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Abstract

This paper examines the contribution of employment, capital accumulation and total
factor productivity (TFP) to economic growth in African countries over the period
1986-2014. The methodology consists in the estimation of a translog dynamic stochastic
production frontier for a set of 49 African economies, thus allowing for the breakdown of
TFP along efficiency developments and technological progress. Although the heterogeneity
amongst African countries poses a challenge to the estimation of a common production
frontier, this is the best approach to perform cross-country comparisons. The results of our
growth accounting exercise are more accurate for the contribution of input accumulation
and TFP to GDP growth than for the separation between contributions of technological
progress and efficiency. We conclude that economic growth patterns differ across African
countries but they have been almost totally associated to input accumulation, notably
in what concerns capital. The experience of Egypt, Nigeria and South Africa - the three
largest African economies - confirms this pattern.
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1. Introduction

Africa has recorded a very good economic performance since the turn of the
century. The average annual GDP growth rate in African countries reached 5.0
per cent in the period 1999-2014, which contrasts with a rate of 2.9 per cent in
the period 1985-2000. In addition, there was a meaningful progress in a number
of social indicators (Zedillo et al. (2015)).

These positive developments have gained attention from the recent
economic development literature (e.g., Rodrik (2014), Harchaoui and Ungor
(2018) and King and Ramlogan-Dobson (2015)). In particular, a relevant
question in the literature is whether the so-called “African growth miracle”
is putting an end to a secular malaise of weak economic development or if it is
just the result of temporary factors. Some authors point out a strong increase
in commodity prices and the subsequent attraction of foreign investment as the
main driver for the strong economic growth in the initial years of the century
(McMillan and Harttgen (2014)). It is referred that the commodity boom
that benefited many African economies is closely linked with Chinese demand,
spurred by its own strong growth. Other authors argue that there is more than
a commodity boom to explain recent African growth (Annunziata et al. (2014)).
This strand of literature has been pointing towards structural improvements
in terms of agricultural productivity, political and economic governance and
higher households’ purchasing power, as well as demographic trends such
as a growing labour force, urbanization, better education, health care and
longer life expectancy. These latter dimensions are typically interpreted as
both drivers and consequences of GDP growth, thus starting a virtuous
cycle of economic development. Moreover, the improvement of macroeconomic
conditions, notably in terms of reductions in external debt, as well as current
account and fiscal deficits, has also been contributing to the good recent overall
economic performance.

It is important to frame the analysis about the recent African economic
developments within the classic conceptual framework of growth theory.
Seminal contributions to economic growth theory comprise Solow (1956) and
later the works of Romer (1986, 1990) and Lucas (1988). These basic models
motivated progress in the empirical literature, which divided into two different
paths. One strand of the literature bases on cross-country regressions to
associate countries’ characteristics to growth performance. Initial contributions
in this area are those of Baumol (1986), Barro (1991) and Sala-Martin
(1997). The other strand of empirical literature, generically labeled as “growth
accounting”, bases on the seminal work of Solow (1957), which decomposes
economic growth in the economy into inputs’ accumulation and total factor
productivity (TFP) developments.

The growth accounting literature is very large and it is quite relevant for
the analysis of economic growth. Although growth accounting exercises are
silent about causality, they remain a very useful diagnostic tool and they are
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FIGURE 1: Stylized dynamic stochastic production frontier

as important as studies focusing on specific drivers of development, which
mostly base on case-studies. The classic growth accounting exercises compute
the contributions of input accumulation and TFP developments to observed
GDP growth in each country. However, performing separate growth accounting
exercises for individual countries raises issues of comparability. The relevant
growth benchmark is how peer countries perform and not what each individual
country achieves. Therefore, unless these exercises bring together information
from several countries to estimate a common stochastic production frontier, it is
impossible to disentangle TFP developments along the impact of technological
progress that is potentially available for all countries and changes in individual
efficiency. This is a key feature for the interpretation of economic developments
but it is typically disregarded in empirical growth accounting exercises.

This paper contributes to the literature by estimating Africa’s dynamic
stochastic production frontier in two periods, making it possible to perform a
growth accounting exercise that is meaningful and comparable across countries.
More specifically, we use Bayesian methods in order to obtain the parameters of
a translog dynamic stochastic production frontier for the overall set of African
economies and compute the contribution of different factors to economic
growth - employment, capital accumulation and TFP, which is separated into
technological growth (shifts in the frontier) and efficiency developments (change
in distance to the frontier). The efficiency developments signal the ability to
improve the utilization of existing inputs, no matter the origin of the existing
distortions, while the contribution from technological progress assesses whether
the existing mix of inputs in the country is in line with the most productive
techniques and highly valued outputs. Figure 1 illustrates these contributions
in a simplified two-dimensional dynamic production frontier.
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In the last decades, the progress on computation capabilities led to
the increased utilization of Bayesian inference techniques in many areas of
economic research. These methods have been used to estimate stochastic
production frontiers both at aggregate and micro levels (see Griffin and Steel
(2004)). Bayesian inference methods are quite flexible and have proven to be
particularly suitable when samples are small, in contrast with their maximum
likelihood counterparts. The initial applications of Bayesian methods to growth
accounting are those of Koop et al. (1999, 2000), upon which we rely in this
paper.

The paper focuses on the three decade period of 1985-2014, which is
split into two periods of 16 years (15 yearly growth rates). The first period
corresponds to the years 1985-2000 and is characterized by Africa’s low
economic growth in comparison with other regions of the world. The second
period corresponds to the years 1999-2014 and outlines a period of growth
acceleration that is due not only to favorable terms of trade and greater
foreign aid, but also to better policies (Arbache et al. (2008)). The two periods
considered correspond to different phases of super-cycles of commodities (Erten
and Ocampo (2013)). Their prices presented a downward trend in the first
period that reversed after the turn of the century. Therefore, the two periods
selected contrast recent positive African economic performance with years
when growth developments were disappointing, even if partly due to shifts
in commodity prices.

The paper concludes that capital accumulation was the major driver of
recent economic growth in Africa. The contribution of labour input was mildly
positive and stable in the two periods, reflecting the fact that the demographic
dividend in African growth is still to be materialized. The contributions of
technological progress to GDP growth are small when compared with those
of capital and labour and most countries benefited from positive contributions
in only one of the two periods. Moreover, most countries recorded positive
contributions from efficiency in the period 1985-2000 but only about half
of them maintained this situation in the period 1999-2014, meaning that
structural reform may have lost momentum in some economies.

The paper is organized as follows. In the next section we briefly compare
the distribution of GDP growth in African countries with those of other
continents in the two periods considered. Section 3 describes the methodology
for the estimation of the dynamic stochastic frontier and the database. Section
4 presents the results, comparing the contribution of inputs, efficiency and
technological progress for total GDP growth in each period. Moreover, the
section discusses the elasticities of inputs, analyses changes in the position and
shape of the frontier in the two periods considered and highlights the results
obtained for the three largest African economies - South Africa, Nigeria and
Egypt. Finally, section 5 offers some concluding remarks.
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1985-2000 1999-2014
Simple Simple
average Median Min Max Stdev | average Median Min Max Stdev

Africa 2.9 2.8 -4.2 136 2.8 5.0 4.4 -1.5 144 2.5
America 3.1 2.9 0.0 6.7 1.5 3.2 3.5 0.6 6.3 1.5
Asia 4.9 4.6 0.6 8.5 2.0 5.1 4.8 -0.7  11.3 2.5
Europe 2.6 2.5 -1.4 6.2 1.8 2.0 1.8 0.1 4.6 1.2
Oceania 2.8 2.9 2.3 3.4 0.6 2.4 2.5 1.8 2.9 0.6

TABLE 1. GDP growth in Africa and in the world

Source: Authors’ calculations based on Penn World Tables v8.

