. Section 3 summarizes the
methodological approach and discusses in detail the results of the empirical
estimation. Section 4 relates TFP growth rates to other potential covariates in a
descriptive, non-causal way, and Section 5 concludes.

2 Growth Decomposition

2.1 Methodology

The method of growth accounting is built on Solow (1956), and an aggregate
production function is used to decompose the growth rate of output into its
components: a weighted average of the growth rates of the factor inputs and an
remainder term – the Solow residual, which is commonly referred to as total factor
productivity (TFP) and captures technological progress and other components of
GDP growth that cannot be attributed to labor, human and physical capital.

The starting point is a Cobb–Douglas production function with constant
returns to scale

Yt ¼ AtKα
t ðLtHtÞ1�α ½1�

where Yt is real GDP at time t, At is total factor productivity, Kt is the real capital
stock, Lt is total employment, and Ht is an index of human capital. LtHt is
therefore taking into account the education of the employed labor force, by
weighting employment with a measure of human capital.
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In particular, the skill-adjusted employment variable, LtHt, is generated
using

Ht ¼ exp½fst� ½2�
where f are average returns to education and st are mean years of education of
the working-age population.

The real capital stock Kt is computed by first approximating the initial
capital stock, and second employing the perpetual inventory method. A more
detailed description of the construction of the human as well as physical capital
variable can be found in the Appendix.

Taking the natural logarithm of the production function given in eq. [1]
results in

lnYt ¼ lnAt þ α lnKt þ ð1� αÞ ln ðLtHtÞ ½3�

and differentiating with respect to time t yields

ŷt ¼ ât þ αk̂t þ ð1� αÞð̂lt þ ĥtÞ ½4�

where ŷt, ât, k̂t, l̂t and ĥt denote growth rates of real output, productivity, capital
stock, employment, and the human capital index, respectively. α and ð1� αÞ are
factor shares in total income.2

Given real GDP, the capital stock, the labor force, and the human capital of
an economy, one can determine the contributions of the production factors to
output growth. The remaining Solow residual is generally attributed to the
technology/productivity of a country. Determining the factors that cause TFP
to change over time is the main focus of the following analysis.

2.2 Data and Results

The main data source for the growth decomposition is the World Bank’s World
Development Indicator (WDI) database, which provides data on GDP, employ-
ment, and investment. For data on educational attainment, we use the Barro
and Lee (2013) dataset. Table 1 shows the average growth rates of GDP, physical
capital and human capital-augmented employment as well as average growth
rates of TFP for the 12 MENA countries under consideration. Tables 1–3 in the

2 For the core analysis, a capital share in income (α) of 0.35 is assumed. As a robustness check,
the capital share is estimated econometrically. No significant deviation from the assumed 0.35
is found. Please refer to Section 3.3 for details.
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Appendix illustrate yearly contributions of factor inputs and TFP to GDP growth.
The decomposition shows that as the contributions of factor inputs were rela-
tively stable over time, the considerable fluctuations of GDP growth rates are
mainly attributed to TFP.

Table 1: Average growth rates of GDP, physical capital, human capital, and TFP.

Country Decade ŷ k̂ l̂þĥ â

GCC
Kuwait – . . . –.
Kuwait – . . . .
Kuwait – . . . .
Bahrain – . . . –.
Bahrain – . . . .
Bahrain – . . . .
Saudi Arabia – –. . . –.
Saudi Arabia – . . . .
Saudi Arabia – . . . –.
UAE – . . . .
UAE – . . . –.

Mashreq
Egypt – . . . .
Egypt – . . . .
Egypt – . . . .
Jordan – . . . –.
Jordan – . . . –.
Jordan – . . . .
Syria – . . . –.
Syria – . . . .
Syria – . . . .
Yemen – . . . .
Yemen – . . . –.
Djibouti – –. –. . –.
Djibouti – . . . –.

