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Abstract

This study analyses the effects of financial openness on productive effi-
ciency and technology catch-up in four countries in the Mediterranean Basin
(Algeria, Egypt, Morocco, and Tunisia) as compared to the situation about
the same in a group of developed countries (France, Germany, Japan, and the
UK) over the 1985-2005 period. The two regions are abbreviated AEMT and
FGJU respectively. Using the stochastic production frontier method with
variable inefficiency (Battese and Coelli 1995) and the metafrontier technique
(Battese et al. 2004), we show, with the exception of Tunisia, that the
productive efficiency of the countries under consideration has continuously
declined. We also identify an ever-widening technology gap for the AEMT
countries caused by among other things, a slowdown in the opening-up of
their financial systems from the second half of the 1990s.

Keywords: Financial openness, technology catch-up, productive effi-
ciency.

1. Introduction

Over the last two decades, Algeria, Egypt, Morocco, and Tunisia
(AEMT) have striven to make their financial systems more open. However,
the degree of this openness has remained modest when measured by the
financial openness index2 proposed by Epaulard and Pommeret (2005).
Figure 1 shows that the financial openness of the AEMT countries declined
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2. There are two approaches for measuring financial openness. The first, de jure, approach takes into
account the degree of openness of the capital account and restrictions on the free movement of capital.
The second, de facto, approach measures financial openness in terms of real financial transactions with
the rest of the world, in a similar way to how trade openness is measured in terms of the ratio of trade



over the 1996-2005 period compared to the 1985-1995 period. In contrast,
the financial openness of France, Germany, Japan, and the UK (FGJU coun-
tries) increased markedly between the two periods.

Figure 2 shows that the slowdown in the financial opening of the AEMT
countries was principally due to the decline in the debt/GDP ratio and, to a
lesser extent, a decline in the FDI/GDP ratio. Therefore, it is interesting to
use a unified framework to analyse the impact of two opposite effects on total
factor productivity (TFP) trends. First is the positive effect of a reduction in
external debt on TFP (Patillo et al. 2004). Second is the negative effect of the
decline in foreign direct investment on productive efficiency (Mastromarco
2008) and technological progress (Agénor, 2003), which are the two compo-
nents of TFP (Grosskopf 1993).

The aim of this paper is, therefore, to analyse the impact of financial
openness on productive efficiency and technology catch-up in the AEMT
countries. More specifically, it will answer the following two questions: Did
the slowdown in the financial opening of the AEMT countries reduce their
productive efficiency ? Did it widen the technology gap between AEMT and
developed countries ?

In theory, financial openness can affect total factor productivity through
a number of channels. First, if financial openness promotes the modernisa-
tion of the banking system, it could lead to more efficient financing for
investment opportunities and a reduction in the financial constraints placed
on innovative businesses (Caprio and Honohan 1999). This would add
momentum to the technology accumulation process and increase total factor
productivity. Financial opening may also increase TFP through the purchase
of domestic enterprises by foreign ventures, thereby enabling them to benefit
from the transfer of technology and from modern management and gover-
nance methods (Agénor 2003, Borensztein et al. 1998). Finally, financial
opening could lead governments to adopt sound macroeconomic policies as
well as regulatory and institutional reforms that would improve TFP (Kose et
al. 2004).

However, studies show that the empirical evidence on the effects of
financial opening on TFP is mixed. Mastromarco (2008) finds that FDI
improves productive efficiency, which is one of the components of TFP.
Bonfiglioli (2007) finds that financial liberalisation has a positive, direct
effect on TFP, and explains that this effect is due to the removal of restric-
tions on international financial transactions, which promotes the financial
services business, considered as a factor of production. By contrast, Lev-

flows to GDP. According to Kose et al. (2006), the latter approach is more suitable for measuring actual
integration into the international capital markets. The authors present the example of China, which has
not been able to limit large-scale inflows of speculative capital, despite its restrictive system of capital
controls. We follow the approach recommended by Kose et al. (2006) and, more specifically, make use
of the index proposed by Epaulard and Pommeret (2005). The latter index is equal to the sum of
financial transactions with the rest of the world (stock of foreign debt, foreign direct investment flows,
portfolio investments, foreign exchange reserves minus gold) divided by GDP.
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chenko et al. (2008) find that the liberalisation of the capital account has no
effect on TFP.