2. African growth in perspective

It is a well established fact that different initial development levels, as well
as idiosyncratic country and regional shocks, lead to high dispersion in the
distribution of GDP growth rates across countries. Table 1 presents some
descriptive statistics on GDP growth rates per continent in the average of
the periods 1985-2000 and 1999-2014, thus placing the African situation in a
broader perspective.

In the period 1985-2000, African countries recorded an average growth rate
of 2.9 per cent. This is less than what was recorded in the American continent
and, especially, in Asia. Only Europe and Oceania have shown an average
GDP growth rate slightly below that of Africa in this period. Given the lower
average development level in Africa, this can be classified as a disappointing
performance. Table 1 also shows that cross-country GDP growth dispersion in
Africa was much larger than in other continents, with a standard deviation of
2.8 percentage points (p.p.) and the difference between the best and worst
performing countries larger than 17 p.p. The scenario has changed in the
period 1999-2014. The average GDP growth in Africa accelerated to 5.0 per
cent, which is close to the figure recorded for Asia and well above that of the
remaining continents. However, the standard deviation of growth rates inside
Africa remained large in the most recent period (2.5 p.p.).

The two panels of Figure 2 map the average GDP growth in African
countries in 1985-2000 and 1999-2014 using a scale of four colours, defined
by the quartiles of the cross-country distribution of growth rates observed in
the two periods. Therefore, taking the two maps together, the scale and the
number of countries in each interval are the same. The darker colours in panel
b) show that economic performance clearly improved in the period 1999-2014
relatively to 1985-2000 for most African countries. The highest GDP growth
rates were recorded in sub-Saharan countries and in those immediately North
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(A) 1985-2000 (B) 1999-2014

FIGURE 2: GDP growth rates (percentage)

Notes: Authors’ calculations based on Penn World Tables v8. The scale is defined by the quartiles of
the distribution of growth rates observed in the periods 1985-2000 and 1999-2014.

of Austral Africa. Conversely, Central and Northern African countries grew
relatively less.

Capital-labour ratios are key ingredients in any growth accounting exercise
because the ability to increase capital per worker is a basic feature in classic
growth models. Figure 3 presents the capital-labour ratios in 1985 and 2014
using a scale of four colours, defined by the quartiles of the cross-country
distribution of this variable in the two periods. The comparison of the two
panels in Figure 3 shows that capital-labour ratios increased from 1985 to 2014
in many countries. Nevertheless, one striking feature of the data is the strong
positive skewness of the distribution of these ratios. In 2014, Equatorial Guinea
and Gabon show very high ratios, while central Africa countries like Burundi,
the Democratic Republic of Congo and Guinea post much lower levels of capital
per worker. These huge disparities, reflected in the scale of Figure 3, relate to
the productive structure of the economies, notably the existence of natural
resources.

3. The stochastic frontier approach

The underlying assumption in the current exercise is the existence of an African
production frontier, which can be statistically identified because there are
countries laying in its different segments. Conceptually, it means that since all
countries have equal access to the same technology if two of them have equal
labour and capital endowments the one with higher GDP is more efficient, i.e.,
it stands closer to the African stochastic production frontier.

The wvalidity of the assumption on the existence of an international
production frontier is worthwhile discussing, notably in the African context.
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FIGURE 3: Capital per worker (2011 Dollars per worker)

Notes: Authors’ calculations based on Penn World Tables v8. The scale is defined by the quartiles of
the distribution of ratios observed in the periods 1985-2000 and 1999-2014.

Although it is accepted that knowledge about production techniques and about
the relative value of goods and services is widely accessible across countries in
the world, its dissemination may take a long time to materialize, for example
due to institutional or geographical barriers. For instance, heavy licensing
procedures or other regulatory costs may deter the entry of firms with new
technologies. In addition, specific technological innovation in agriculture may
be effective only in a given climate region, while countries in other locations may
be unable to implement it, even with similar capital and labour endowments. In
this vein, Basu and Weil (1998) discuss the speed of international dissemination
of technological progress and its implications in terms of growth, arguing that
it occurs at a slower pace than the diffusion of knowledge. Therefore, the time
that elapses until a country effectively adopts the technological innovations in
the production systems reflects in its relative productive efficiency.

The dissemination of knowledge is faster amongst economies with less
distortions and lower institutional barriers. In addition, it is easier within a
group of countries that is homogeneous in terms of institutional setup and with
geographical proximity, which supports the decision to estimate the African
stochastic production frontier. Nevertheless, it can be argued that technologies
available in countries located in other continents are relevant to identify the
African production possibilities. For example, some Asian, Latin American or
European countries face some structural conditions close to those prevailing in
Africa, thus providing useful information for the identification of production
possibilities. However, the selection of some non-African countries for the
estimation of the production frontier would be discretionary. Alternatively,
the utilization of all available countries in the database, although offering the
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largest possible mix of inputs to identify the international production frontier,
could excessively deviate from the African reality. Therefore, our option was to
estimate the frontier for the full set of African countries and test the robustness
of results using the entire Penn World Tables dataset, which broadly covers the
world. Reassuringly, the most important growth accounting results obtained
for Africa remain unchanged.

Another issue is the assumption on the pace of technological progress in
the set of countries used in the estimation. The assumption made is that
technology evolves in a linear way along each of the two periods defined in the
paper. This implicitly means that there is an average speed for the adoption
of new technologies across countries and specific lags or leads are captured by
the efficiency component. In a similar context, Koop et al. (1999) extensively
tested alternative formulations for the dynamics of the production function,
namely a time specific model, where frontiers are totally independent in time,
a quadratic trend model and a linear trend model under constant returns to
scale. The authors concluded that the linear trend model is the best performer
in terms of in-sample fit, ability to distinguish the components of TFP and
number of parameters to compute.

Our paper considers two 16-year periods (15 annual rates) and results for
the growth accounting exercises are presented in terms of average contributions
to GDP growth. It should be noted that the length of the periods considered is
sufficient to average out short run fluctuations in the macroeconomic variables.

Regarding the functional form of the production function, a translog
specification is used. This formulation encompasses, as a special case, the
logarithmic transformation of the Cobb-Douglas production function and it is
more flexible than the latter. In fact, a major limitation of the logarithmic
transformation of the Cobb-Douglas production function is the absence of
interaction terms between labour and capital. Temple (2006) argues that the
assumption of a Cobb-Douglas specification may lead to spurious results in
economical and statistical terms. The problem is magnified because traditional
growth accounting exercises treat TFP as unobservable (omitted variable).
Conversely, if the researcher identifies a good proxy for TFP and the data are
actually generated by a translog, a suitable specification accurately recovers
the original parameters and rejects the Cobb-Douglas.

