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PREFACE

Economic development requires an eventual change in productive specialisation. This
process, known as structural transformation, refers to the reallocation of economic activity across
broad economic sectors, and specifically away from agriculture. Recent research has associated
structural transformation, and ultimately development, to a change in the type of goods a
country produces and exports. This change entails a gradual move towards goods that embody
greater physical and/or human capital. Thus, this line of work has also been able to create a
variable that embodies the “economic complexity” of a country, otherwise a proxy for the
productive capabilities of an economy.

This paper focuses on unveiling the determinants of this variable. In line with the breadth
of the related literature, there is a large set of factors that can potentially affect the degree of
economic complexity of a country. This, in turn, heightens the uncertainty in selecting the
adequate empirical model that explains the behaviour of our dependent variable most
accurately. To address this challenge, the paper adopts an econometric methodology that
considers all possible combinations of specifications, across a broad set of potential regressors.

The analysis singles out a few variables that are significantly associated with economic
complexity. This is the case, for instance, of commodity terms of trade, energy availability,
government consumption, capital per worker, arable land or the accrual of capital flows. An
identification we deem relevant, not only because of the exhaustive empirical investigation to
which these variables have been subjected to; but also because some of them are susceptible to
policy intervention.

This work contributes to the OECD Development Centre’s interest to disentangle a more
accurate account of which factors, and therefore which policies, facilitate and sustain
development. In this way, I hope it will provide valuable guidance on an issue that remains of
critical importance for many countries.

Mario Pezzini
Director
OECD Development Centre
December 2013
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RESUME

Les contributions récentes a la littérature sur la croissance économique ont fait valoir que
la structure d'une économie, mesurée par ses capacités de production, est un facteur déterminant
pour les différences de développement inter-pays. Les capacités productives sont considérées
étre hautement prédictives de la croissance économique future, mais leurs déterminants au
niveau des pays sont restés inconnus. Dans cet article, nous explorons empiriquement les
déterminants a I'aide d'un cadre d'étalement du modele qui peut gérer un tres grand nombre de
variables explicatives, sans la nécessit¢ dune sélection de modele. Afin d'estimer notre
spécification de panel dynamique, nous proposons un nouveau calcul de la procédure de
moyenne bayésienne d’estimation classique basé sur l'estimateur simple et efficace corrigé par un
estimateur a effets fixes. Notre référence et analyse de robustesse considerent un grand nombre
de variables, périodes d'échantillonnage et prieurs de modele. Nous constatons que le stock
existant de capacités (mesuré par la variable dépendante retardée), les termes de 1'échange sur
les matieres premiéres, la disponibilité de 1'énergie, la consommation publique, le capital par
travailleur, les terres arables et les flux de capitaux montrent une association importante et
robuste sur les capacités.

ABSTRACT

Recent contributions to the growth literature have argued that the structure of an
economy, as measured by its productive capabilities, is a key determinant for inter-country
differences in development. Productive capabilities have been shown to be highly predictive of
future economic growth, yet their country-level determinants have remained unknown. In this
paper, we empirically explore their determinants using a model averaging framework that can
handle a very large number of explanatory variables without the need for model selection. In
order to estimate our dynamic panel specification, we propose a novel Bayesian Averaging of
Classical Estimates procedure based on the simple and efficient bias-corrected LSDV estimator.
Our baseline and robustness analysis consider a large number of variables, sample periods and
model priors. We find that the existing stock of capabilities (as measured by the lagged
dependent variable), commodity terms of trade, energy availability, government consumption,
capital per worker, arable land and capital inflows show a strong and robust association with
capabilities.

JEL Classification: C11; O11; O14; O33; F43

Keywords: capabilities; economic complexity; exports; growth; Bayesian model averaging.
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I. INTRODUCTION

Development economists have often argued that the type and range of goods that a country
produces and exports is at the core of structural transformation, and ultimately economic
development. In essence, economic development is often defined as the transition of production
factors from traditional activities, largely in agriculture towards value creation embodying
greater physical and human capital (Kuznets, 1955 ; Kaldor ,1963). A major part of the literature
has focused on the special role of the abundance of natural resources in developing economies.
Primary commodities have been argued to lead to deteriorating terms of trade for natural
resource countries (Prebisch, 1950), greater volatility in export revenues (Easterly and Kraay,
2000), Dutch disease (Corden, 1982), and poor institutional quality (Sachs and Warner, 1995;
Ross, 2001; Collier and Hoeffler, 2005). More recent research has shifted the focus from
differences in sector shares to differences in product characteristics. Accordingly, the process of
structural transformation involves a change in the type of goods that are produced, i.e. shifting
production from simple to complex or sophisticated goods (Lall, 2000; Hausmann and Klinger,
2006; Hausmann et al., 2007). In this literature, what a country produces is indicative of its
developmental stage, with advanced economies generally producing and exporting high-
technology and high-skill products.

In a recent contribution to this literature, Hidalgo and Hausmann (2009) propose a network
theoretic measure of the productive capabilities of an economy based purely on trade data. They
do so using the “method of reflections”, which combines the level of export diversification of a
country and the average ubiquity of the goods it exports using a bipartite network algorithm.
The rationale behind this approach is that countries that export a large range of products (i.e. are
highly diversified) are likely to have more capabilities. Similarly, products that are exported by
relatively few countries (i.e. products with low ubiquity) seem to require many of hard-to-find
capabilities. Hidalgo and Hausmann (2009) show that after controlling for initial levels of
development the capabilities measure is highly predictive of future economic grow’ch.l This work
has attracted considerable interest in the literature and international development institutions
(Jankowska et al., 2012; Lederman & Maloney, 2012; UNESCAP, 2011 and many others).

If capabilities play such an important role for economic growth, it is crucial to understand the
process of capability formation. Hausmann and Hidalgo (2011) build a theoretical model that

! See also Ourens (2013) for a use of alternative data sources and several robustness checks of this finding.
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features strong path dependence in capability accumulation, which they define as the quiescence
trap. Since many products require the combination of several capabilities, countries with few
capabilities will have a lower probability of finding alternative uses for any additional capability
than countries having a large pool of capabilities. In this way, countries with low capabilities will
have lower incentives to accumulate additional capabilities. According to the authors, this trap
helps to explain the persistent differential in income levels between countries, since initial
differences in capability endowments would be amplified overtime.