Maghreb
Tunisia – . . . –.
Tunisia – . . . .
Tunisia – . . . .
Morocco – . . . .
Morocco – . . . –.
Morocco – . . . .
Algeria – . . . –.
Algeria – . . . –.
Algeria – . . . .
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This result holds for Gulf Cooperation Council (GCC) countries, as well as for
Mashreq and Maghreb countries. Physical and human capital and employment
appear to have limited power in explaining output growth, and the better part of
variation in output growth remains unexplained and is summarized in the
residual TFP. In order to shed light on the determinants of TFP, a panel regres-
sion framework is employed that links the countries’ ability to adopt technology
from abroad, their potential for domestic innovation as well as their openness to
changes in TFP.

3 Determinants of Technological Progress

3.1 Theoretical Background and Econometric Specifications

As specified in eq. [1], a country’s output growth depends on the growth rates of
physical capital, human capital, and the labor force. After accounting for these
inputs of production, the remaining residual (Solow residual, TFP)

At ¼ Yt

Kα
t ðLtHtÞ1�α ½5�

can be (partially) attributed to the level of technology of the country. The growth
decomposition shows that in the MENA region this residual accounts for a
considerable part of GDP growth rates (Table 1 and Figures 1–3), and changes
in the growth rate of output are mainly attributed to the growth rate of TFP. In
the following, we introduce the setting for estimating the determinants of TFP in
order to find sources for its volatility and further explain what output growth
depends on the MENA region.

Human capital is assumed to be one of the most important drivers for
technological progress. Mankiw, Romer, and Weil (1992) augment the standard
Solow model and include human capital as an additional input factor in the
production function. They show that a larger share of the variation in output can
be explained by accounting for human capital as an input factor of production.
We adapt this methodology and include human capital in the production func-
tion using a specification suggested by Hall and Jones (1999). Equation [5] shows
that human capital is included in the growth decomposition framework as an
input factor. Accounting for human capital as a production factor, however,
does not imply that human capital is not a driver of productivity at the same
time. The well-known contribution from Benhabib and Spiegel (1994) provides a
theoretical background for this reasoning. They argue that the level of human
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capital increases the ability of a country to develop technologies domestically
and, based on Nelson and Phelps (1966), to adopt new technologies from
abroad. Furthermore, they state that the technology growth rate of a country
depends on the gap between the technological leader and the country’s level of
development. The following equation shows this relationship.

lnAit � lnAi;t�1 ¼ gðHitÞ þ cðHitÞ maxAt � Ait

Ait

� �
½6�

where Ait is TFP in country i in year t, and gð�Þ and cð�Þ are two functions with
@g
@H � 0 and @c

@H � 0. The first term on the right-hand side in eq. [6] measures the
extent to which human capital enhances TFP growth via domestic innovations,
and the second term captures the catch-up effect with the leading country.

In order to test in a regression framework whether these effects apply to the
MENA countries, we estimate the following relationship

lnAit ¼ αþ β1 lnAi;t�1 þ β2 ln
Yi;t�1

Ni;t�1
þ β3Hi;t�1

þβ4 Hi;t�1
Yi;t�1

Ni;t�1

� �
þ Xi;t�1γþ μi þ νt þ "it

½7�

where μi and νt are country and year specific fixed effects, respectively, Yi;t�1

Ni;t�1
is

lagged GDP per capita, and Xi;t�1 an additional set of lagged control variables
that vary by specification. In order to reduce possible problems stemming from
endogeneity, all explanatory variables enter in lags.3 The coefficient of the
human capital term, β3, is expected to be positive whenever the level of
human capital in a country enables it to produce domestic innovations that
boost productivity. The interaction term of human capital and the level of initial
development, approximated by GDP per capita, allows for a nonlinear effect of
human capital on productivity. The sign of β4 is expected to be negative,
assuming that countries with initially low levels of development gain more
from increases in the human capital stock.