Classical econometrics allow for the estimation of stochastic production
functions through maximum likelihood methods.! However, the Bayesian
methods are suitable when samples are small because they allow for inferences
without relying on asymptotic approximations. In addition, most importantly,
Bayesian methods make it possible to rationally combine observed data
with economically meaningful initial assumptions (priors). In practical terms

1. For references on non-bayesian estimation methods of stochastic production functions see,
for example, Aigner et al. (1977), Meeusen and der Broeck (1977) and Kumbhakar and Lovell
(2004).
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observed data is combined with priors to generate a posterior distribution
function. In fact, we derive the posterior distribution functions for all
parameters in the model, leading to the posterior distribution function of GDP
growth components.

The prior for the efficiency parameter is an asymmetric positive distribution.
The rational behind this assumption is twofold. Firstly, this parameter
measures the distance relatively to the production frontier so it should be
positive. Secondly, there is a smaller probability of finding observations as
we move further inside the production frontier. This assumption is common
for the estimation of stochastic frontier functions but the specification of the
asymmetric distribution remains an open question. We opted for a normal-
gamma model (normal distribution of the residual component and gamma
distribution for the efficiency component). Its relative advantages versus other
alternatives, such as normal-half normal and normal-exponential models, are
discussed in Greene (2000) and Tsionas (2000).

3.1. The model

The model considered for the decomposition of the GDP growth follows Koop
et al. (1999), taking the form:

Yii = fi (K, Lii) Teiwes, (1)

where Y;;, K;; and Ly; stand for the real output, the real capital stock
and labour in period ¢ (¢t =1,...,T) in country i (i =1,...,N), respectively.
Furthermore, 7¢; (0 < 74; < 1) is the efficiency parameter and wy; represents the
measurement error in the identification and its stochastic nature. As mentioned
above, the basic model assumes a flexible translog production function:

Yti = l';gzﬂt + Vg — Ut (2)

where:
ahy = (1 ki b, keiles k5 15) (3)
Be = (BiassBr6) (4)

and lower case letters indicate natural logs of upper case letters. The
logarithm of the measurement error vy; is iid N (0,07) and the logarithm of the
efficiency parameter is one sided to ensure that 74; = exp (—uy;) lies between
zero and one. The prior for us; is taken to be a gamma function with a time
specific mean ;.

The contribution of input endowment, technology change and efficiency
change to GDP growth are defined in a simple way. The GDP growth rate in
country ¢ in period ¢t + 1 is:

Yi+1,i — Yt,i = ($t+1,1ﬂt+1 - ﬂit,lﬂt) + (ugi — wy1,), (5)
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where the first term includes technical progress and factor accumulation and
the second term represents efficiency change. The first term can be further
broken down as:

% (o1, + 20) (Ber — Be) + % (Beg1 + B) (Te41,i — 20i) (6)

The technical change for a given level of inputs results from the first term
of the previous equation and is defined as:

TC¢q1,5 = exp B (41,0 + 240) (Bes1 — 515)] (7)

and the input change defined as the geometric average of two pure input change
effects, relatively to the frontiers in consecutive periods:

ICi41,; = exp B (Bet1 + Be) (w41, — mti):| (8)

The efficiency change is defined as:

Tt+1,i (9)

ECii1,; = exp(ut — ut41,i) = =
ti

The average percentage changes in technology (ATC), input (AIC) and
efficiency (AEC) are geometric averages and can be defined respectively as:

- 1

T—1 T-1
ATC; = 100 % (H TCHM) -1 (10)
t=1
- 1
T-—1 T-1
AIC; = 100« (H ICHM) -1 (11)
t=1
- 1
T—1 T-1
AEC; = 100 % (H Ectm) -1 (12)
t=1
= 100 % {[exp(uu — UT,Z‘)]ﬁ — 1} (13)

As previously mentioned, the structure of technological change can be
modelled in different ways.? Parameters for technology may be different in each
of the T periods or evolve either in a linear or quadratic way in each of the
two 15-year periods. Furthermore, the linear trend model can be constrained
to a constant returns to scale technology. Each of these alternatives presents

2. See Koop et al. (1999) for a detailed discussion.
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advantages and limitations. The time specific model is very flexible but implies
the sampling of numerous parameters, which is computationally heavy. The
linear and quadratic trend models are less demanding in terms of parameters
but impose some rigidity in the dynamics of technical progress. The quadratic
trend is more flexible than the linear one, which makes it preferable if long
periods of time are analysed. In turn, the linear trend constrained to a constant
returns technology imposes too much structure. Taking the set of alternatives,
the linear trend model seems to offer the best compromise, with good results in
terms of the in-sample fit and the ability to separate the components of TFP.
Therefore:

Thus the model can be written as:

y=X"B-u+v (16)
with
Y= (yiy/T) JU = (u;u/T) = (vi..v7)", B = <B*,ﬁ**l),, (17)
where 3 is a 12 x 1 vector and:
X X5
X = |x, tx, (18)
Xr TXr

where X is a 49 (countries)x 6 vector. At this stage the full likelihood function
of the model can be written as:

T N
TN (y ‘X*ﬁ — u,aQITN)p (0_2)19 ()\_1) H H fa (ue ‘1,)\_1) ) (19)

t=14i=1

where f4 stands for a multivariate Tx N normal probability distribution
function, fg stands for a gamma probability distribution function and:

p(AY) = fae(AHL,—In(r"))

oy o 107°
p(a ) = o“exp 952

The prior for A~! assumes a gamma distribution with the first parameter
equal to 1 and second parameter equal to —In(7*)~! such that 7* is the prior
median efficiency. Typically 7* is chosen based on a priori expectations for the
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median of the efficient distribution. However, in a very heterogeneous sample
of countries, the existence of large deviations from the frontier increases the
sum of errors and places the randomized algorithm that generates a sequence
of posteriors - the sequential Gibbs sampler - in an unstable path. For the
algorithm to accommodate such a sample, this has to be compensated by a low
7*. We assume a starting point for 7* near zero and check the posterior median
efficiencies. For the first and second periods the posterior median efficiencies
correspond to 0.85. As expected, the standard deviations of efficiency levels
are high, corresponding to 0.15 and 0.14 p.p. in each period, respectively. In
Koop et al. (1999) the set of countries is much more homogeneous (17 OECD
countries) and 7* is simply taken equal to 0.75. As for 0~2, we assume the
usual flat prior.

Given this prior structure, the posterior marginal distributions that
compose the Gibbs sampler can be easily derived. The conditional for g is:

p(B }Data,u,afz,)fl) ~ 3 (6 ‘B\, o? (X*'X*)fl) , (20)
where
B=(X"X*) "X (y +u) (21)
The conditional for 02 to be used in the Gibbs sampler is:

p(a_2 }Data,ﬂ,u,/\_l) ~ fa
<o'_2 ng+ TN 1

2 2
Next, the conditional for u is a left truncated normal at zero:

a0+ (4 —X*B+u)’(y—X*ﬁ+U)]> (22)

o2 T N
X*B—y— 1, aQINT> TTT] 2w = 0),(23)

p(u|Data,[3,U—2,)\_1) ~ fﬁN <u \
t=1i=1

whose mean is forced to be higher or equal to zero in the algorithm and ¢
is a TN x 1 vector of ones. Finally, the marginal posterior distribution for the
AL st

p(/\_1 ’Data,ﬁ,u,a_2) = fao ()\_1

T N
1+TN,—1n(T*)—|—ZZuit) (24)

t=11i=1

A final important element in the methodology is verification of regularity
constraints regarding the elasticities of capital (FKy;) and labour (ELy;). Given
the matricial formulation, these generic elements are:

EKyi = (B3 +t657) + (81 + t610)lei + 2(B5 + 417 ) ki (25)
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ELyi = (B3 +185") + (B1 + t810)kei + 2(85™ + t612) s (26)

Therefore, we only accept a set of posterior 8 parameters that translate
into non-negative elasticities for all countries and periods.