The way the relationship between a country’s export profile and development is portrayed in the
literature on capabilities also suggests a very specific set of policy recommendations, in
particular with regards to industrial policies. According to Hausmann et al. (2011) countries
should follow a targeted diversification strategy that favours expansion into more sophisticated
activities and aim to increase the number of exported products according to two criteria. First,
selecting those which are most sophisticated and hence promise the greatest increase in the
country’s capabilities. Second, choosing them according to their proximity, i.e. the match with
existing capabilities.

All things considered, the literature on capabilities arrives at an interesting crossroad, which
motivates our study. On the one hand, the analysis draws bold conclusions about the link
between the theoretical construct of capabilities and economic development, some of which
depart substantially from conventional trade theory. Yet, this contrasts with the ambiguity that
still surrounds the definition of capabilities: Hidalgo and Hausmann (2009) describe capabilities
as those requirements that are necessary for producing a certain set of goods and are essentially
non-tradeable. Generally, these would include a wide range of factors such as aspects of
governance (e.g. rule of law, property rights), the level of infrastructure, and the skill
endowment of the labour force. The vice and virtue of the computation of the capabilities
variable is that the method of reflections only requires international trade data as input. In doing
so, it effectively circumvents the question of which country-level determinants account for the
level of capabilities.

The lack of clarity on the determinants of capabilities also has ramifications for policy
recommendations. If capabilities can be improved by exporting more sophisticated goods, the
main policy advice that results is a targeted support of industries based on the sophistication of
their products, and their proximity to the current set of capabilities. Even though it is reasonable
to assume that the products a country exports without market intervention are a measure of their
productive capabilities, to start exporting a particular good at any cost because of the above
considerations might not necessarily improve the capabilities of that country. This will be
particularly true if structural factors such as the market structure, the factor endowments and
infrastructure of a country are not favourable for producing and exporting that particular good.
However, if the country-level determinants of capabilities were known an alternative course of
action would be the improvement of a particular set of structural variables (e.g. education,
infrastructure, business environment, etc.) that can be seen as conducive to the accumulation of

8 © OECD 2013
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capabilities, which would then facilitate the inception and growth of more sophisticated
industries.

Our study aims to shed light on the determinants of capabilities through an empirical analysis
that considers a broad set of potential variables. These encompass institutional, macroeconomic,
skill-related, and other “non-tradeable” features of an economy, as suggested in Hidalgo and
Hausmann (2009). Specifically, the set of variables we consider can be grouped into different
categories related to macroeconomic conditions, financial development, economic structure,
external sector, demographics, education and skills, infrastructure and importance of the
primary sector. In all, this comprehensive approach allows us to combine variables where the
room for policy influence is more evident, as would be case for a variable such as the fiscal
deficit; to those that are relatively unaffected by policy, either for being structural in nature
(e.g. demography), or for being partially dependent on external factors (e.g. terms of trade).
Consequently, the extent to which the policymaking process can influence the capabilities
endowments of a country will largely depend on which type of determinant turns out to be more
important.

The consideration of a large set of potential explanatory variables requires a robust estimation
procedure, for which Bayesian Model Averaging (BMA) is the method of choice. As we will see
below, BMA is well-suited to account for the uncertainty associated with model selection, a
feature that gains importance in empirical specifications that consider many explanatory
variables. In our setting, it is desirable to use a fixed effects specification to account for
unobserved heterogeneity across countries. Due to the persistence of the capabilities measure
over time, this variable needs to be included in lags in the estimation equations. However, the
lagged dependent variable in the presence of country-fixed effects leads to the well-known
Nickel bias of the least squares dummy variable (LSDV) estimator (Nerlove, 1971; Nickell, 1981).
Here, we develop a new BMA procedure based on the simple and efficient bias corrected LSDV
estimator Kiviet (1995, 1999) to estimate the dynamic panel specification.

The remainder of the paper proceeds as follows. Section II details the construction of the measure
on capabilities, as defined in Hidalgo and Haussmann (2009); it describes the BMA methodology
and introduces of the bias-corrected LSDV estimator into the BMA framework. Section III
discusses the results and their robustness, and section IV concludes.

© OECD 2013 9
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II. METHODS AND EMPIRICAL STRATEGY

In this section, we present in detail how the capabilities variable used as dependent variable in
our analysis is constructed. Second, we discuss in detail the Bayesian model averaging approach
used in this study, as well as our preferred estimator, the priors and computational
implementation. Finally, we introduce the definitions and sources of the explanatory variables
included in the empirical analysis.

Capabilities measure

The capabilities measure proposed by Hidalgo and Hausmann (2009) is based on an algorithm
that combines information of the diversification of a country and the ubiquity of the products it
exports. Whether a country is effectively exporting a good is assessed by its revealed
comparative advantage RCA., following Balassa (1965) as the ratio of the export share x., of
product p in country c to the export share of product p in world trade

xCp/Zp Xep

RCA., =
i Zc xcp/Zc Zp Xep

A country is assumed to be competitive in exporting a product p if its revealed comparative
advantage (RCA.p) is greater than 1, i.e. if the share of product p in country c¢’s export basket is
greater than the share of the same good globally. Therefore, we can define the following
indicator function for country c¢ having a comparative advantage in product p as:

0if RCAp<1

1ifRCA;,>1

|RCA|Cp={
cp=

The observed level of diversification K., of a country c is then defined as the number of products
in which the country has a revealed comparative advantage. Conversely, the ubiquity K, of a
product p is defined as the number of countries exporting that product with a revealed
comparative advantage:

Keo = ) IRCAl,
p
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Ko = ZlRCAle

c

Next, these two indicators are combined using a bipartite network representation of countries
and products, in which countries and products are connected if a country has a revealed
comparative advantage greater than one in that particular product category

KCN_K ZlRCAlcp pN—1
c,0

pN_K 2|RCA|cp ¢ N-1

where K y is the Nth country moment and K,, y is the Nth moment on the product side. Iterating
the equations for K,y and K,y gradually extracts more information about product
sophistication, on the product side, and capabilities, on the country side, and this procedure was
iterated until convergence. Then, the capabilities measure was computed based on a sample of
103 countries for which data for the entire time period from 1976-2010 is available.