The choice of additional control variables X is based on the findings of
previous studies. Miller and Upadhyay (2000) study the effect of openness and
trade orientation on TFP and find that openness increases TFP, if however, trade
affects deviations from purchasing power parity the effect on TFP is negative.
We use an index of globalization to proxy the outward orientation of a country
and interact this variable with a country’s human capital. This specification

3 A further discussion of sources of endogeneity, in particular regarding the education variable,
is provided in the last paragraph of Section 3.3.
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allows to determine whether globalization increases TFP, conditional on a
certain (threshold) endowment of skills/knowledge in an economy.

Danquah, Moral-Benito, and Ouattara (2014) apply a purely data-related
approach to estimate the determinants of TFP. Similarly to growth regressions,
a number of models can be applied when trying to assess the question of what
drives TFP, and the “true” model is a-priori unknown. Different theoretical
models suggest different variables to be included in the regression, and it is
hardly possible to test for the validity of all the models in one estimation. For
this reason, the authors apply the framework of Bayesian Averaging of Classical
Estimates (BACE) to gain information about the main determinants of TFP. In the
BACE approach, all possible models are estimated to obtain a distribution of the
parameters. The effect on TFP attributed to a variable is then a weighted average
of the effects that variable has in each single model. The results from Danquah,
Moral-Benito, and Ouattara (2014) provide valuable insights, as they highlight
the importance of controlling for country-fixed effects that capture country
characteristics which do not change over time. Examples for such constant
characteristics of a country are geographical or climactic factors, or cultural
and institutional environments to the extent that they are persistent. Their
findings further accentuate the importance of controlling for the openness of a
country and the lagged level of GDP per capita.

3.2 Data

The dependent variable, the logarithm of TFP, is based on the growth decom-
position discussed in Section 2.2 and in the Appendix. Data on GDP per capita is
taken from the World Bank’s World Development Indicators. The share of
individuals with secondary and tertiary education in the total working-age
population (age group 15–64) is obtained from the Barro and Lee (2013) dataset
on educational attainment. The IIASA-VID dataset (Lutz et al. 2007) would be
preferable, but the coverage of the MENA countries is slightly better in the Barro
and Lee (2013) dataset. To measure the dimension of globalization we use the
KOF Index of Globalization (Dreher 2006) obtained from the Quality of
Governance dataset (Teorell et al. 2011). This index accounts for the three
main dimensions of globalization: (i) economic globalization, measured by
flows of capital, goods, and services, (ii) political globalization, characterized
by the diffusion of government policies and (iii) social globalization, that cap-
tures the spread of ideas, information, images, and people (Dreher 2006). Table
4 in the Appendix provides the means and standard deviations of the explained
and the explanatory variables by country.
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The various variables describing the business environment of the countries
used in Section 4 are taken from the World Development Indicator database, so
are the research and development-related variables and the measures that are
used as proxies for infrastructure. The Corruption Perception Index
(Transparency International) as well as the indices for regulatory quality, poli-
tical stability and government effectiveness (Kaufmann, Kraay, and Mastruzzi
2009) are taken from the Quality of Governance dataset (Teorell et al. 2011).

The core econometric analysis relies on data for 11 MENA countries,4 and
covers the period between 1980 and 2009. Several gaps in the data cause the
panel to be unbalanced. For Kuwait, data is missing during 1990 and 1994 as
well as from 2008 onwards, and due to missing data on gross fixed capital
formation, the United Arab Emirates and Yemen are not included before the
early 1990s. The specifications that involve the KOF Index of Globalization are
restricted to the period 1980–2006. In spite of the gaps, an appropriate number
of countries representing the Maghreb, Mashreq, and GCC regions in combina-
tion with a sufficient length of the time series allow a robust empirical analysis
of the drivers of TFP in the region.

3.3 Results

The results of the estimation of different model specifications are displayed in
Table 2. All estimations control for country-specific fixed effects and include a
full set of time dummy variables. Column (1) shows that the log of TFP is
strongly persistent and thus the inclusion of a lag of the dependent variable
as a regressor is required. The specification in Column (2) tests for the effect of
income convergence in TFP dynamics by including the level of income per
capita as an explanatory variable.

The stationarity of TFP indicates that TFP converges within countries,5 but
the level of income per capita does not appear to be a significant driver of
productivity growth in the sample.