The sequential Gibbs sampling algorithm defined by equations 20 to 24 was
run with 1,020,000 iterations for each period, with a burn-in of the first 20,000
iterations to eliminate possible start-up effects (see Casella and George (1992)).

A very important feature in the methodology is to ensure that the algorithm
converges to a stable distribution for each parameter, thus providing robust
posterior estimates. In this context, we have computed the classic Geweke
(1992) algorithm convergence criteria. Geweke’s statistic is a convergence
diagnostic for Markov chains based on a test for equality of the means of
the initial and final parts of the chain, which has an asymptotically standard
normal distribution. More specifically, if the two samples are drawn from the
stationary distribution of the chain, the corresponding means should equalize.
In our case, the Z scores for all parameters reject the probability of the difference
between the means of the samples associated with the first and second half of
the iterations to be different from zero.

We have also checked the minimum required number of iterations using the
length control diagnostic for convergence suggested by Raftery and Lewis (1992,
1995), which is based on a criterion of accuracy to estimate a given quantile
in the posterior distribution. This procedure calculates, for each variable
separately, the number of iterations necessary to obtain a given accuracy
interval with a given probability. In addition, it provides the minimum required
sample size for a chain not to have correlation between consecutive samples.
Moreover, the number of burn-in iterations to be discarded at the beginning
of the chain is also calculated. In the paper, we applied this procedure for
the median of coefficients, with an accuracy interval of 0.005 and a 95 percent
probability, confirming that the number of iterations performed largely exceeds
the minimum required.® The estimated parameters and the Geweke’s Z scores
are presented in Appendix A.

3.2. Database

The data requirements comprise information for employment, capital stock
and GDP from 1985 until 2014 for the set of 49 African countries considered.
This information was collected from the latest vintage of the Penn World
Table (version 8.0), whose methodology is presented in Feenstra et al. (2015).
Growth accounting exercises depend upon reliable data and, when the aim is to
estimate a stochastic production frontier, this data has to be comparable across
countries. It is widely acknowledged that statistics for many African countries

3. The two diagnostics procedures mentioned above were computed using the R package
‘coda’ by Plummer et al. (2016), which is freely available on line.
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have limitations, especially going back in time. However, these problems extend
also to other regions of the world. In spite of the international conventions
governing national accounts compilation, there are country specific practices
that tend to blur international comparisons. For example, the separation of
nominal variations in price and volume is not equally computed by the national
statistical authorities (Berndt and Triplett (1990)) and the compilation of value
added for some services, notably those associated to general government, are
also problematic.

The Penn World Table has set a standard for high quality in historical
cross-country economic aggregates, thus it is suitable to provide an accurate
insight into the size and contributions to income differences in Africa. The
latest version of the database is more robust and has expanded the scope of
information available relatively to the previous ones, notably in what concerns
measures of physical capital. Feenstra et al. (2015) refers that prices collected
across countries in benchmark years by the International Comparisons Program
are used to construct the purchasing-power-parity (PPP) exchange rates that
convert GDP at national prices into US dollars. Nevertheless, limitations
remain in terms of cross-country price comparisons, especially between the
richest and poorest countries, a point that is also made by Deaton and Heston
(2010). Moreover, statistical agencies sometimes strongly revise GDP figures,
amounting to more than 50 per cent in some developing countries (Jerven
(2013)).

4. Results

The overall accuracy of the GDP growth estimates obtained from the Gibbs
sampler is very good. The median absolute deviation between the observed
and estimated average GDP growth rates for the set of 49 countries in the two
periods considered is 0.8 and 0.9 p.p., respectively. As for the total contribution
of inputs to average GDP growth rates, the accuracy is high. The interquartile
ranges are 0.1 and 0.2 p.p. relatively to median total contributions of inputs of
2.2 and 4.4 p.p. in each period, respectively. The accuracy of the decomposition
in the technology and efficiency blocks is lower. The median interquartile ranges
are much larger than for the case of inputs, while the level of technology
and efficiency contributions is much lower (see individual country results in
Appendix B).

The rest of this section presents the results of the growth accounting
decomposition, aiming to identify patterns across African countries and it is
organized in four blocks. Firstly, as defined in equation 8, the contribution
of inputs is computed as the geometric average relatively to the frontiers
in consecutive years and capital and labour contributions are disentangled
making use of their respective elasticities to GDP. Secondly, we present the
contributions of efficiency and technological progress to GDP growth, as defined
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FIGURE 4: Contribution of capital stock (percentage points)

in equations 9 and 7, respectively. Thirdly, we discuss the change in the position
of the frontiers, comparing the initial and final years of each period considered.
Fourthly, the cases of South Africa, Nigeria and Egypt are highlighted.

4.1. Input accumulation

Figure 4 presents the contribution of capital accumulation to GDP growth in
the two periods, identifying individual countries and associating the shape of
markers to one of five African regions (Eastern, Middle, North, Southern and
Western). The numbers underlying the figure, as well as the identification of
country codes are presented in Appendix B. The first result that emerges is
the very high contribution of capital accumulation to total GDP growth. In
addition, these contributions clearly increased from the period 1985-2000 to
1999-2014 for the large majority of countries (41 out of 49), thus this pattern
is present in the five African regions considered.

Theoretical growth models take the accumulation of capital as a major
driver for economic development and growth accounting exercises empirically
support this result. This feature also emerges in our context. The African reality
is typically characterized by low levels of private and public savings, which
highlights the importance of foreign direct investment (FDI) and external aid
as sources of capital accumulation. As for FDI, although there is not a positive
correlation with economic growth in all countries, it seems to be a driver for
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FIGURE 5: Contribution of employment (percentage points)

development. For example, the remarkable dynamism of the Congo in terms
of FDI inflows correlates with high growth rates, while Gabon shows both a
relatively lower GDP growth rate and a low level of FDI attractiveness (Nkoa
(2013)). In what concerns external aid to development in African countries,
although there is some heterogeneity, an upward trend is visible since the
beginning of the century. This is compatible with the higher contribution of
capital accumulation in the period 1999-2014 and it typically relates with
improvements in basic infrastructure (ADB et al. (2016)). These results are
compatible with firm level evidence. Harrison et al. (2014) refers that the
key factors explaining Africa’s disadvantage at the firm level are lack of
infrastructure, access to finance, and political competition. In this vein, Eifert
et al. (2008) uses firm survey data and highlights the role of indirect inputs’
costs, notably infrastructure, on firm performance.

As for the labour input (Figure 5), the result is different from that of capital.
Not only the level of contributions to GDP growth is smaller, but they are
also relatively stable between the two periods considered. In what concerns
the regional patterns, labour contributions of Southern African countries are
amongst the smallest in the continent, while those in Eastern Africa nations
stand among the highest, especially in the period 1999-2014.