The actual value of the measure is sensitive to the overall connectivity in the network, which
changes over time, and hence comparisons across years are only meaningful if the measure is
standardised across countries for each year:

_ Kc,oo - E(KC,OO)

JVar(K. ) '

where time subscripts have been omitted to simplify notation. A value of zero in this measure

capab,

corresponds to a country having the same capabilities as the world average; a value of one
corresponds to a country that is one standard deviation above world average. When observing
changes over time in this measure, one can determine whether a country has improved its
position relative to other countries, while of course it is likely that on average all countries have
improved their capabilities over time.

The standardisation of the capabilities measure has consequences for our statistical analysis.
Since the dependent variable is by definition a relative measure, the actual levels of the
explanatory variables are not meaningful and only changes in their values relative to other
countries are of importance. Hence, all the independent variables are standardised accordingly
for a given cross-section of the panel. This is equivalent to running a regression with
standardised coefficients. Therefore, the coefficients are to be interpreted as how many standard
deviations the dependent variable changes for a standard deviation increase in the explanatory
variables.

© OECD 2013 11
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Bayesian model averaging

As discussed in the introduction, a large number of variables could in principle determine the
productive capabilities of a country. If the number of explanatory variables (K) is substantially
smaller than the number of observations (N), a simple regression could be run to identify the
most important determinants. However, if K is close to N, statistical estimates become too
imprecise to yield robust and meaningful results. A popular approach in the growth literature to
overcome this problem has been to use Bayesian model averaging (Fernandez et al., 2001; Sala-i-
Martin et al., 2004; Ciccone and Jarocinski, 2010; Moral-Benito, 2012). Bayesian model averaging
focuses on the fact that there is substantial model uncertainty, i.e. that it is not clear which model
out of the many possible specifications given a set of K explanatory variable has generated the
data. Model uncertainty is accounted for by estimating all possible models and by evaluating the
probability of each model given the data. Subsequently, the (posterior) model probability can be
used to calculate a proxy for the importance of a variable (the posterior inclusion probability)
and for calculating weighted averages of the mean and variance of the coefficients.

Formally, there are j = 1, ...,2K different models formed by all combinations of the K explanatory
variables. For a given model M; with a subset of independent variables x/ consider the panel
regression of the form

_ I pj j
Yie = X;:B + €

where y;; is the capabilities measure of country i in time period t, 8/ are the marginal effects of
the explanatory variables included in the model and s{t is an error term. In this article, we use
Bayesian model averaging of classical estimates following Raftery (1995) and Sala-i-Martin et al.
(2004), for which standard econometric methods can be used to estimate this equation. A key
statistic in the model averaging framework is the posterior model probability P(M;|y) of model
M;. We follow Raftery (1995) in using the Schwarz asymptotic approximation to the integrated
likelihood which in a panel context is given by

P(M;)(NT)™¥/255E,~(ND)/2
%2 P(M;)(NT)~K'/25SE;~(ND/?

P(Mjly) =

where P(M;) is the prior model probability, NT is the number of observations (N is the cross-
section and T the time dimension), k’ is the number of parameters included in the model and
SSEj is the sum of squared residuals of model regression j. Note that the posterior model

probability comprises the degrees of freedom adjustment (NT)™%'/2, as information criteria do,
independent of the prior. An important summary statistic is the posterior inclusion probability
(PIP), which is a proxy for the importance of a variable in explaining changes in the dependent
variable. The PIP of explanatory variable k is given by the sum of the posterior probabilities of all
models in which the variables was included:

12 © OECD 2013
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PIP, = P(6; # 0]y) = z P(M;ly)
05, #0

k

In a Bayesian framework the posterior density is simply the sum of the posterior densities
weighted by their posterior model probabilities. Accordingly, the posterior mean of the
coefficients is given by:2

2K

E@1y) = ) P(M;y) 0’

J

where 8/ is the estimate of 6 using the estimator discussed below for the set of explanatory

variables included in model M;. Following Leamer (1978) the posterior variance of 6 is given by
ZK

Var(8)y) = Z P(Mle’) Var(6ly, Mj)

J
2K

£ P(M]y) (07 - E@1y))?
J

which accounts for the variance of the estimated parameters in individual models as well as the
variance of the estimates across models.

The estimator

Here we consider a dynamic panel specification with persistence of the dependent variable and
country-specific effects® to account for unobserved heterogeneity across countries, given by:

Vie = @Yie—1 + XieB + fi + Uy

Under the assumption that E (u;|y;, x;, f;) = 0, the least square dummy variable (LSDV) estimator
defined as:
OLspy = (X'AX)7'X'Ay

is unbiased, where X includes both the lagged dependent variable and other explanatory
variables and A=1y ® (IT—%LTLT’) is the symmetric and idempotent matrix subtracting

individual-specific means. However, it is well known that the LSDV estimator is biased when
E(u;ily;, x;, f;) # 0 and T is small (Nerlove, 1971; Nickell, 1981). Kiviet (1995, 1999) derived an
analytical expression of the small sample bias of the LSDV estimator up to order O(N 2T ~2) and
proposed a bias-corrected estimator based on his results:

2 Summing over the models where 6, # 0 instead of over all models yields the posterior mean of the
coefficients conditional upon inclusion.