In Column (3) human capital is introduced as a potential driver for TFP.
Human capital does not have a significant impact on TFP, a result that suggests
that domestic innovations are not the driving force of productivity when the
whole MENA region is considered. Benhabib and Spiegel (1994) find similar

4 Algeria, Bahrain, Egypt, Jordan, Kuwait, Morocco, Saudi Arabia, Syria, Tunisia, UAE and
Yemen are included in the sample.
5 When omitting the fixed effects we find that TFP converges across countries as well. The
results of this regression are not displayed in this Table.
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results for low- and middle-income countries. Only in high-income countries are
domestic innovations found to provide significant contributions to productivity.
They argue that for technologically advanced economies domestic innovation is
more effective than technology adoption from abroad. Likewise, less developed
countries do not have the prerequisites for effective domestic innovation and it
is more efficient for them to adopt existing technologies from abroad. This is
further confirmed in Column (4). Allowing for a nonlinear relationship between
the share of the working-age population with secondary or tertiary education
and TFP shows that only after reaching a certain threshold level of education, its
contribution via domestic innovations turns positive. To compute this threshold
value, the estimated equation

lnAit ¼ αþ β0 lnAi;t�1 þ β1 ln
Yi;t�1

Ni;t�1
þ β2Hi;t�1 þ β3H

2
i;t�1 þ μi þ νt þ "it ½8�

is differentiated with respect to H. Setting the first derivative to zero allows
computing the minimum of the quadratic function, H�, i.e. the value of the
education level that is theoretically necessary to effectively develop technologies
leading to productivity gains,

H� ¼ � β2
2β3

: ½9�

This threshold lies at 67% of secondary and tertiary education, on average.
Figure 4 in the Appendix shows the relationship graphically. How this threshold
relates to the countries under consideration is summarized in Table 3. The GCC
countries (in our sample: UAE, Bahrain, Kuwait, and Saudi Arabia) show the
highest average level of educational attainment in the working-age population

Table 3: Share of working-age population with secondary or
tertiary education in 2009.

Relatively low potential
for domestic innovation

Relatively high potential
for domestic innovation

Yemen %
Syria % UAE %
Morocco % Jordan %
Kuwait % Bahrain %
Tunisia %
Algeria %
Egypt %
Saudi Arabia %
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since the 1980s. However, while Bahrain reached the critical level of education
already in the mid-1990s, the UAE did so only during the last few years.
Educational attainment in Kuwait is below the level that is necessary to posi-
tively contribute to productivity through the channel of domestic innovation in
the country. The average educational attainment in the Mashreq region (in our
sample: Egypt, Jordan, Syria and Yemen) since the 1980s is clearly below the
GCC average; however, the sharp increase in educational attainment in Jordan
enables that country to effectively adopt and implement new technologies. Syria
and Yemen both exhibit education levels that do not suffice for a positive
contribution of domestic innovation on TFP. Concerning the Maghreb region,
which is represented by Algeria, Morocco and Tunisia in our sample, our model
predicts that the level of human capital in those countries is not high enough to
effectively innovate domestically.

The specification in Column (5) includes an interaction term of the level of a
country’s development (approximated by GDP per capita) and the human capital
variable. This allows to test whether human capital speeds up technology
adoption (that is, whether countries with relatively low-income levels tend to
benefit more from human capital accumulation in terms of technology adop-
tion). The results show that, holding the level of development constant, coun-
tries with a higher level of education can adopt technology faster and thus are
better able to catch up with leading countries. To put these results differently,
countries with low levels of development can benefit from improvements in
human capital to a larger extent.

Column (6) relates the level of a country’s globalization to its TFP. The
insignificant coefficient of the measure of globalization suggests no relationship
between technology and a country’s TFP growth. When interacting the globaliza-
tion variable with the human capital variable, it turns out that the effect of the
globalization intensity appears to depend positively on the level of human capital
(Column 7). Comparing two countries with the same level of human capital, the
one with the higher index of globalization is able to adopt more technology from
abroad and thus, holding other factors constant, has a higher level of TFP.