The contribution of labour to GDP growth relates with demographic
patterns and overall health conditions. As for demography developments, the
population aged 15-64 as a share of total population in Africa has been the
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lowest in the world. It has only started to increase since the late eighties but at
a rate lower than that observed in Asia and Latin America since the seventies.
Nevertheless, a demographic dividend is foreseeable in the next decades as
fertility rates are expected to decrease less in Africa than in other regions
(Drummond et al. (2014)). Health conditions, notably the prevalence of HIV,
have been a major issue in Africa in the last decades with a negative impact on
the contribution of labour to economic growth. For example, Chicoine (2012)
finds evidence that the epidemic has lowered employment in South Africa and
Dixon et al. (2002) estimate that the pandemic has reduced average national
economic growth rates by 2-4 percentage points a year across Africa.

The comparative contribution of capital and labour to GDP growth is
driven by the elasticities of inputs estimated in the stochastic production
function. Figure 6 presents these elasticities for the two periods considered,
ranking countries according to labour elasticity in the latest years. The
increase in capital-worker ratios makes it possible to incorporate more advanced
technologies in the production process and possibly produce goods with higher
value. Capital-intensive ICT sectors, whose activities have a deep impact on
the production of most goods and services and whose relative price it is a
good example of this “capital-premium”. For most African countries the labour
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FIGURE 6: Elasticities of capital and labour in 1985-2000 and 1999-2014

Notes: The elasticities for capital and labour are functions of the posterior 8 parameters that compose
the translog production function. Countries in the figure are ranked along the estimated labour elasticity
in the period 1999-2014.
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FIGURE 7: African stochastic production frontier in 2014

elasticity is lower in the period 1999-2014, while capital elasticities increased
over time. The ratio of capital and labour elasticities presents a cross-country
distribution with a median close to 2 in the period 1985-2000 and equal to 3
in the period 1999-2014.

The results obtained for the elasticities of inputs are intrinsically associated
with the shape of the production function. Figure 7 plots the three dimensional
stochastic production frontier in 2014, considering the logarithm of K, L and
Y in the axis. A relevant insight is that output tends to increase with more
inputs but not in a uniform way. For example, higher labour in low capital
segments increases output, while for high capital levels this is not visible. In
addition, more capital in low labour segments sharply increases output.

4.2. Total factor productivity

The block of the growth accounting decomposition with lower precision is the
breakdown of TFP developments into efficiency and technological changes. As
for the contribution of efficiency developments to GDP growth, interpreted
as changes in the distance to the frontier, results are summarized in Figure
8. Firstly, the levels of the contributions from efficiency are generally low.
Secondly, the majority of countries recorded positive contributions in the period
1985-2000, but only about half of those maintained this situation in the period
1999-2014, meaning that the structural reform may have lost momentum in
some economies.
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FIGURE 8: Contribution of efficiency developments (percentage points)

Note: Estimated contributions for Liberia and Zambia in 1999-2014 were large (2.4 and 1.8 p.p.,
respectively) and they are not presented in order to increase the visibility of the figure.
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FIGURE 9: Contribution of technology developments (percentage points)
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The estimation of the African stochastic production function makes it
possible to asses how technological changes translate into GDP developments,
depending on the positioning of countries in terms of the quantity of capital
and labour inputs. Figure 9 presents the results obtained for the two periods
considered. As for the case of technology, the contributions were also small
when compared with those of capital and employment and they presented
a larger dispersion in the 1986-2000 period. In addition, although most
countries recorded positive contributions in the period 1999-2014, only 16
of them post positive contributions in both periods. For example, Eastern
Africa countries like Mozambique, Burundi, Rwanda, Ethiopia and Madagascar
recorded negative contributions in the period 1985-2000 but recovered in the
following years. Conversely, countries like Botswana, Swaziland, Mauritius,
Congo and Gabon, seem to have benefited from technological developments
only in the initial period.

4.3. Change of production frontiers over time

The estimation of the stochastic production function considering a linear trend
for technological progress makes it possible to compare the frontiers at the
beginning and at the end of each period considered. Figure 10 presents the
difference in GDP levels (vertical axis) between initial and final frontiers. The
combined log levels of capital and labour define the log GDP that is possible
to obtain with full efficiency at each moment and the difference between two
moments in time reflects the change in the position and shape of the frontier.
The difference from 1985 to 2000 (in panel a) shows contractions of GDP except
for countries with intermediate employment levels and high capital. Conversely,
in the period from 1999 to 2014 (in panel b) the frontier expanded in the
segments of high employment and low capital and, to a lower extent, in high
capital and low employment regions. These strong differences in the position of

/
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(A) Change from 1985 to 2000 (B) Change from 1999 to 2014

FiGURE 10: Change in the African stochastic production frontier over time
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the frontiers over time, which may also be due to changes in the relative prices
of goods produced, including commodities, are compatible with the opposing
contributions from technology that are observed for many countries in the two
periods.

4.4. Largest African economies

South Africa, Nigeria and Egypt are the three African countries with largest
nominal GDP and they offer a good illustration of the main results presented
above. The panels of Figure 11 present the contributions of inputs, efficiency,
and technology in the two periods considered. These countries convey different
realities. South Africa and Egypt are classified as advanced in fertility transition
and urbanized, while Nigeria is considered a resource-based country. In
turn, South Africa is acknowledged as one of the countries in Africa where
modernization has progressed more. Nevertheless, unemployment rates are very
high, particularly among the youth, which contributes to high inequality in
South Africa (OECD (2015)). Nigeria has been rapidly urbanising and its fast-
growing cities also face increasing unemployment and income inequality, while
Egypt continues to work towards achieving sustainable cities and structural
transformation. However, Egypt’s high population growth also poses major
challenges for the sustainability of urban growth (ADB et al. (2016)).

Despite their differences, the strong contribution of capital accumulation to
GDP growth is clearly dominant in the two periods in the three economies. In
addition, the contribution from employment was positive in the first period,
though very small in South Africa. In the 1999-2014 period, this contribution
was reduced in Nigeria and Egypt. As for TFP developments, although the
significance of estimates is lower as interquartile ranges are wider, in the second
period, the contribution of efficiency was marginally positive in Nigeria and
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marginally negative in South Africa and Egypt. Finally, technological progress
gave a positive contribution to GDP growth in the three countries in the final
period.

5. Concluding remarks

In this paper, we conduct a growth accounting exercise based on the estimation
of a dynamic stochastic production frontier for Africa. The exercise conveys
a good overall fit as the sum of different contributions is not distant from
observed GDP growth, though quality lowers when it comes to splitting TFP
developments into efficiency and technological contributions.

One of the important results of the paper is that the contribution of capital
accumulation to recent economic growth in Africa is very important. The ratio
of capital and labour elasticities presents a cross-country distribution with
a median close to 2 in the period 1985-2000 and equal to 3 in the period
1999-2014. Therefore, the ability to increase domestic savings rates, attract
FDI, and maintain external aid is very important to sustain the recent good
performance of GDP in Africa. In addition, the contribution of labour input
was mildly positive and stable in the two periods, reflecting the fact that
the demographic dividend in African growth is still to be materialized. As
referred in The Global Human Capital Report (2017), the region will remain
relatively young for decades making investment in education and in the creation
of work opportunities beyond routine and lower-skilled occupations crucial to
explore its human capital potential in the labour market. The contributions of
technological progress to GDP growth are small when compared with those of
capital and labour and mostly positive in the most recent period. Moreover,
the majority of countries recorded positive contributions from efficiency in the
period 1985-2000 but only about half of them maintained this situation in the
period 1999-2014, meaning that the reform may have lost momentum in some
economies.