Iyer, Rambaldi, and Tang (2006) are interested in the determinants of
technology catch-up. Their results confirm that the poorest countries can
speed up their technological catch up by seeking out foreign technologies.
This requires opening up to trade and foreign direct investment. The coun-
tries can also speed up technological catch up by investing in national innova-
tion potential and by optimising their capacity for absorbing new technolo-
gies efficiently. Investment in human capital and research and development
(R&D) are key in achieving these. The authors consider that countries with
the widest technological gaps can rapidly catch up, highlighting the positive
effect of FDI inflows, the liberalisation of trade, and the mobility of human
capital on bridging the gap. The calculated elasticities are behind this result.
They will obtain a significant increase in these elasticities, which will imply
potential TFP growth.

2. Analytical Framework

2.1. Productive Efficiency

We use the stochastic production frontier method with variable ineffi-
ciency as proposed by Battese and Coelli (1995). This method is increasingly
used in the literature for analysing productive inefficiency at the macroecono-
mic level (Adkins et al. (2002), Méon and Weill (2005), Mastromarco
(2008)). It consists of using the best practices of the countries under conside-
ration to construct a production frontier that makes it possible to calculate for
a given country at a given date, the potential output for a technology and
given quantities of factors of production. Productive efficiency (technological
efficiency), denoted by uit, is defined as the ratio of actual output to potential
output. If it is equal to one, then country i is making perfect use of its factors
of production at date t relative to other countries. We consider two groups of
countries. The first group (designated by k=1) comprises Algeria, Egypt,
Morocco and Tunisia. The second group (designated by k=2) is made up of
France, Germany, Japan, and the UK. Next, we have to determine the
stochastic production frontier for each group of countries, which are sup-
posed to be endowed with different production technologies. It is assumed
that each country i, belonging to group k=1,2, makes use of its factors of
production (physical capital and labour) depending on the technology speci-
fic to its group.

(1)

In the equation above, Yit is GDP, Kit the stock of physical capital, Lit the
economically active population and Akt the total factor productivity, which is
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expressed in the following form: Exp(dk + skt), where dk is a scaling parameter
and s the rate of Hicks-neutral technical progress. The term Vit is an error
term identically and independently distributed according to the distribution
N(0,r 2

kv). The term Uit is a non-negative error term independent of Vit,
which represents productive inefficiency. It is distributed independently as
the zero-truncated version of the law N(mkit, r2

ku). We attempt to explain the
average as a function of the level of financial openness Finit, the level of
human capital hit, the level of trade openness Comit, and of the degree of
institutional development Insit in the following manner:

mkit = µ0k + µ1kFinit + µ2kInsit + µ3khit + µ4kComit ekit (2)

Equation (1) can be rewritten as a function of logarithmic variables as
follows:

ln Yit = dk + skt + �k ln(Kit) + bk ln(Lit) + Vit – Uit (3)

The productive efficiency of country i, which belongs to group k, can
thus be deduced from equation (1):

uit = Exp(–Uit) (4)

Note that uit e ]0,1], meaning that the more efficient a country is in the
utilisation of its factors of production, the more its effective production
(taking into account random shocks modelled by Vit) approaches its potential
production, which is equal to Akt K �k

it L bk
it .

2.2. Technology Gap

Using productive (technological) efficiency uit, we can analyse the rela-
tive performance of country i at date t in terms of the utilisation of its
factors of production in relation to the technology of its group. When there
is a second group of countries utilising the same factors of production with
another technology as in our case, it becomes interesting to analyse the
impact of adopting the better technology on a given country’s productive
potential. To do this, the technology gap is calculated as the ratio between
the potential production Yit that is achievable by using the technology of the
group to which country i belongs, and the potential production Y*

itin the
hypothetical case where country i has access to the better technology. To
measure the technology gap between the AEMT countries and the develo-
ped countries making up our second group (k=2), we make use of the
metafrontier approach proposed by Battese et al. (2004). The metafrontier
is a frontier that encompasses the stochastic frontiers of the two groups.
That defines the potential production Y *

it of a country i = 1(,...,I = 8) in the
following way:

(5)
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with A*t = Exp(d* + s*t) , where the parameters �* and b* can be obtained by
solving the following linear program (Battese et al. (2004)):

for and t = 1, ...T (6)

The constraints guarantee that the production frontiers of each group are
below the metafrontier. Therefore, the technology gap φit of country i rela-
tive to the metafrontier is given by:

(7)

The productive efficiency u*it of a country i relative to the metafrontier is
also defined as the ratio of actual output to potential output, relative to the
best technology. It is expressed as the product of the productive efficiency
relative to the technology of the group and the technology gap:

u*it = uit φit (8)

Figure 2 illustrates the metafrontier and the frontiers of the two groups of
countries in the case of a single input X.