¥ We also implicitly account for time-specific effects due to the transformation of the data resulting from the
standardisation of the variables.
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éLSDVC = é\LSDV - E(éLSDV - 6)

The bias corrected LSDV estimator (LSDVC) generally has been shown to be a more efficient
estimator than alternative IV and GMM-estimators that also address the bias arising from the
lagged dependent variable (Anderson and Hsiao, 1981; Arellano and Bond, 1991). For example,
Judson and Owen (1999) use Monte Carlo simulations to show that for panels of all sizes the bias
corrected estimator consistently has the lowest root mean squared error in comparison to OLS,
Anderson-Hsiao and GMM estimators. Moral-Benito (2012) proposes a maximum likelihood
estimator whose first moment conditions correspond to those of the GMM problem to deal with
the endogeneity of the lagged dependent variable in a Bayesian model averaging context.
However, the small-sample properties of this estimator have so far not been investigated. Hence,
in this study we combine the estimates of the LSDVC estimator using the model averaging
framework outline above. In the robustness analysis, we show that the model averaging results
of the LSDV and the LSDVC estimator differ appreciably from each other and that the bias of the
LSDV estimator for our dataset is not negligible.

The prior

We use the relatively standard binomial distribution over the model size K as a prior distribution
(Sala-i-Martin et al., 2004):
K~Bin(K, ¢)

ko _
E(K)=Kp=K_ =k
where ¢ = k/K is the prior inclusion probability of each variable and k is the prior expected

model size. In this framework, the prior model probability of model M; with k/ different
explanatory variables is

P(M;) = (@)¥ (1 — @)¥.

This specification only requires the choice of the prior expected model size, which we set to
k = 10. This is slightly larger than in previous studies on the determinants of growth in cross-
section regressions with k = 7 (Sala-i-Martin et al., 2004) and in the panel setting with k =5
(Moral-Benito, 2012). However, as there is currently little prior knowledge on the determinants
of productive capabilities and the measure has potentially many determinants we chose a
slightly larger expected model size as a reflection of this uncertainty.

We investigate the robustness of our results to our prior assumptions in two ways. First, we
examine the effect of the prior expected model size of the binomial prior on our results. In the
alternative specification k is set to 5 and 15. Second, we use a random rather than a fixed prior
specification. Using a fixed ¢ prior has been criticised by Ley and Steel (2009) on the grounds
that the results are more sensitive to the choice of the prior expected model size parameter k than

14 © OECD 2013
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alternative hierarchical prior specifications which allow ¢ to be random. To address this issues,
Ley and Steel (2009) propose the use of a beta-binomial prior over the model size K

K~Bin(K, ¢)
p~Beta(a, b),

where a, b > 0 are hyperparameters and ¢ is now a probabilistic variable that is drawn from a
beta distribution. The prior expected model size in this framework is

E(K) = ——K
Ta+b

Ley and Steel (2009) propose a choice of a = 1 and b = (K — k)/k, which allows setting the prior
expected model size as in the case of the binomial prior and hence makes the results directly
comparable. In our robustness analysis, we set k = {5,10,15} to compare the results with those of
the fixed binomial prior specification.

Computational implementation

The number of models that has to be evaluated grows exponentially with the number of
covariates included in the regression. A complete evaluation of all models with K covariates
would require running 2X regressions. For K = 30, this is equivalent to 1.07 - 10° model
evaluations, which is computationally infeasible. As a solution, algorithms have been developed
which carry out Bayesian model averaging without the need for evaluating every possible model
(Koop, 2003). Here, we employ the commonly used Markov Chain Monte Carlo Model
Composition (MC?) algorithm originally proposed by Madigan, York and Allard (1995). The MC?
constructs a Markov Chain in model space whose stationary distribution converges to the
posterior model probability distribution by sampling from regions in model space where the
posterior model probability is high. Specifically, the MC? simulates a chain of models M) for
s =1,...,5 samples where M ®) js sampled from the set of all possible models {My, ..., M,k}. The
birth-and-death sampler is used to implement the MC?, in which the candidate model M) is
identical to the current model MG~ except for one variable. In each iteration, one of the K
covariates is drawn at random. If the explanatory variable already forms part of the current
model MG~ then the variable is deleted in the candidate model M. Similarly, if the drawn
explanatory variable is not included in the current model, then it is added in the candidate
model. The posterior model probability for the candidate model is computed and the proposal is
accepted with probability:

P(MOly)

M)

1).

If the candidate model is not accepted, then the Markov Chain remains at the current model
(M® = MG~D). The algorithm was run until convergence, which was verified by the correlation

© OECD 2013 15
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coefficient between the relative frequencies of model visits and the analytical posterior model
probabilities for the 10 000 best models (Fernandez, Ley and Steel, 2001).

Data

Our data sample is conditioned by the need to incorporate a comprehensive set of variables,
representative of all the dimensions that could potentially affect Capabili’cies.4 While a more
complete definition of the variables and their sources is included in the appendix, here we
simply list the variables used in the baseline specification, along the following thematic
classification.

- Macroeconomic conditions: GDP volatility, GDP growth, current account balance, government
consumption over GDP, inflation, total reserves over GDP, currency overvaluation.

- Financial Development: money and quasi-money as percentage of GDP, domestic credit over
GDP.

- Physical capital: capital per worker, gross capital formation over GDP.

- External sector: Trade openness, capital account openness, foreign direct investment over GDP,
capital flows over GDP, terms of trade.

- Demographics: population, population growth, age dependency ratio, life expectancy.

- Education/Skills: average years of schooling, percentage of population with secondary education,
percentage of population with tertiary education.

- Infrastructure: number of telephone lines per 100 people, energy use, energy production,

- Importance of primary sector: agricultural land as percentage of total land, arable land as
percentage of total land.

The implementation of BMA requires having a balanced panel, a condition that significantly
reduces the number of countries for which the previous variables are available. This condition
leaves our baseline specification with 43 countries, listed below according to latest 2012 World
Bank’s income group classification.”

* The rationale for the different groups of variables is discussed in the introduction.

5 See http://data.worldbank.org/news/new-country-classifications for details.
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Lower middle income Upper middle income High income

Bolivia, Cote d’lvoire, Cameroon, Colombia, Costa Rica, Dominican Australia, Canada, Switzerland,
Egypt, Ghana, Guatemala, Republic, Ecuador, Jamaica, Denmark, Finland, Ireland, Israel,
Honduras, Sri Lanka, Morocco, Jordan, Mexico, Malaysia, Peru, Italy, Japan, Republic of Korea,
Pakistan, Philippines, Paraguay, Thailand, Turkey. Netherlands, Norway, New
Senegal, El Salvador. Zealand, Sweden, Trinidad and

Tobago, United States, Uruguay

Note: Classification based on Gross National Income per capita of 2012 by the World Bank with the following brackets: lower
middle income (<USD 1 036 - USD 4 085), upper middle income (USD 4 086 - USD 12 615), high income (USD 12 616 or more).