The opportunities for a sustainable economic growth in Africa exist but this
will require persistent efforts from policy-makers and firms. The continuation
of a good economic performance is key for improving the well-being of African
populations and also for the world economy in general. A thriving African
economy will have a positive spillover in a world plagued by low productivity
growth. In this context, further research on the drivers of African growth is
necessary and cross-country studies are as important as those that focus on
the impact of local reforms. Growth accounting literature is a useful tool in
this research agenda. In particular, taking explicitly into account the quality
and the characteristics of human capital and stocks of physical capital, as well
as the institutional features of the economies, stands as a promising avenue for
future research.
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Appendix A: Parameters and diagnostics

Average Median IQR z-score p-value
51 28.714 28.917 7.876 0.70 0.49
B2 -2.187 -2.214 0.752 -0.51 0.61
53 1.488 1.515 0.560 0.01 0.99
Ba -0.103 -0.105 0.032 -0.33 0.74
Bs 0.089 0.090 0.021 0.43 0.67
Be 0.046 0.049 0.023 0.49 0.62
B -0.997 -1.010 0.906 -0.80 0.42
B8 0.081 0.083 0.084 0.69 0.49
Bo -0.006 -0.006 0.053 -0.07 0.95
510 0.001 0.001 0.003 1.43 0.15
511 -0.002 -0.002 0.002 -1.06 0.29
512 -0.001 -0.001 0.002 -1.79 0.07
A 0.241 0.240 0.021 0.41 0.68
o 0.203 0.203 0.017 -0.24 0.81

TABLE A.1. Period 1985-2000

Average Median IQR z-score  p-value
51 12.441 12.437 8.246 1.04 0.30
B2 -0.888 -0.890 0.744 -1.03 0.30
B3 1.433 1.454 0.384 0.15 0.88
B4 -0.090 -0.092 0.026 -0.09 0.93
Bs 0.061 0.061 0.019 0.82 0.41
Be 0.035 0.037 0.020 0.00 1.00
B 0.169 0.169 0.831 -1.66 0.10
s -0.019 -0.019 0.075 1.22 0.22
Bo 0.009 0.009 0.039 0.41 0.68
510 -0.001 -0.001 0.002 -0.10 0.92
B1l 0.001 0.001 0.002 -0.57 0.57
512 0.000 0.000 0.002 0.00 1.00
A 0.238 0.237 0.022 0.38 0.71
o 0.110 0.110 0.010 0.58 0.56

TABLE A.2. Period 1999-2014
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Appendix B:

Thirty Years of Economic Growth in Africa

Detailed growth accounting by country

Code | Country GDP Input K L | Technology | Efficiency

Obs. Est. IQR | Est. IQR | Est. Est. | Est. IQR | Est. IQR
AGO | Angola 1.8 34 26 | 3.1 0.1 2.7 05 | 07 1.0 | -04 25
BDI Burundi 0.0 -0.2 28 1.1 0.1 ] 03 08 |-15 1.2 0.1 26
BEN | Benin 4.0 2.5 2.3 2.0 0.1 0.9 1.1 0.2 0.7 0.4 2.2
BFA | Burkina Faso 4.4 3.6 2.2 4.0 0.1 29 1.1 | -0.6 0.8 0.2 2.0
BWA | Botswana 7.3 8.6 1.7 | 82 02 | 71 1.1 | 05 09 |-0.1 1.3
CAF | Cent. African Rep. 14 1.2 29 1.3 00 | 05 08 |-03 0.7 0.1 28
CIV Céte d’Ivoire 2.5 1.7 22 (09 01 1] 01 09|06 0.8 0.2 20
CMR | Cameroon -0.1 2.3 1.6 2.2 0.1 1.3 0.9 0.4 0.7 -0.2 1.4
COD | D.R. of the Congo -39 1.0 2.1 1.8 0.2 0.6 1.2 |-02 1.1 |-0.6 1.7
COG | Congo 0.8 2.8 1.6 | 25 0.1 1.6 09 | 05 0.8 | -0.2 14
COM | Comoros 1.3 01 24|18 01 )06 12 ]|-19 15 0.2 1.8
CPV | Cabo Verde 5.6 3.4 2.3 3.8 0.2 3.1 0.7 | -0.8 1.2 0.4 2.0
DJI Djibouti 1.2 3.5 2.4 4.4 0.2 3.4 1.0 | -0.4 1.3 -0.4 2.1
DZA | Algeria 1.5 22 24 |19 0.1 1.6 02 | 04 1.7 | -0.1 1.6
EGY | Egypt 5.0 54 15 | 5.1 02 | 43 0.8 | 0.3 1.1 0.0 1.0
ETH | Ethiopia 2.6 1.7 3.2 1.4 0.2 0.3 1.2 | -0.1 1.4 0.4 3.0
GAB | Gabon 1.4 0.7 1.9 | -04 02 | -06 0.2 1.0 1.2 0.1 1.4
GHA | Ghana 4.4 25 24 | 16 0.1 1.0 06 | 04 0.7 0.5 23
GIN | Guinea 3.9 1.9 19 | 34 0.1 14 20 |-1.7 1.3 0.2 1.2
GMB | Gambia 3.3 26 20|43 02|29 14 |-18 1.2 0.1 1.5
GNB | Guinea-Bissau 2.5 1.1 2.4 1.9 0.1 1.0 09 | -1.2 1.0 0.3 2.2
GNQ | Equatorial Guinea 12.7 115 2.2 | 140 14 | 127 1.3 | -2.7 1.8 0.3 1.5
KEN | Kenya 3.0 3.5 1.8 | 32 0.1 19 13 | 0.3 0.8 0.0 1.6
LBR | Liberia -26 -1.2 28 | 0.1 0.1 1]-10 1.1 |-08 0.8 |-05 27
LSO Lesotho 4.3 4.2 2.5 4.5 0.2 4.3 0.2 | -0.5 0.8 0.1 2.4
MAR | Morocco 30 42 25 |39 02|37 02]05 1.2 | -0.2 22
MDG | Madagascar 2.0 1.5 1.7 | 1.7 01 |05 12 |-03 08 0.1 1.5
MLI | Mali 4.2 3.6 21 36 01|26 10 |-0.1 0.7 0.1 1.9
MOZ | Mozambique 5.9 32 30|37 02|21 16 |-14 15 09 28
MRT | Mauritania 2.8 1.5 1.6 16 01 | 08 07 |-01 0.8 0.1 1.3
MUS | Mauritius 5.8 5.2 1.9 | 45 01 | 41 04 | 06 0.9 0.1 1.6
MWI | Malawi 2.5 1.8 30 |13 01 | 06 07|02 0.7 0.3 29
NAM | Namibia 3.6 34 17|28 01|20 08 ] 05 0.9 0.0 1.4
NER | Niger 1.6 1.5 3.3 1.1 0.1 | -0.1 1.2 0.3 0.7 0.1 3.2
NGA | Nigeria 3.2 3.7 25|38 02|32 07 ]-01 1.7 0.0 1.8
RWA | Rwanda 0.5 1.0 22 |22 0.1 1.3 09 |-1.2 1.1 0.0 1.8
SDN | Sudan (Former) 5.2 54 13 | 56 02|44 12 |-02 08 0.0 1.0
SEN Senegal 3.1 3.0 2.1 2.6 0.1 1.6 1.0 0.4 0.7 0.0 1.9
SLE Sierra Leone 43 -09 21|01 01 ]-01 02)|-04 07 |-06 20
STP S. Tomé & Principe | 0.6 1.3 3.2 3.1 0.2 2.6 04 | -1.6 2.1 -0.2 28
SWZ | Swaziland 5.3 62 26 | 55 02|52 0408 1.2 | -02 23
TCD | Chad 3.1 08 20|16 01|02 14 |-1.1 1.0 04 1.7
TGO | Togo 2.0 1.4 2.2 1.5 0.1 0.3 1.2 | -0.2 0.7 0.1 2.1
TUN | Tunisia 4.0 39 23|30 01|26 04109 1.0 0.0 2.0
TZA | Tanzania 3.9 28 29 | 20 0.1 1.3 0.7 | 0.3 0.9 04 29
UGA | Uganda 6.3 50 2.1 50 02|35 15 ]-03 09 0.3 1.9
ZAF South Africa 1.8 1.9 2.6 1.8 0.1 1.5 0.3 0.1 1.8 0.0 1.9
ZMB | Zambia 1.6 02 35 |-14 01 |-1.7 04 | 09 0.9 0.7 3.5
ZWE | Zimbabwe 1.8 22 27119 01|09 10| 04 0.7 | -0.1 2.7