Thus, it appears that the higher the indicator of productive (technologi-
cal) efficiency uit (close to 1), the closer country i is to the frontier of its
group, meaning that it is more efficient in relation to its technology. Moreo-

Figure 2. Productive Efficiency and the Technology Gap
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ver, a higher value for the technology gap φit brings country i closer to the
metafrontier (at time t), meaning that the country is catching up to the leader
country in terms of technology. It could be catching up because of a higher
rate of technological progress than in the leader country, each country being
endowed with a technology specific to the group to which it belongs. The
catching up could also be due to variation in factor endowments, even if the
rate of technological progress s is the same for both groups. Figure 3 illustra-
tes this possibility using the example of countries j and k, which are both
situated on the production frontier of their group (group 1), but at unequal
distances from the metafrontier. The technology gap of country k is larger
than that of country j because country k’s endowment in input X is higher
than that of country j. In other words, the gap between the technology of
group 1 and the best technology varies as a function of the factor endowment
and the difference in the rates of technological progress. After the series of
technology gaps is obtained, its sensitivity to financial openness, trade open-
ness, the institutional environment and the level of human capital is measu-
red according to the following model:

φit = c0 + c1hit + c2Insit + c3Comit + c4Finit + eit (9)

2.3. Technological Progress

Following Kumar and Russel (2002), technological change is defined in
terms of the shifting of the production frontiers from one period to another.
Therefore, a group of countries will achieve technological catch-up when its
frontier gets closer to the metafrontier. Kumar and Russel (2002) analysed
shifts in the world production frontier for the seven periods between 1965
and 1990, which led them to conclude that technological progress contribu-
ted less than 15 percent to labour productivity growth. In this paper, we
shall divide our period of analysis into two sub-periods, T1 and T2, in order
to analyse the impact of financial openness on technology catch-up. The
level of technology catch-up (or detachment) qit for a country i at a date t in
the second period is defined as the ratio of the technology gap after shifting
the frontier (∼φit) to the technology gap in relation to an unchanged frontier
(φit):

(10)

This approach makes it possible to neutralise the effect of the variation in
factor endowments present in the indicator φit. Where qit > 1 (or qit < 1),
then country i has achieved technological catch-up (or detachment) in rela-
tion to the leader country or group of leader countries endowed with the
superior technology.

Figure 3 illustrates the case of a technological detachment on the part of
country i, which belongs to group 1, during the second period.
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3. Sources of Data and Building of Variables

Our empirical analysis focuses on two groups of countries over the 1985-
2005 period. The first group is made up of the AEMT countries: Algeria,
Egypt, Morocco and Tunisia. The second group is made up of the FGJU
countries: France, Germany, Japan and the UK. We used the World Bank’s
WDI (World Development Indicators) database to obtain data for the varia-
bles – GDP (Yit), economically active population (Lit), and the import and
export data, which allowed us to calculate the openness rate Comit.

In order to build the stock of physical capital Kit, we adopted the inven-
tory method using the initial capital stock in 1985 (obtained using the 1993
Nehru and Dhareshwar database) and the gross fixed capital formation (on
the basis of WDI data), assuming an annual depreciation of six percent. In
order to obtain the level of human capital hit, we followed the approach used
by Bosworth and Collins (2003). It expresses human capital as a function of
the average number of years of schooling sit as follows: hit =(1,07)sit , where sit
is obtained using Barro-Lee (2000). This assumption means that one additio-
nal year of schooling per worker leads to a seven percent improvement in
qualifications. The financial openness indicator Finit used is the one proposed
by Epaulard and Pommeret (2005). It is equal to the sum of a country’s
financial transactions with the rest of the world (FDI, portfolio investments,
foreign debt/claims, foreign currency reserves). Data on financial transactions
are taken from the CFS (Centre for Financial Studies) database (2007).
Finally, the institutional development index Insit is constructed as a geometric
mean of the following indices: Bureaucracy, law and order, corruption, and

Figure 3. Shifting of Frontiers and Technology Catch-Up
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investment profile. These indices were taken from the International Country
Risk (ICR) Guide (2005) database.

4. Outcomes and Interpretations

The stochastic frontier parameters of the two separated and combined
groups were obtained using the FRONTIER 4.1 program (Coelli (1996)). In
order to justify the use of the metafrontier, we have to test the null hypothesis
that the two groups of countries have the same production technologies. If
this hypothesis turns out to be true, then it suffices to use a single stochastic
production frontier for all countries (G1 and G2 combined).