With these countries and variables, we create 5-year-average periods between the years 1976 and
2010, therefore leading to seven time periods. As a robustness check, we estimate two alternative
samples that in both cases include the same number of countries and a shorter time span
(i.e. only the most recent four periods, between 1991 and 2010).
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III. RESULTS

Next, we present the results of estimating the alternative specifications and applying the
Bayesian model averaging method discussed in the previous section to analyse the determinants
of productive capabilities. We first discuss our baseline results. Then we perform a series of
robustness tests considering alternative estimation methods, samples, additional variables and
different assumption regarding the priors. Finally, we extend the analysis towards interpreting
our results separately in the two dimensions (diversification and ubiquity) that combine in the
capability measure.

Baseline Results

In Table A.1 (see Annex), we present the estimates for our baseline model that are based on the
Bayesian Averaging of Classical Estimates (BACE) LSDVC estimator considering the long panel
(from 1976 to 2010). A series of interesting results emerge. On the one hand, in terms of
importance of the potential variables considered, we find three variables that stand out with a
PIP of 1: the lagged dependent variable, commodity terms of trade and real exchange rate
deviations from trend. The substantial autocorrelation in capabilities, with an average coefficient
of around 0.51, shows that it is actually useful to think about capabilities as a stock that moves
slowly and has to be accumulated over time. On the other hand, variables that a priori would be
considered to play an important role in the accumulation of capabilities such as human capital,
infrastructure, trade and financial openness do not seem to have a robust effect, in the sense that
they have low PIPs.

Commodity terms of trade have a negative impact on capabilities. Therefore, improvements in
the ratio of export commodity prices versus import commodity prices are associated with a
decline in the capabilities index. This effect could in principle be due to different reasons that
operate mainly through a combination of impeding diversification and product sophistication.
Commodity exporting countries might specialise in exporting less sophisticated products, for
example, due to Dutch disease effects that reduce the competitiveness of other tradeable goods.
Furthermore, as commodity sectors tend to be very intensive in physical capital, it could be that
they create very little employment and spill-over effects within their sector. When the relative
prize of commodity exports increases, this feature might become more severe. Finally, upstream
and downstream spill-overs might also be limited in natural resource activities. For example, in
the mining sector it could potentially involve moving into logistics, transport or machinery,
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activities that require very different skills, inputs and industrial capabilities that might not be
close in technological terms to capabilities accumulated in the mining production stage.

The third variable that has a PIP of 1 and also a negative, albeit quantitatively very small, impact
on capabilities is the undervaluation of the real exchange rate. This is an interesting finding, as
the literature generally argues that an undervalued real exchange rate fosters economic growth
through self-discovery or learning-by-doing externalities that are associated with higher
capabilities (Rodrik, 2008). Nevertheless, it is consistent with other studies that do not find a
significant trade effect of currency undervaluation, such that currency undervaluation might
foster growth by other channels than through raising export capabilities: e.g. facilitating the
Lewis transition from the traditional rural areas to the modern sector — or keeping labour cheap
and allowing therefore for more savings in the corporate sector that can be reinvested in the
context of low financial development (see Gliizman et al, 2012). A potential channel of
transmission from real appreciation towards capabilities might be that an overvalued exchange
rate often reduces the relative price of imported capital goods.

Additionally, there is a group of five variables that also have a relatively high PIP. These
variables are energy use intensity, government consumption, the capital stock per worker, capital
inflows and arable land.

Energy use intensity has a positive effect on capabilities, which is expected from a variable that is
a proxy of energy availability. Government expenditures also have a positive relationship with
capabilities, likely reflecting the provision of public services needed for enabling the
accumulation of capabilities by the private sector. This is an interesting result, as in the economic
growth literature, government consumption is usually found to have a negative correlation with
economic growth (e.g. Sala-i-Martin, 2004). However, both results are not contradictory. For
example, it might be that the distortions caused by the way these expenditures are financed and
the crowding-out effect of an increase in government expenditure on private investment in the
absence of perfect access to international capital markets reduce economic growth, despite the
fact that they might also create public goods needed for the accumulation of capabilities. The
capital stock per worker has a positive effect on capabilities, such that relatively capital-abundant
economies tend to have higher capabilities. This might be due to the fact that sophisticated
technologies are often embodied in physical capital.

The other two variables, capital flows and arable land have a negative impact on capabilities. The
channel of transmission for capital inflows has to differ from the real exchange rate, as the results
discussed above imply that appreciations linked to inflow episodes would tend to have a
positive impact on capabilities. In our view, the most reasonable alternative might be through
macroeconomic instability and financial crises often associated with capital inflow episodes
(Kaminski and Reinhart, 1999). This would also be consistent with the evidence that the type of
crises associated with capital inflow reversals (sudden stops, banking and debt crises) are
frequently followed by a sustained decline in total factor productivity (Blyde et al, 2010). Arable
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land also has a negative effect on capabilities, which probably reflects the fact that countries with
relative abundance of land tend to specialise in primary goods with weak capabilities.

To provide some intuition for the magnitude of the coefficients, in particular for the policy-
relevant variables, let us consider some examples for the most recent period, 2005-10, of our
dataset. In our sample, Japan had the highest value of capabilities with 2.02, the Comoros the
lowest value with -1.96 and Colombia was at the median with -0.13. According to our results,
raising the level of government spending from the one of the Dominican Republic to the one in
Sweden (average of 7.41% GDP vs. 26.4% GDP for the 2005-10 period) would be associated with
an increase in the capabilities indicator by 0.15. Similarly, fostering investment to increase the
stock of capital per worker from the level of Ghana to the one of the US (average of 10 373 USD at
constant 2005 prices vs. 220 928) would raise the level of capabilities by 0.19.