Applying the same logic as above when analyzing Column (4), we estimate
that whenever the share of the secondary or tertiary educated working-age
population exceeds approximately 27%, globalization speeds up the process of
technology adoption and thus, increases TFP and finally output growth.
Although the threshold number must be interpreted with care as it changes
when the model specification is changed, the educational attainment necessary
is comparably low and all countries in our sample, with the exception of Yemen,
have the required level of human capital to benefit from globalization (see
Table 3 for an overview of the educational attainment of the MENA countries).
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3.3.1 Robustness

Two forms of robustness checks are performed to validate the results. First, an
alternative measure for TFP is used as a dependent variable. Instead of assum-
ing a capital share in income, α, of 0.35, the capital and (human capital-
augmented) labor shares are determined econometrically by estimating a
Cobb–Douglas production function under the constraint of constant returns to
scale (see eq.[3]) using a panel fixed effects estimator. The resulting capital share
in income amounts to 0.332, as compared to the assumed value of 0.35.6 When
TFP is calculated based on estimated capital and labor shares, the results of the
econometric analysis do not change qualitatively.7 A second concern is endo-
geneity. As a general attempt to reduce possible endogeneity issues, all expla-
natory variables enter the estimations in the form of lagged values. This
procedure might not be sufficient, in particular when the endogeneity of the
education variable is concerned. The nature of the education variable reduces
the risk of biased coefficients due to simultaneous causality problems, as
instead of current enrollment rates, which are likely to be influenced by changes
in productivity via (public or private) investment in education, the educational
attainment of the labor force is used. Ruling out migration, the educational
attainment of the labor force has been determined in the past and is unlikely to
be driven by current technological change.8 Selective migration, however, could
be influenced by changes in TFP and at the same time alter the educational
attainment of the labor force. In order to find evidence for biased results
stemming for an omission of migration from the empirical analysis, the main
results are replicated using migration rates as an additional explanatory vari-
able.9 While in some specifications the net migration rates are linked to produc-
tivity in a statistically significant way, neither of the results related to the impact
of human capital shows a qualitative change. It is important to note that net
migration rates are imperfect proxies of education-specific migration rates, and

6 Not imposing the constraint of the capital share plus the labor share being equal to 1 results in
an estimated capital share of 0.325 and a human capital-augmented labor share of 0.721. The null
hypothesis of these two coefficients adding up to one cannot be rejected (p-values of 0.456).
7 See Edwards (1998) or Miller and Upadhyay (2000) for similar approaches of estimating TFP.
8 At the same time, this variable is a more appropriate approximation of the human capital
stock in a country than current enrollment rates.
9 As time series on immigration rates of high-skilled individuals are not available for MENA
countries, net migration obtained from the World Development Indicators are used instead. The
data is available for all relevant countries for every fifth year and interpolations of the time
series, normalized by the size of the population, are used in the regressions.
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this robustness check does not prove that endogeneity is nonexistent. Merely, no
evidence for biased coefficient estimates is found.10

4 Correlates of TFP Growth in the Last Decade

There are several additional factors that are likely to affect a country’s produc-
tivity level. Technological progress may depend on the business environment of
the country (see for example Nicoletti and Scarpetta 2003), its political stability
and the quality of its institutions, or the effort that is undertaken by the
country’s political leadership to enhance technology advancements (see for
example Nehru and Dhareshwar 1994; Edwards 1998). In addition, R&D activ-
ities have repeatedly been shown to boost innovations, and as pointed out by
Griffith, Redding, and Van Reenen (2004), they enhance a country’s ability for
technological catch-up. Mc Morrow, Röger, and Turrini (2010) find similar
results when analyzing the impact of R&D on TFP across industries.