The associated maximum likelihood test is given by k = –2(LnH0

– LnH1), where LnH0 is the log-likelihood of the frontier of the two combi-
ned groups and LNH1 is the sum of the log-likelihood of the frontiers of the
two groups of countries estimated separately. Table 2 presents the parameters
of the estimations and the determinants of productive (technical) efficiency
for the different frontiers. By using the values LnH0 = – 113.55 and LnH1

+ 428.89, the value k = 1084.88 is obtained, which is far greater than 20.52,
the value of chi-two with 5 degrees of freedom and a probability of 0.1
percent. Therefore, we can reject the null hypothesis and the two groups of
countries cannot be combined when estimating their productive efficiency.
We have to construct the metafrontier. This is achieved by a program coded
in Mathematica, which makes it possible to solve the problem of linear
minimisation (6).

Table 2 shows that the metafrontier parameters merge with the produc-
tion frontier parameters of group 2. This result is not surprising, given that
group 2 is made up of four countries, which are technological leaders and
among the most developed countries (France, Germany, Japan, the UK),
while the AEMT countries are recently emerging countries. By using (7) we
get the result that there is no technology gap for the countries in the second
group (φit =1), since they are the technological leaders. Therefore, for
the countries of the second group, it is immaterial whether we speak of
inefficiency with respect to their frontier or with reference to the metafrontier
(uit = u*it). The estimated stochastic production frontier parameters and
the determinants of productive efficiency are presented in Table 1 of the

appendix. We note that the parameter is greater than 0.8 and has

a significance level of one percent, indicating that the terms of technical
inefficiency Uit were appropriately used in specifying the production frontiers
of the two groups of countries.

Figure 4 shows a steady decline in the productive efficiency (uit) in group
1 (AEMT), from 0.45 in 1985 to 0.26 in 2005. By contrast, the productive
efficiency in group 2 (FGJU) follows an upward trajectory from 0.52 in 1985
to 0.64 in 2005. Moreover, the productive efficiency (u*it) of the AEMT
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countries compared with the metafrontier (the technologies of the developed
countries of group 2) is even lower than that of the developed countries in
group 2. It declines sharply from 0.17 in 1985 to 0.03 in 2005. The principal
causes of this are the combined effect of the drop in productive efficiency and
the widening of the technology gap in favour of developed countries. This is
so because while the value of the indicator φit is equal to 1 for the countries of
group 2, its value fell from 0.36 in 1985 to 0.12 in 2005 for the AEMT
group.

Figure 5 (a,c,d) in the annex presents the trend of productive efficiency
and the technology gap by country. Tunisia appears to stand alone as the only
group 1 country with steadily improving productive efficiency in relation to
the metafrontier, rising from 0.04 in 1985 to 0.07 in 2005. This trend is due
to the significant increase in the country’s productive efficiency in relation to
the frontier of its group, which has more than compensated for the widening
technology gap between this country and the developed countries. Figure 5
(b) also shows that Japan is the most efficient of the group 2 countries, and
that France and the UK are catching up to it.

4.1. Productive Efficiency

The results show that financial openness has a positive and highly signifi-
cant effect on productive efficiency for both the AEMT and FGJU countries.
There is also a positive and highly significant relationship between the quality
of the institutional environment and the productive efficiency for the AEMT
countries. It is clear in the AEMT countries that public spending generates
few positive externalities for private investment due to more cumbersome

Figure 4. Trends of Productive Efficiency and the Technology
Gap by Group
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bureaucracy, high levels of corruption, a less developed business environment
and a large informal sector. For the FGJU countries, the result is consistent
with the criticism lodged by Sapir et al. (2003), which emphasises that
insufficient support from European institutions for establishing an innovative
economy is the principle cause for the low levels of growth in the EU from
the mid-1990s onwards.

The results also demonstrate that the level of human capital does not
affect productive efficiency in the two groups of countries. Does this suggest
that the level of human capital is not an adequate indicator ? Islam (1995),
for example, has already emphasised the point that the average number of
years of schooling is not an indicator of the quality of education.

Finally, we find that trade openness has a major negative impact on the
productive efficiency of the AEMT countries, but has no effect in the FGJU
countries.

4.2. Technology Gap

The technology gap between the AEMT and the FGJU countries has
continued to widen. Figure 5 (c) shows that technological detachment
(shown by the decrease in the indicator φit) is slower for Tunisia in relation
to the other AEMT countries. In order to analyse the factors influencing the
technology gap, we tested the model (8). The results of the estimate (using
Stata), presented in Table 6, demonstrate the existence of specific fixed
effects3. The explanatory power of the model is higher and the model is
globally significant (the probability of the global Fisher statistic has a value
of 0).