Robustness analysis

Next, we explore a series of robustness checks of our main results. First, we run the model
averaging procedure without correcting for the endogeneity bias deriving from the lagged
dependent variable. Second, we consider the possibility that the impact of certain variables on
capabilities has changed over time by restricting our analysis to the period from 1991 onwards.
We also analyse the robustness of our results to different priors regarding the model size by
varying the prior expected size, as well as using a random instead of a fixed prior specification.

LSDV estimation

Using the LSDV estimator without correcting for the bias deriving from the lagged dependent
variable in the presence of country-fixed effects leads quantitatively to slightly different results
from our baseline model (see Table A.2 in the annex). First, the coefficient of the lagged
dependent variable has a downward bias using the LSDV estimator, which is expected since the
coefficient is positive (Nickell, 1981). Furthermore, the PIP of the real exchange rate deviations
from trend, energy use and government consumption is substantially reduced while the one for
capital per worker is inflated. The altered PIPs in combination with the bias deriving from the
lagged dependent variable also affect the associated average coefficients of the variables. The
differences in the estimation results underline the importance of using the correct estimator
when considering our dynamic panel dataset.

Shorter sample from 1991 onwards

Since our baseline specification spans a time-period of more than 35 years in which the world
economy has undergone substantial structural changes, it is important to consider whether the
determinants of capabilities might have concomitantly changed over time. This alternative
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specification confirms some of the findings of our main results but also provides some important
qualifications. The lagged dependent variable and the commodity terms of trade continue to
show a PIP close to one and the sign of the average coefficient remains unchanged. Capital per
worker appears even more closely linked to high levels of capabilities and is not only important
in terms of the PIP, but now also has the highest average effect on capabilities. In contrast, the
undervaluation of the real exchange rate has a substantially reduced PIP and the average
estimate also reverses its sign, which turns positive in the short panel in accordance with Rodrik
(2008). Similarly, energy use, government consumption and to a lesser degree capital inflows
turn out to be much less closely linked to capabilities in the last 20 years than considering the
whole time span.

Some additional variables show a stronger association with export capabilities during this
period. For example, some factors that can be influenced via policy such as tertiary education
and foreign direct investment seem to play an increasingly important role in the last two
decades. This might reflect two trends of globalization recently highlighted by analysts and
policy makers. First, the reduction in transportation and communication costs have increased the
fragmentation of the production process in global value chains, with FDI becoming an important
vehicle in this field, such that vertical integration and trade in tasks has become more relevant
(WEF, 2012; OECD, 2013). Second, technological change has been skilled-biased, such that the
complementarities between human capital, innovation and upgrading have strengthened.6 Both
of these trends should in principle facilitate the accumulation of export capabilities in countries
successful in inserting themselves in global value chains through FDI and accumulating human
capital.

Interestingly, agricultural land is also positively linked with capabilities. However, structural
demographic factors associated to low levels of development, such as population growth and the
dependency ratio that put a drag on the accumulation of capabilities have also gained in
importance.

Robustness to different prior specifications

In a Bayesian framework, the prior probability distribution and its parameters need to be chosen
by the researcher. In this section, we investigate the robustness of our results to the prior
expected model size k and the particular probability distribution of the prior. First, we consider
the effect of changing the prior expected model size of the binomial prior on our results. In the
alternative specifications k is set to 5 and 15 instead of 10, as in the previous section (Figure A.1,
Panel a and b in the Annex). Second, we use the beta-binomial prior specification proposed by
Ley and Steel (2009), which has been argued to be less sensitive to the choice of the prior
expected model size parameter k due to its probabilistic formulation. Again we consider a prior
expected model size of 5, 10 and 15 in this alternative specification.

® See Acemoglu (1998, 2002) and Autor et al (1998) for some theory and evidence on this issue.
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Decreasing the prior expected model size to k = 5 favours models with fewer variables, which
leads to half the probability mass being concentrated on models with five explanatory variables.
Increasing the prior expected model size to k = 15 leads to putting more weight on models with
more variables and shifts the posterior model probability distribution to the right as well as
making it more spread out. Varying the prior expected model size of the binomial prior does not
qualitatively change our results with regards to the PIPs (Figure A.1 — Panel b in Annex). The
lagged dependent variable, commodity terms of trade and exchange rate undervaluation are
always included in all models independent of the prior expected model size. Similarly, there is a
set of variables including energy use, government consumption, capital per worker, capital flows
and arable land that have a PIP between one and 0.2 for all values of k. The other explanatory
variables are not important in any specification and always have a PIP between 0.2 and zero. In
general, the PIP of every variable for k =5 is lower than in our preferred specification. The PIP
of most variables is reduced because the lagged dependent variables, commodity terms of trade
and exchange rate undervaluation are always included in all regressions, which leads to all other
variables being excluded in small models. This reduces the PIP of these variables since small
models receive the largest weighting. For k = 15 the PIP of every variable is generally higher
than in our preferred specification and the converse reasoning applies in this case.

In contrast to the binomial prior with the same value of k the beta-binomial prior is more spread
out across different model sizes and has more probability mass on small models. The model
likelihood, corrected for the combinatorial effect of overweighting medium-sized models, is also
more concentrated on small models with virtually no probability mass on models with more
than 10 variables. As a consequence the use of the beta-binomial prior leads to smaller posterior
model sizes than the binomial prior (Figure A.1 — Panel c in Annex). The lower posterior model
size has repercussions on the PIP of the explanatory variables, which is also generally lower for
most variables (Figure A.1 — Panel d in Annex). As described above, this is due to the fact that
certain variables are (almost) always included in the regressions and therefore leave less room
for other variables in small models. Despite these small quantitative differences, the general
results remain qualitatively unchanged. The lagged dependent variable and commodity terms of
trade are still the most important variables. Exchange rate undervaluation remains important,
but is now no longer always included for k = 5 and k = 10. Energy consumption, government
consumption, capital per worker, capital flows and arable land still have a PIP which is markedly
larger than zero. All other variables have a PIP very close to zero as before. The only exception is
GDP growth volatility which turns out to be important for small model priors.