TABLE B.1. Results for period 1985-2000
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Code | Country GDP Input K L | Technology | Efficiency

Obs. Est. IQR | Est. IQR | Est. Est. | Est. IQR | Est. IQR
AGO | Angola 70 56 29|42 01 |38 04| 0.1 0.8 1.2 29
BDI | Burundi 7.1 53 25 |37 02|19 18 | 0.7 1.2 09 24
BEN | Benin 4.3 3.9 2.0 3.5 0.1 2.5 1.0 0.2 0.6 0.2 2.0
BFA | Burkina Faso 5.5 59 20 | 56 01 |47 09|03 06 |-01 19
BWA | Botswana 44 71 1.7 |77 02|74 03]-02 07 |-05 16
CAF | Cent. African Rep. | -1.5 -0.2 3.1 1.0 01|02 08|02 06 |-1.4 31
CIvV Cote d’Ivoire 2.2 1.5 1.8 1.1 0.1 0.6 0.6 0.2 0.6 0.2 1.7
CMR | Cameroon 38 40 16 | 38 01 |27 11| 02 06 00 1.5
COD | D.R. of the Congo 4.6 3.5 2.0 2.5 0.1 1.2 1.4 0.7 1.1 0.3 1.7
COG | Congo 4.7 56 1.7 | 58 0.1 | 52 06 |-0.1 07 |-02 1.5
COM | Comoros 2.7 1.9 21 1.6 01 | 04 1.2 | 02 1.5 02 1.4
CPV | Cabo Verde 44 52 19 | 56 02 |49 07 ]-02 09 |-02 1.7
DJI Djibouti 43 40 26 | 38 02|36 02]-02 1.1 03 2.5
DZA | Algeria 36 43 22 | 42 02| 40 02| 02 1.2 [ -02 1.9
EGY | Egypt 4.1 65 13|63 02|58 051]03 09 ]-01 038
ETH | Ethiopia 8.6 7.9 2.9 6.5 0.2 5.3 1.2 0.6 1.1 0.8 2.9
GAB | Gabon 2.1 1.9 1.4 2.1 0.1 2.0 0.1 | -0.2 0.8 0.0 1.1
GHA | Ghana 6.2 64 21|62 01|53 09|02 06 0.0 2.0
GIN | Guinea 26 59 15 |56 02|39 1.7 | 06 1.0 | -03 1.1
GMB | Gambia 3.5 4.8 1.7 4.9 0.2 3.8 1.1 0.1 0.8 -0.2 1.4
GNB | Guinea-Bissau 2.3 1.8 20 | 14 01|04 1.0 | 02 1.0 0.2 1.8
GNQ | Equatorial Guinea 134 169 1.5 | 174 05 | 170 04 |-02 0.8 |-0.3 1.2
KEN | Kenya 43 47 16 | 44 01 | 3.7 07 ] 03 06 |-01 1.5
LBR | Liberia 8.1 54 29 | 27 0.1 14 13| 03 08 24 29
LSO Lesotho 4.1 3.1 2.5 2.6 0.1 2.4 0.1 | -0.1 0.7 0.6 2.5
MAR | Morocco 43 51 29 | 54 02 | 50 03] 0.2 1.0 | -05 29
MDG | Madagascar 27 43 16 | 41 01 |28 13|05 07 |-03 15
MLI | Mali 4.2 39 17136 01|24 11|03 06 0.1 1.6
MOZ | Mozambique 7.2 7.9 2.2 7.4 0.3 6.2 1.1 0.7 1.0 -0.1 2.1
MRT | Mauritania 46 74 14 |78 02|70 08 ]-01 07 |-03 1.2
MUS | Mauritius 4.1 45 16 | 47 01 | 46 01 |-02 08 |-0.1 14
MWI | Malawi 43 31 28 |19 01 1]09 10 02 06 1.0 28
NAM | Namibia 43 62 16 | 6.7 01 | 64 03 |-02 07 |-03 1.4
NER | Niger 46 43 33 |34 01 |23 12 ] 02 06 0.6 3.3
NGA | Nigeria 7.2 6.3 20| 55 02|51 05105 1.3 03 1.6
RWA | Rwanda 76 69 19|62 03|49 12|05 038 0.3 1.7
SDN | Sudan (Former) 51 102 1.2 |104 0.2 | 97 07 ] 02 06 |-04 1.1
SEN Senegal 3.8 4.3 2.1 4.4 0.1 3.6 0.8 0.1 0.6 -0.1 2.0
SLE Sierra Leone 8.9 5.2 2.2 3.7 0.1 2.4 1.3 0.3 0.6 1.2 2.2
STP | S. Tomé & Principe | 46 3.6 30 | 28 02 | 22 06 [-01 1.7 | 09 3.0
SWZ | Swaziland 2.6 1.2 26 | 06 01 ] 04 021]-02 09 0.8 2.5
TCD | Chad 8.7 7.4 1.4 6.8 0.3 5.3 1.5 0.5 0.7 0.2 1.1
TGO | Togo 2.8 3.4 2.1 3.3 0.1 2.2 1.1 0.3 0.6 -0.2 2.1
TUN | Tunisia 36 40 23|40 01 |39 01|00 08 |-01 22
TZA | Tanzania 63 64 30|60 02|51 09|03 07|01 30
UGA | Uganda 66 83 19 |84 02|73 11|03 06 |-04 1.9
ZAF South Africa 3.1 3.8 2.4 3.7 0.1 3.5 0.1 0.3 1.4 -0.2 2.1
ZMB | Zambia 6.7 51 31|33 01|29 04|00 07 1.8 3.1
ZWE | Zimbabwe 28 21 26|14 01|08 06|02 06 0.5 26