After correcting for heteroscedasticity with White’s test, the results
showed a positive and significant link between financial openness and techno-
logy catch-up. Therefore, increased financial openness makes it possible to
reduce the technology gap. The slowdown in foreign direct investment, a
potentially important vehicle for the transfer of technology, could partially
explain the widening technology gap between the AEMT and FGJU coun-
tries. On the other hand, there is no positive and significant relationship
between trade and technology catch-up. This means that no technology
transfer occurred in the AEMT countries via international trade. In theory,
the intensification of trade could improve total factor productivity through
the transfer of technology and/or the utilisation of higher quality interme-
diate goods from trading partners (Rivera-Batiz and Romer (1991), Helpman
and Coe (1995)).

The results also show a negative and very significant relationship between
the level of human capital and the technology gap. In conclusion, an increase
in the level of human capital (achieved by an increase in the average number

3. The Breush and Pagan test (p-value = 0.000) and the Hausman test (p-value = 0.0428) show the
superiority of individual fixed effects specifications.
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of years of schooling) has a negative effect on productive efficiency. However,
it also increases the technology gap (reduces φit). Would this not signify that
the AEMT countries have not found an efficient way to channel their human
resources ? Is this due to a mismatch between the quality/type of education
and private sector needs (Pritchett (1996)) ? The high unemployment rate
among higher education graduates in these countries lends credibility to this
interpretation. We think that it is useful to test the robustness of our result by
using indicators other than those of Barro and Lee (2000), to take into
account education quality.

4.3. Technological Progress
In this section, we shall test the impact of financial openness on technolo-

gical progress, using the approach presented in section 3.3. Figure 1 shows
that there is a trend change in the financial openness index for the two groups
of countries as from 1996. The sub-period T1 is assumed to stretch from
1985 to 1995, while the period T2 extends from 1996 to 2005. Table 3
presents estimates of the parameters of the four production frontiers of the
two groups of countries in relation to the two sub-periods. The calculations
show that the metafrontier corresponding to each sub-period always merges
with the production frontier of the developed countries (group 2).

By calculating the index qit as given by (10), we note that there is an
ever-widening technology gap between the AEMT countries and the develo-
ped countries of group 2. This result confirms the importance of financial
openness in the process of technology catch-up, thereby confirming the pre-
vious econometric results.

5. Conclusion

Using the stochastic production frontier method with variable ineffi-
ciency as proposed by Battese and Coelli (1995) alongside the metafrontier
method (Battess et al. (2004)), this paper shows that the productive efficiency
of the AEMT countries in relation to their technology is high but steadily
declined between 1985 and 2005. When measured against the technology of
developed countries (FGJU), it is even lower and declines over the same
period.

The analysis of the technology gap and of technological progress as
defined by Kumar and Russel (2000) shows that there is ever increasing
technological detachment between the AEMT and FGJU countries. We have
demonstrated that financial openness and the quality of the institutional
environment are major factors in improving productive efficiency.

Therefore, the slowdown in the process of financial opening from the
mid-1990s partially explains the widening of the technology gap. Our analy-
sis also shows that the improvement in the level of human capital in the
AEMT has played an ambiguous role. It has not improved productive effi-
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ciency in relation to existing technology, but, paradoxically, seems to have
acted as a brake on the adoption of new technologies. This raises the question
of the efficacy of the education systems and the channelling of human resour-
ces in the AEMT countries.

References

Adkins, C., R. Moomaw and A. Savvides, (2002). “Institutions, Freedom,
and Technical Efficiency”, Southern Economic Journal, vol. 69(1),
92-108.

French Development Agency (AFD), (2007). “Ouverture euro-
méditerranéenne et Investissements directs étrangers Éléments de débat”,
Euromed Investment Conference La Baule, 27 June 2007, downloadable
at www.afd.fr

Agènor, P.R., (2003). “Benefits and Costs of International Financial Integra-
tion: Theory and Facts”, The World Economy, Blackwell Publishing, vol.
26(8), pages 1089-1118, 08.

Barro R., and J. Lee, (2000). “International Data on Educational Attainment,
Updates and Implications”, Working Paper No. 7911:1-36, (Cambridge,
Massachusetts: National Bureau of Economic Research).

Battese, G. E. and T. J. Coelli, (1995). “A Model for Technical Inefficiency
Effects in a Stochastic Frontier Production Function for Panel Data”,
Empirical Economics, Vol. 20, pp. 325-332.

Battese, G.E., O’Donnell and D.S.P. Rao, (2004). “A Metafrontier Produc-
tion Function for Estimation of Technical Efficiencies and Technology
Gaps for Firms Operating Under Different Technologies”, Journal of
Productivity Analysis, 21: 91--103.

Bekaert, G. H., C. R. Harvey and Lumblad, (2005). “Does Financial Libera-
lisation Spur Growth ?”, Journal of Financial Economics, Elsevier, vol.
77(1), pages 3-55, July.