Effects through the building blocks of capabilities: diversification and ubiquity

In the preceding econometric analysis, we have treated the capabilities variable as an abstract
measure for the export potential of a country. Additional insights into the relation between the
capabilities measure and our set of explanatory variables can be gained by considering its
relation with the international export data that it is based on. The capabilities variable is
computed by combining the diversification of a country — the 0" country moment — with the
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ubiquity of the goods — the 0™ product moment — it exports using a bi-partite network
representation of world trade. Intuitively, diversification and the average ubiquity of goods have
the following relation to capabilities. A highly diversified country requires many different skills
to produce the large number of goods it exports and therefore should have a high level of
capabilities. Similarly, a country whose goods are on average not very ubiquitous has skills that
are scarce and therefore also should have a high level of capabilities relative to other countries.
The 1%t country moment is the average ubiquity of the goods a country exports. The 274 country
moment is the average diversification of the countries that export the products a country exports
and so forth. That means that initially even country moments are more related to the
diversification of a country and odd country moments are more related to the ubiquity of goods.
Note that the two sources of information become increasingly intertwined and, when
standardised, eventually converge to the same values in absolute terms, which is the measure of
capabilities proposed by Hidalgo and Hausmann (2009).

Additional regressions using lower country moments can therefore determine whether the
explanatory variables that turned out to be strongly associated with high capabilities are more
related to a) the diversification of a country, b) the average ubiquity of the products it exports or
¢) a non-trivial combination of the two sources of information. To this end we re-ran our model
averaging algorithm for the long sample with the same variables as before, but instead of using
the capabilities measure as the dependent variable, we included the diversification (the O®
country moment) and the average ubiquity of the goods a country exports (the 1 country
moment) in the regressions.

Figure A.2 in the Annex shows the PIP of all explanatory variables arranged by their importance
in our baseline estimation as a function of country moments. As one might expect, there is a lot
of persistence in the export structure of countries and hence the lagged dependent variable is
always included in all regressions. The same applies — albeit at lower PIP values — for capital per
worker. The results also indicate when the capabilities measure really adds some value and
extracts higher-order information about capabilities that is neither exclusively contained in a
country’s diversification nor average product ubiquity. Here we can differentiate between two
cases. First, there could be a strong relation of an explanatory variable with capabilities that does
not fully show up with either export diversification or average product ubiquity. This is the true
for the variables that turned out to be key determinants of capabilities in the previous section,
which show only a medium (commodity terms of trade, currency undervaluation, government
consumption) and a very low association (energy use capital flows, arable land) with product
ubiquity and almost no relation with diversification. This means that price conditions and
government consumption exert their influence on capabilities particularly through their impact
on product upgrading, but that additional information extracted by the amalgamation of product
and country information accounts for the major part of the effect. Second, an explanatory
variable could be irrelevant for capabilities, while considering diversification and average
product ubiquity alone might lead us to conclude that there is an association. This is the case for
the dependency ratio and population size, which seem linked to average product ubiquity but
not capabilities, and for tertiary schooling, GDP growth volatility, foreign exchange reserves,
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agricultural land, capital account openness, phone lines per capita and life expectancy, which
matter for diversification but not for capabilities.
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IV. CONCLUSION

As recent contributions to the literature on international trade and economic growth have
argued, the structure of exports — in particular the sophistication of exports baskets — is a good
predictor of subsequent economic growth (Hausmann et al, 2007; Hausmann and Hidalgo, 2011).
Therefore, it is important to understand what structural conditions of the economy as well as
variables amenable to policy action are associated with export capabilities. Our paper’s
contribution is to analyse empirically what variables from a large set of potential drivers are
significantly and robustly associated with export capabilities. In order to do so, we have used a
Bayesian model averaging approach that can handle a very large number of explanatory
variables without the need for model selection.

Our results show that commodity terms of trade are negatively associated with export
capabilities, such that an increase in the relative price of commodity exports to manufacturing
reduces export capabilities. This result is robust to different sample periods, estimation methods
and priors regarding the prior expected model size. Furthermore, our disaggregated analysis on
the moments associated with diversification and ubiquity show that the negative effect on export
capabilities of commodity terms of trade changes takes place mainly through the product
upgrading channel related to ubiquity rather than product diversification. We also find a positive
and significant effect of the lagged dependent variable, which emphasises the importance of
considering capabilities as a stock that evolves rather slowly over time. In the case of real
exchange rate undervaluations, while the evidence generally indicated that it is important for
economic growth, the sign of its effect is less clear. Considering a sample starting in the mid-
1970s yields a negative effect of undervaluations on capabilities. This is consistent with Schroder
(2013) who actually finds a negative impact of real exchange rate deviation from their
equilibrium values, but does not support the results of Rodrik (2008) of a positive link to
economic growth, nor his conjecture that undervaluated exchange rate reduce costs associated
with self-discovery externalities or coordination failures. However, when considering a shorter
panel from the 1990s onwards, the PIP of this variable is significantly reduced and the sign of the
average estimated coefficient is reverted, becoming actually consistent with Rodrik’s paper.
Therefore, our paper is not conclusive regarding the use of exchange rate undervaluation as a
strategy to upgrade and/or diversify the export basket of a country. More research is needed to
sort out this issue.

Additional variables that have a relatively important and robust effect on capabilities include
energy availability, government consumption, capital per worker, arable land and capital
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inflows. The first three variables are positively related to export capabilities, probably reflecting
the availability of important inputs and public goods, as well as embodied technological change
in capital that allows for more diversification and product upgrading. The other two have a
negative impact on capabilities, showing that countries relatively abundant in land might
specialise too much in not very sophisticated goods, as well as the likely negative effects of
capital inflows on financial stability. However, these results are somewhat weaker, when
considering the last two decades only.

Finally, focusing on the most recent period, a couple of policy relevant variables appear to have a
more important role in determining export capabilities. In particular, FDI attraction and tertiary
education have a positive and robust impact on export capabilities from 1991 onwards. A
possible interpretation is that these policy drivers have become more relevant in an era of
globalization that has allowed a greater fragmentation of the production process across national
borders and where technological change has been skilled-biased. If this process is to intensify,
policies that facilitate the accumulation of the relevant human capital and facilitate the
integration into global value chains might be successful in strengthening also export capabilities.