Unfortunately, most of these variables cannot be included in the regression
analysis, as these factors were not measured for most countries of the MENA
region until the early 2000s. In order to get a sense of the correlation of TFP
growth with the above measures, average TFP growth rates in the 2000s are
plotted against mean values of the variables of interest (Figures 5–7 in the
Appendix). Although the econometric analysis in the previous section explains
the logarithm of the level of TFP, TFP growth rates are the preferable measure in
this setting as they are comparable across countries. Unlike in the regression
framework where control variables, in particular the lag of the logarithm of TFP
and country-fixed effects, allow an analysis of the effect of changes in the
covariates on TFP within countries, thereby establishing comparability, the
simplistic scatter plots shown here do not allow for covariates. Thus, the
measure of TFP itself is required to be comparable across countries, and a
natural candidate is the annual growth rate of TFP.

4.1 Business Environment and Infrastructure

The business environment is of particular interest when explaining productivity
and technological progress of a country. In the last years, great efforts have been
made to quantify business environment-related factors in a way that allows
comparison across countries. However, the number of observations is not large

10 The results of the robustness checks are not included in this paper but available upon request.
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enough to estimate the impact on TFP in an econometric model and thus we
cannot establish causal relationships. Simple scatter plots that show the correla-
tion between the (post-2000 country means of) TFP growth and the cost of, and
the time needed for, starting a new business, and furthermore the World Bank’s
logistics performance index and the country’s road density are displayed in
Figure 5 in the Appendix. Countries in which starting a business is relatively
cheap and not very time-intensive tend to exhibit higher growth rates of TFP,
whereas countries such as Yemen and Djibouti, where business start-ups are
both expensive and time-intensive, are associated with lower growth rates of
TFP.11 The logistics performance index used in the analysis evaluates the trade
and transport-related infrastructure (e.g. ports, railroads, roads, information
technology). Low values of this index indicate a poor infrastructure, high values
a good one. The correlation with TFP growth is slightly positive, although not as
strong as for the variables measuring the ease of starting a business. The lower
right graph displays a plot of TFP growth against the mean of the road densities
and shows a highly positive relationship.

4.2 Political Stability and Institutions

Figure 6 displays scatter plots and linear trends that relate TFP growth to
political and institutional quality indices, all obtained from the Quality of
Governance Dataset (Teorell et al. 2011). The upper-left figure shows the positive
relationship of TFP growth and the corruption perception index from
Transparency International that assigns higher values to countries in which
the perceived extent of corruption is low. The three remaining figures relate
institutional characteristics measured by a selection of the World Bank
Governance Indicators (Kaufmann, Kraay, and Mastruzzi 2009) to changes in
TFP. The scatter plots show that less corruption, better regulatory quality, a
higher degree of government effectiveness and a stable political environment are
associated with higher growth rates of TFP. As argued by Edwards (1998), better
institutions and a sound political environment encourage innovations and pro-
mote productive activities.

Further investigation of the scatter plots reveals that the indices themselves
are highly positively correlated and countries with high levels of perceived
corruption are those exhibiting low regulatory quality, low government

11 As this result does not originate in a causal analysis, it cannot be ruled out that parts of the
strong positive correlations observed are driven by third factors that have a positive impact on
both TFP growth rates and the business environment, such as political stability, good govern-
ance, or a high quality of institutions.
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effectiveness and only limited political stability. Examples are Yemen or Algeria,
countries that are placed in the lower left part in each of the graphs, or Bahrain,
on the other hand, that is placed in the upper right corner of each graph where
data is available.

4.3 Research and Development

The last set of graphs, Figure 7, links TFP growth to the share of researchers and
technicians working in research and development as well as to the research and
development expenditures (as % of GDP). The relationship between the former
two is slightly positive, but mainly driven by the country of Jordan, that has a
particularly high share of researchers and technicians. When it comes to
research and development expenditures, Morocco and Tunisia invest the highest
share of their GDP in R&D, but they do not reach the TFP growth rates obtained
by Kuwait or Jordan.