Bonfiglioli, A., (2007). “Financial Integration, Productivity and Capital
Accumulation”, UFAE and IAE Working Papers 680.07, Unitat de
Fonaments de l’Anàlisi Econòmica (UAB) and Institut d’Anàlisi Econò-
mica (CSIC), revised 19 December.

Borensztein, E., J. De Gregorio and J-W Lee, (1995). “How Does Foreign
Direct Investment Affect Economic Growth ?”, NBER Working Papers
5057.

Bosworth, B. and S. Collins, (2003). “The Empirics of Growth: An Update”,
(unpublished; Brookings Institution).

Caprio, G., Jr. and P. Honohan, (1999). “Beyond Capital Ideals: Restoring
Banking Stability”, Policy Research Working Paper Series 2235, The
World Bank.

CFS (2007), “International Capital Flow Database.”

14 / Proceedings of the African Economic Conference 2008



Chan-Lau, J. A. and Chen (2001), “Crash-Free Sequencing Strategies for
Financial Development and Liberalisation”, IMF Staff Papers, Vol. 48,
No. 1.

Coe, D. T. and E. Helpman, (1995). “International R&D Spillovers”, NBER
Working Papers 4444, National Bureau of Economic Research, Inc.

Coelli, T.J., (1996). “A guide to FRONTIER Version 4.1: A Computer
Program For Stochastic Frontier Production and Cost Function Estima-
tion”, CEPA Working Papers, No. 7/96, Department of Econometrics,
University of New England, Armidale.

Delgado, M., J. Rodriguez and I. A. Ayuso, 2004. “Integration Brings
Convergence ? The Role Of Public and Human Capital”, ERSA confer-
ence papers ersa04 p164, European Regional Science Association.

Edison, Hali J., Ross Levine, Luca Ricci, and Torsten Slok, 2002. “Interna-
tional Financial Integration and Economic Growth”, Journal of Interna-
tional Money and Finance, Elsevier, vol. 21(6), pages 749-776.

Eichengreen, B. and D. Leblang (2003). “Capital Account Liberalisation and
Growth: Was Mr. Mahathir Right ?”, NBER Working Papers 9427,
National Bureau of Economic Research, Inc.

Epaulard, A., and A. Pommeret (2005). “Financial Integration, Growth, and
Volatility”, IMF Working Papers 05/67, International Monetary Fund.

Grosskopf, S. (1993). “Efficiency and Productivity”, in Fried, L. C., H. O.
Schmidt and S. S. Schmidt (eds),
The Measurement of Productive Efficiency. Techniques and Applica-
tions, New York: Oxford University Press.

Henry, P., (2000). “Stock Market Liberalisation, Economic Reform, and
Emerging Market Equity Prices”, Journal of Finance, vol. 55, April.

ICR, (2005). “International Country Risk.”
Islam, N., (1995). “Growth Empirics: A Panel Data Approach”, The Quar-

terly Journal of Economics, MIT Press, vol. 110(4), pages 1127-70,
November.

Iyer, K. G., A. N. Rambaldi and K. K. Tang, (2005). “Measuring Efficiency
Externalities from Trade and Alternative Forms of Foreign Investment”,
CEPA Working Papers Series WP042005, School of Economics, Univer-
sity of Queensland, Australia.

Kraay, A., (1998). “In Search of the Macroeconomic Effects of Capital
Account Liberalisation”, World Bank.

Krugman, P. R., (2000). “Technology, Trade And Factor Prices”, Journal of
International Economics, Elsevier, vol. 50(1), pages 51-71, February.

Kose, M. A., E. Prasad, K. S. Rogoff, and S.-J. Wei (2006), “Financial
Globalisation: A Reappraisal”, NBER Working Papers 12484, National
Bureau of Economic Research.

Kumar, S. and R. R. Russell, (2002). “Technological Change, Technological
Catch-Up, and Capital Deepening: Relative Contributions to Growth
and Convergence.” American Economic Review 92, 527-48.

Chapter 1 - Financial Openness and Technology Catch-up... / 15



Levchenko, A. A., R. Rancière, and T. Mathias (2008), “Growth and Risk at
the Industry Level: the Real Effects of Financial Liberalisation”, CEPR
Discussion Papers 6715, C.E.P.R. Discussion Papers.

Levine, R. (2001), “International Financial Liberalisation and Economic
Growth”, Review of International Economics, Blackwell Publishing, vol.
9(4), pages 688-702, November.

Mastromarco, C. (2008), “Foreign Capital and Efficiency in Developing
Countries”, Bulletin of Economic Research, vol. 60(4), 351-74.