Looking forward, many questions remained unanswered. In particular, the need to have a
relatively long and balanced panel has not allowed us to explore the importance of additional
variables, such as different economic and political institutions as well as regulation such as
production market regulations for entry, exit and competition in markets. Exploring these
aspects would be a necessary step to map results into more concrete areas of policy
recommendations, beyond promoting investment and human capital accumulation. In the
meantime, some countries might learn from other countries that have successfully upgraded
and/or diversified their economies despite having a large commodity export sector.
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ANNEX

Table A.1. BACE results for the LSDVC estimator, long panel (5-yr averages)

PIP E@ly) E@ly, ) Var(8ly) p(@>0lyI)

Capabilities(t-1) 1.000 0.505 0.505 0.113 1.000
Commodity terms of trade 1.000 -0.051 -0.051 0.030 0.000
RER undervaluation 1.000 -0.009 -0.009 0.043 0.040
Energy use 0.816 0.027 0.033 0.203 0.708
Government consumption 0.638 0.042 0.066 0.093 1.000
Capital per worker 0.552 0.074 0.134 0.221 1.000
Capital flows 0.384 -0.012 -0.032 0.044 0.000
Arable land 0.226 -0.018 -0.081 0.226 0.000
Dependency ratio 0.156 -0.004 -0.025 0.078 0.017
Tertiary education 0.093 0.001 0.006 0.075 0.886
Population growth 0.078 0.001 0.008 0.057 0.828
Foreign direct investment 0.078 0.003 0.036 0.054 1.000
GDP growth volatility 0.077 -0.002 -0.021 0.033 0.000
Foreign exchange reserves 0.068 0.001 0.012 0.033 1.000
Energy production 0.062 -0.001 -0.021 0.112 0.000
Domestic credit 0.062 0.000 0.004 0.058 0.747
M2 0.043 0.001 0.018 0.068 1.000
Agricultural land 0.040 0.002 0.056 0.154 1.000
Real GDP growth 0.040 0.000 -0.010 0.023 0.000
Life expectancy 0.040 0.000 0.004 0.082 0.639
Average years of schooling 0.037 0.000 -0.006 0.119 0.041
Current account balance 0.033 0.000 0.006 0.028 0.719
Telephone lines per capita 0.028 0.001 0.039 0.126 1.000
Trade openness 0.026 0.002 0.064 0.073 1.000
Capital account openness 0.003 0.000 -0.047 0.045 0.000
Secondary education 0.002 0.000 -0.025 0.050 0.000
Gross capital formation 0.002 0.000 -0.012 0.026 0.000
Inflation 0 0 0 - -

Real GDP 0 0 0 - -

Population 0 0 0 - -
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Table A.2. PIP and E(0|y) for the LSDV estimator and for the short panel specification

PIP E6ly)

LSDVC LSDV 1991 — LSDVC  LSDV 1991 —
Capabilities(t-1) 1.000 1.000 0.999 0.505 0.479 0.495
Commodity terms of trade 1.000 1.000 0.942 -0.051 -0.057 -0.029
RER undervaluation 1.000 0.031 0.317 -0.009 0.000 0.006
Energy use 0.816 0.054 0.008 0.027 0.003 0.000
Government consumption 0.638 0.206 0.044 0.042 0.010 0.001
Capital per worker 0.552 0.880 0.998 0.074 0.149 0.559
Capital flows 0.384 0.321 0.162 -0.012 -0.009 -0.002
Arable land 0.226 0.031 0.266 -0.018 0.000 -0.076
Dependency ratio 0.156 0.048 0.332 -0.004 -0.001 -0.034
Tertiary education 0.093 0.027 0.295 0.001 0.000 0.033
Population growth 0.078 0.029 0.840 0.001 0.000 -0.051
Foreign direct investment 0.078 0.056 0.728 0.003 0.001 0.023
GDP growth volatility 0.077 0.139 0.124 -0.002 -0.003 -0.002
Foreign exchange reserves 0.068 0.030 0.037 0.001 0.000 0.000
Energy production 0.062 0.047 0.031 -0.001 -0.002 0.001
Domestic credit 0.062 0.029 0.260 0.000 0.000 -0.012
M2 0.043 0.029 0.063 0.001 0.000 -0.001
Agricultural land 0.040 0.049 0.397 0.002 0.003 0.083
Real GDP growth 0.040 0.046 0.048 0.000 0.000 0.000
Life expectancy 0.040 0.029 0.024 0.000 0.000 0.001
Average years of schooling 0.037 0.030 0.088 0.000 0.000 0.009
Current account balance 0.033 0.034 0.012 0.000 0.000 0.000
Telephone lines per capita 0.028 0.048 0.095 0.001 0.002 0.007
Trade openness 0.026 0.092 0.025 0.002 0.003 0.000
Capital account openness 0.003 0.064 0.016 0.000 -0.001 0.000
Secondary education 0.002 0.031 0.015 0.000 0.000 0.001
Gross capital formation 0.002 0.042 0.085 0.000 0.000 -0.003
Inflation 0 0.030 0.051 0 0.000 0.001
Real GDP 0 0.050 0.072 0 -0.001 -0.018
Population 0 0.032 0.006 0 -0.001 0.003
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(a) Posterior model probability distribution for different values of the prior expected model size
of the binomial prior. (b) Posterior inclusion probability of all variables for different values of the
prior expected model size of the binomial prior. (c) Posterior model probability distribution for
different values of the prior expected model size of the beta-binomial prior. (d) Posterior
inclusion probability of all variables for different values of the prior expected model size of the
beta-binomial prior.
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Posterior inclusion probability of all explanatory variables arranged by their importance in our
baseline estimation (grey bars) as a function of country moments. 0: 0% country moment —
diversification (blue bars). 1: 1t country moment — average ubiquity of the goods a country
exports (orange bars). c: converge even country moment - capability variable (grey bars).
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