5 Conclusions

Motivated by the findings of a growth decomposition that showed large con-
tributions of TFP growth rates to GDP growth, this piece of research is an effort
to estimate the determinants of total factor productivity in the MENA region.
Following Benhabib and Spiegel (1994), it is assumed that productivity in a
country can be improved either by innovations achieved domestically or by the
adoption of foreign technologies. Whereas both require a certain stock of knowl-
edge, the level of human capital needed for technology adoption is lower than
for domestic innovations. In the MENA region, a comparably high level of
human capital, approximated by the share of people with secondary and tertiary
education in the total working-age population, is estimated to be necessary for
effective domestic innovations of technology. Bahrain, Jordan, the Emirates and
potentially also Saudi Arabia and Egypt appear to possess the stock of human
capital required for domestically driven technology improvements. Educational
attainment in Yemen, Syria and Morocco, on the other hand, is far below the
estimated threshold.

The speed at which countries catch up with the technological leader also
depends on each country’s level of human capital. The results suggest that
holding the level of development constant, countries with a larger stock of
human capital converge faster to the technological leader. Increases in the level
of human capital in the MENA region thus appear to cause higher TFP, either via
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the channel of domestic innovation or via that of technology adoption.
Furthermore, the level of globalization of a country is found to be an important
contributor to TFP. As soon as a certain (relatively low) level of knowledge is
reached, increases in the extent of globalization positively contribute to TFP.

The relationship of TFP growth rates and the business environment, political
stability, institutional quality, and the efforts made to strengthen the research
and development sector is assessed by simple scatter plots. Although no con-
clusions can be drawn about the causal nature of these relationships, the
findings suggest that in general, high TFP growth rates are associated with a
favorable business environment, stable political conditions, high institutional
quality, and appropriate infrastructure.

Appendix

A Growth Accounting: Data Sources and
Construction of Variables

Due to limited data availability for the countries of interest, some variables used
in the growth-accounting exercise have to be approximated or interpolated. In
the following, we describe in detail the source of the data, how the different
variables have been constructed, and what assumptions are made in the con-
struction process.

We use GDP in constant LCU, obtained from the WDI database. No further
modifications are made. Growth rates are computed by taking first differences of
the logarithmic values.

The capital stock is constructed by approximating an initial value of the
capital stock,12 K0, and applying the perpetual inventory method for the follow-
ing periods. In more detail, the following steps were undertaken:
1. Initial capital stock13 is approximated by K0 ¼ I0

δ , where Io is the first available
data point of Gross Capital Formation (constant LCU) and δ denotes the depre-
ciation rate. Gross Capital Formation is obtained from the WDI database and a
depreciation rate of δ ¼ 5% is assumed for all countries.

12 As for most of the countries under consideration, we do not have data on gross capital
formation before the 1990s. Setting the initial capital stock to zero, would result in a large
upward bias of capital growth rates.
13 The capital stock in t ¼ 0 can be seen as an accumulation of past depreciated investments.
Therefore, K0 ¼ PS

s¼0ð1� δÞI0�s. For large S this becomes approximately K0 ¼ 1
δ I0.
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2. Perpetual Inventory: The real capital stock in time t is defined as the
depreciated capital stock of time (t–1) plus the real investments made in
time t: Kt ¼ ð1� δÞKt�1 þ It

Total employment (ages 15 and above) is approximated by the labor force
retrieved from the WDI database.

Finally, we use the Barro and Lee (2013) dataset for data on educational attain-
ment. They provide mean years of education for every 5th year. In order to get yearly
data, we interpolate the missing values using the following approximation

st ¼ st�1
sv
su

� � 1
v�u

½10�

where s are mean years of schooling, subscripts u and v denote two consecutive
available values for educational attainment and subscript t the year to be
interpolated.

The human capital index Ht is the exponential function of average years of
education multiplied by average returns to education, f

Ht ¼ exp½fst� ½11�
Skills-adjusted labor is then simply computed by weighting total employment
with the human capital index.
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B Nonlinear Relationship between TFP and
Education
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C TFP Growth and Business Environment,
Institutions and R&D
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growth.
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Figure 7: Correlation of R&D-related variables with the post-2000 mean of TFP growth.
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Figure 6: Correlation of political and institutional indices with the post-2000mean of TFP growth.
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