Méon, P.-G., and L. Weill, (2005). “Does Better Governance Foster Effi-
ciency? An Aggregate Frontier Analysis”, Economics of Governance, vol.
6(1), 75-90.

Nehru, V. and A. Dhareshwar (1993). “A New Database on Physical Capital
Stock: Sources, Methodology, and Results.” Revista Analisis de Econo-
mico, Vol. 8, No. 1, pp. 37-59.

Pritchett, L., (1996). “Where Has All The Education Gone?”, Policy
Research Working Paper Series 1581, The World Bank.

Rivera-Batiz, L. A. and P. M. Romer, (1991). “International Trade With
Endogenous Technological Change”, European Economic Review, Else-
vier, vol. 35(4), pages 971-1001, May.

Rodrik, D., (1998). “Who Needs Capital-Account Convertibility?”, Essays in
International Finance, no. 207, Princeton University.

Rogoff, K., M. A. Kose, E. Prasad and S.-J. Wei, (2004). “Effects on Finan-
cial Globalisation on Developing Countries: Some Empirical Evidence”,
IMF Occasional Papers 220, International Monetary Fund.

Stiglitz, J., (2002). “La Grande Désillusion”, Fayard, Paris.
Stulz, R., (1999). “Globalisation of Equity Markets and the Cost of Capital”,

NBER Working Paper, no. 7021.

16 / Proceedings of the African Economic Conference 2008



Annex

Table 1. Descriptive Statistics

Obs Average Standard deviation Minimum Maximum

Group 1
Ln(Y) 84 25.5 1.29 22.9 26.9
Ln(K) 84 27.20 0.60 25.85 28.22
Ln(L) 84 16.09 0.71 14.73 17.16
h 84 1.38 0.07 1.25 1.51
Com 84 0.61 0.18 0.33 0.99
Ins 84 3.21 0.60 2.08 4.27
Fin 84 1.13 0.38 0.40 2.00

Group 2
Ln(Y) 84 29.33 2.60 27.18 33.92
Ln(K) 84 30.54 2.63 27.80 35.03
Ln(L) 84 17.44 0.33 17.00 18.05
h 84 1.84 0.12 1.60 2.02
Com 84 0.44 0.15 0.16 0.76
Ins 84 5.34 0.38 4.18 6.10
Fin 84 2.38 1.70 0.41 7.13

Figure 1. Trend of the Financial Openness Index for the AEMT
and the FGJU countries
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Figure 2. Trend of the Components of the Financial Openness
Index of the AEMT countries
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Table 2. Production Frontier Parametersa

Variable Coef G1 front. G2 front. G1 & G2 front. combined Meta

Constant d – 0.251***
(0.01)

– 0.324***
(0.010)

–0.584**
(0.288)

– 0.324

t s – 0.005
(0.007)

– 0.007***
(0.002)

0.021***
(0.007)

– 0.007

Ln(K) � 0.106***
(0.007)

0.553***
(0.016)

0.753***
(0.021)

0.553

Ln(L) b 0.142***
(0.009)

0.261***
(0.078)

0.740***
(0.101)

0.261

Determinants of productive efficiency

Constant c0 – 0.368***
(0.096)

– 0.121
(0.957)

0.075***
(0.018)

Fin c1 0.127***
(0.026)

0.428***
(0.064)

– 0.232***
(0.688)

Ins c2 0.372***
(0.120)

0.289
(0.193)

0.133***
(0.027)

h c3 0.921
(0.699)

– 0.573
(0.376)

0.021
(0.064)

Com c4 – 0.228***
(0.054)

– 0.141
(0.080)

– 0.864***
(0.200)

r2 0.170***
(0.03)

0.117***
(0.020)

0.048***
(0.006)

c = r2

r2
u + r2

u

0.999***
(0.000)

0.999***
(0.000)

0.819***
(0.096)

Log L – 38.34 15.99 – 113.55
LR 64.53 95.62 70.169

a The values in parenthesis are the standard deviations. ***, **, * represent the respective significance at 1%, 5% and
10%.
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Table 3. Technological Efficiency, Technology Gap
and Technological Progress of Group 1