TABLE B.2. Results for period 1999-2014



Working Papers

2016

1116

2|16

3|16

4116

5016

6|16

7|16

8|16

9|16

A mixed frequency approach to forecast
private consumption with ATM/POS data

Claudia Duarte | Paulo M. M. Rodrigues |
Anténio Rua

Monetary developments and expansionary
fiscal consolidations: evidence from the EMU

Antonio Afonso | Luis Martins

Output and unemployment, Portugal,
2008-2012

José R. Maria

Productivity and organization in portuguese
firms

Lorenzo Caliendo | Luca David Opromolla |
Giordano Mion | Esteban Rossi-Hansberg

Residual-augmented IVX predictive
regression
Matei Demetrescu | Paulo M. M. Rodrigues

Understanding the public sector pay gap

Maria M. Campos | Evangelia Papapetrou |
Domenico Depalo Javier J. Pérez | Roberto
Ramos

Sorry, we're closed: loan conditions when
bank branches close and firms transfer to
another bank

Diana Bonfim | Gil Nogueira | Steven
Ongena

The effect of quantitative easing on
lending conditions

Laura Blattner | Luisa Farinha | Gil Nogueira

Market integration and the persistence
of electricity prices

Jodo Pedro Pereira | Vasco Pesquita | Paulo M.
M. Rodrigues | Anténio Rua

10|16

11116

12116

13116

14116

1516

EAGLE-FLI | A macroeconomic model of
banking and financial interdependence in
the euro area

N. Bokan | A. Gerali | S. Gomes | P. Jacquinot |
M. Pisani

Temporary contracts’ transitions: the role
of training and institutions

Sara Serra

A wavelet-based multivariate multiscale
approach for forecasting

Antoénio Rua

Forecasting banking crises with dynamic
panel probit models

Antonio Antunes | Diana Bonfim | Nuno
Monteiro | Paulo M. M. Rodrigues

A tale of two sectors: why is misallocation
higher in services than in manufacturing?

Daniel A. Dias | Carlos Robalo Marques |
Christine Richmond

The unsecured interbank money market:
a description of the Portuguese case
Sofia Saldanha

16|16 Leverage and risk weighted capital

requirements

Leonardo Gambacorta | Sudipto Karmakar

17|16 Surviving the perfect storm: the role

of the lender of last resort

Nuno Alves | Diana Bonfim | Carla Soares

18|16 Public debt expansions and the dy-

namics of the household borrowing
constraint

Anténio Antunes | Valerio Ercolani



2017

1117

2|17

3117

4117

5117

617

7117

8|17

The diffusion of knowledge via managers'
mobility

Giordano Mion | Luca David Opromolla |
Alessandro Sforza

Upward nominal wage rigidity

Paulo Guimaraes | Fernando Martins | Pedro
Portugal

Zooming the ins and outs of the U.S.
unemployment

Pedro Portugal | Anténio Rua

Labor market imperfections and the firm’s
wage setting policy

Soénia Félix | Pedro Portugal

International banking and cross-border effects
of regulation: lessons from Portugal

Diana Bonfim | Sonia Costa

Disentangling the channels from birthdate to
educational attainment

Luis Martins | Manuel Coutinho Pereira

Who's who in global value chains? A weight-
ed network approach

Jodo Amador | Soénia Cabral | Rossana
Mastrandrea | Franco Ruzzenenti

Lending relationships and the real economy:
evidence in the context of the euro area
sovereign debt crisis

Luciana Barbosa

9117

10|17

117

12|17

13|17

14|17

15|17

16|17

17117

Impact of uncertainty measures on the
Portuguese economy

Cristina Manteu | Sara Serra

Modelling currency demand in a small open
economy within a monetary union

Anténio Rua

Boom, slump, sudden stops, recovery, and
policy options. Portugal and the Euro

Olivier Blanchard | Pedro Portugal

Inefficiency distribution of the European
Banking System

Jodo Oliveira

Banks' liquidity management and systemic
risk
Luca G. Deidda | Ettore Panetti

Entrepreneurial risk and diversification
through trade

Federico Esposito

The portuguese post-2008 period: a narra-
tive from an estimated DSGE model

Paulo Julio | José R. Maria

A theory of government bailouts in a het-
erogeneous banking system

Filomena Garcia | Ettore Panetti

Goods and factor market integration: a quan-
titative assessment of the EU enlargement

FLorenzo Caliendo | Luca David Opromolla
| Fernando Parro | Alessandro Sforza



2018

1118

2|18

3]18

4118

518

6]18

718

8|18

9|18

Calibration and the estimation of macro-
economic models
Nikolay Iskrev

Are asset price data informative about news
shocks? A DSGE perspective

Nikolay Iskrev

Sub-optimality of the friedman rule with
distorting taxes

Bernardino Addo | André C. Silva

The effect of firm cash holdings on monetary
policy
Bernardino Addo | André C. Silva

The returns to schooling unveiled

Ana Rute Cardoso | Paulo Guimardes | Pedro
Portugal | Hugo Reis

Real effects of financial distress: the role of
heterogeneity

Francisco Buera | Sudipto Karmakar

Did recent reforms facilitate EU labour mar-
ket adjustment? Firm level evidence

Mario Izquierdo | Theodora Kosma | Ana
Lamo | Fernando Martins | Simon Savsek

Flexible wage components as a source of
wage adaptability to shocks: evidence from
European firms, 2010-2013

Jan Babecky | Clémence Berson | Ludmila

Fadejeva | Ana Lamo | Petra Marotzke |
Fernando Martins | Pawel Strzelecki

The effects of official and unofficial informa-
tion on tax compliance

Filomena Garcia | Luca David Opromolla
Andrea Vezulli | Rafael Marques

10|18

1118

12]18

13]18

14118

15]18

16]18

17118

International trade in services: evidence
for portuguese firms

Jodo Amador | Sénia Cabral | Birgitte
Ringstad

Fear the walking dead: zombie firms,
spillovers and exit barriers

Ana Fontoura Gouveia | Christian Osterhold

Collateral Damage? Labour Market Effects
of Competing with China - at Home and
Abroad

Soénia Cabral | Pedro S. Martins | Jodo Pereira
dos Santos | Mariana Tavares

An integrated financial amplifier: The role
of defaulted loans and occasionally binding
constraints in output fluctuations

Paulo Julio | José R. Maria

Structural Changes in the Duration of Bull
Markets and Business Cycle Dynamics

Jodo Cruz | Jodo Nicolau | Paulo M.M.
Rodrigues

Cross-border spillovers of monetary policy:
what changes during a financial crisis?

Luciana Barbosa | Diana Bonfim | Sénia
Costa | Mary Everett

When losses turn into loans: the cost of
undercapitalized banks

Laura Blattner | Luisa Farinha | Francisca
Rebelo

Testing the fractionally integrated hypothesis
using M estimation: With an application to
stock market volatility

Matei Demetrescu | Paulo M. M. Rodrigues |
Antonio Rubia



18|18 Every cloud has a silver lining: Micro-level
evidence on the cleansing effects of the
Portuguese financial crisis

Daniel A. Dias | Carlos Robalo Marques

19|18 To ask or not to ask? Collateral versus
screening in lending relationships

Hans Degryse | Artashes Karapetyan | Sudipto
Karmakar

20|18 Thirty years of economic growth in Africa

Jodo Amador | Antonio R. dos Santos



www.bportugal.pt



	Blank Page
	contracapa.pdf
	Page 1
	Page 2