Year G1 average Algeria Egypt Morocco Tunisia

uit φit uit φit uit φit uit φit uit φit

1985 0.45 0.36 0.20 0.21 0.48 0.51 1.00 0.35 0.11 0.35
1986 0.42 0.33 0.20 0.20 0.40 0.45 0.99 0.33 0.11 0.34
1987 0.39 0.31 0.19 0.20 0.35 0.41 0.88 0.31 0.12 0.33
1988 0.38 0.29 0.19 0.19 0.32 0.37 0.90 0.29 0.12 0.32
1989 0.37 0.28 0.19 0.18 0.30 0.34 0.84 0.27 0.13 0.31
1990 0.36 0.26 0.19 0.17 0.29 0.32 0.80 0.25 0.14 0.30
1991 0.34 0.25 0.18 0.17 0.27 0.30 0.78 0.23 0.15 0.30
1992 0.32 0.24 0.18 0.16 0.26 0.28 0.69 0.22 0.16 0.29
1993 0.31 0.23 0.17 0.15 0.25 0.26 0.63 0.20 0.17 0.28
1994 0.29 0.21 0.17 0.15 0.24 0.25 0.66 0.19 0.17 0.27
1995 0.29 0.20 0.17 0.14 0.23 0.23 0.56 0.18 0.18 0.27
1996 0.28 0.19 0.17 0.14 0.23 0.22 0.59 0.17 0.20 0.26
1997 0.28 0.19 0.16 0.13 0.22 0.20 0.54 0.16 0.21 0.25
1998 0.27 0.18 0.16 0.12 0.20 0.19 0.54 0.14 0.22 0.24
1999 0.26 0.17 0.16 0.12 0.19 0.17 0.49 0.13 0.24 0.24
2000 0.26 0.16 0.15 0.11 0.18 0.16 0.46 0.13 0.25 0.23
2001 0.26 0.15 0.15 0.11 0.17 0.15 0.45 0.12 0.27 0.22
2002 0.26 0.14 0.16 0.10 0.16 0.14 0.43 0.11 0.27 0.22
2003 0.26 0.14 0.16 0.10 0.15 0.13 0.42 0.10 0.30 0.21
2004 0.26 0.13 0.17 0.09 0.15 0.12 0.41 0.09 0.30 0.20
2005 0.26 0.12 0.17 0.09 0.15 0.12 0.39 0.09 0.34 0.20

Table 4. Production Frontier Parameters of the Sub-Periods

Variable Coef G1/T1 front. G1/T2 front. G2/T1 front. G2/T2 front.

Constant d – 0.104***
(0.06)

– 0.278***
(0.010)

– 0.355***
(0.010)

– 0.276***
(0.012)

t s 0. 048
(0.032)

0.057
(0.024)

– 0.015
(0.024)

– 0.009
(0.015)

Ln(K) � 0.254***
(0.087)

0.113***
(0.012)

0.590***
(0.064)

0.648***
(0.019)

Ln(L) b 0.389***
(0.027)

0.140***
(0.023)

0.270***
(0.014)

0.215***
(0.081)
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Table 5. Index of Technological Progress of Group 1

Year G1 average Algeria Egypt Morocco Tunisia

1996 0.10 0.10 0.12 0.10 0.10
1997 0.10 0.10 0.11 0.10 0.10
1998 0.10 0.09 0.11 0.10 0.10
1999 0.10 0.09 0.11 0.09 0.10
2000 0.10 0.09 0.10 0.09 0.10
2001 0.09 0.19 0.10 0.09 0.09
2002 0.09 0.19 0.10 0.09 0.09
2003 0.09 0.18 0.10 0.08 0.09
2004 0.09 0.08 0.09 0.08 0.09
2005 0.08 0.08 0.09 0.08 0.09

Table 6. Technical Efficiency of Group 2

Year G2 average Germany France UK Japan

1985
1986

0.52
0.53

0.23
0.24

0.32
0.33

0.61
0.61

0.92
0.92

1987
1988

0.54
0.56

0.24
0.25

0.35
0.38

0.63
0.65

0.92
0.96

1989
1990

0.56
0.58

0.25
0.26

0.40
0.42

0.64
0.63

0.96
1.00

1991
1992

0.57
0.57

0.27
0.28

0.43
0.44

0.61
0.61

0.99
0.96

1993 0.56 0.27 0.44 0.60 0.93
1994 0.57 0.28 0.45 0.63 0.91
1995 0.57 0.28 0.46 0.65 0.90
1996 0.58 0.29 0.48 0.64 0.92
1997 0.59 0.29 0.49 0.66 0.91
1998 0.60 0.30 0.52 0.67 0.89
1999 0.60 0.31 0.54 0.67 0.86
2000 0.61 0.33 0.56 0.68 0.89
2001 0.62 0.32 0.58 0.70 0.89
2002 0.62 0.33 0.59 0.69 0.90
2003 0.63 0.33 0.59 0.69 0.92
2004 0.65 0.36 0.58 0.64 1.00
2005 0.64 0.35 0.61 0.68 0.94
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Table 7. Results of the estimates of the linear model with fixed effects,
correction of heteroscedasticity, and autocorrelation test on residuals
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Figure 5. Trend of Productive Efficiency and the Technology Gap
by Country
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