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Economic complexity, export diversification and sustainable growth in

oil-rich countries: the case of Saudi Arabia”

Abstract

This research has a two-fold objective. First, it aims to study the economic complexity of
the Saudi economy through the measurement of the diversity and ubiquity of its
exportations. We assess our analysis on the concept of the “Economic Complexity Index”
developed by Haussmann and Hidalgo (2009) in order to rank Saudi Arabia among
developed and oil-rich countries. We also use the concept of “product space” to visualize
the path Saudi Arabia can borrow to diversify its export products and identify the know-
how required to produce them. Second, we study the effect of economic complexity on
development and sustainable Saudi economic growth. In this regard, many empirical works
have confirmed a positive link between economic complexity of a country and its rate of
economic growth. Moreover, such works showed that countries with more sophisticated
products and highly diversified production grow faster and are usually more advanced.
Our empirical results show that there exists a causal relationship between the economic
complexity index and economic growth in Saudi Arabia during the period 1980-2019.
Moreover, the interaction between economic complexity and human development indicator
has a positive impact on economic growth. We believe that the empirical findings of this
study can offer several conspicuous implications and operational recommendations for
policymakers and regulators in Saudi Arabia, especially when elaborating development

plans and industrial strategies.
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Introduction

The production and spread of knowledge is cucial for a countries' comprehensive and
sustainable development. Hidalgo and Hausmann (2009) introduced the Economic
Complexity Index (ECI) to measure the complexity of a country's economy. This index is
based on the effective role of knowledge. It allows to explain the differences in the level
of per capita income and the rate of economic growth and development of countries.

Literature on economic development was initiated beginning in the second half of the
previous century by Lewis (1955), Rostow (1959), Kuznets (1966), and Chenery and
Taylor (1968), among others. These authors view development and growth as a process of
structural transformation of the productive structure. They argue that in order to develop,
societies should transfer resources from activities of lower productivity into activities of
higher productivity. This theory has been revised recently by Hidalgo et al. (2007), Hidalgo
and Haussmann (2009), and Felipe et al. (2012), among others. According to this new
strand of literature, the development and economic growth of countries are mainly
explained by the complexity of their productive structure and by-product diversity. They
argue that the capacity of a country to accumulate capabilities in order to produce more
sophisticated goods explains its performance. Moreover, they document that knowledge-
based societies, where investment in science and research-development is a priority, are
susceptible to be more innovative and create sophisticated products, a source of
competitive advantages. In this regard, empirical works show that countries with more
sophisticated products and more diversified production grow faster, experience sustainable
development, and are usually more economically advanced. Consequently, raw materials
based countries experience low level of their exports and are at risk of being trapped in a

Dutch disease condition.

As an oil-rich country, during the past decades, Saudi Arabia has assessed its economic
growth process on mineral-product exportation. While the country has a promising pattern
of export growth through diversification, the structural transformation (reallocation of

economic activity from low to high productivity sectors) has started but very slowly.

! According to Haussmann and Hidalgo (2009) the frontiers of what a country can produce is conditioned
by the combinaition of productive capabilities which are all inputs, technologies, and ideas.



Recently, and since 2003, Saudi Arabia has introduced only 17 new products, and these
products contributed to $143 in income per capita in 2018, but this diversification and
complexity remain too small to contribute to economic growth (Atlas Economic
Complexity 2019).

This paper aims to study the economic complexity of the Saudi economy and its product
space in order to identify what products could increase the complexity of Saudi’s economy
and which strategy should Saudi Arabia adopt in the future. We also study the interactions
and causality feedbacks between economic complexity, human capital and economic
growth during the period 1980-2019. The remaining of this paper will be organized as
follows: section two reviews the concept of economic complexity and its measurement as
it has been proposed by Hidalgo and Haussmann (2009, 2014) with an illustrative example
of the method of reflections. Section three uses calculations elaborated by the Atlas
Economic Complexity Center and Economic Complexity Observatory to analyze Saudi
economic complexity and its product space. Section four explores interactions and
causality feedbacks between economic complexity, human capital development, and
economic growth using ARDL methodology. Section five proposes some policy

recommendations and concludes.
2- Methodology
2-1- Economic Complexity: Concept and Measurement

Following a series of recent contributions (see among others, Hidalgo et al. (2007, 2014),
Hidalgo and Haussmann (2009, 2010, 2011, 2014)), the last decade has seen the
development and refinement of theoretical and empirical methods to apprehend and
quantify economic complexity. According to Hidalgo et al. (2014), economic complexity
can be defined as a measure of the amount of knowledge that society can mobilize. This
definition implies that economic complexity measures two fundamental phenomena for
development and competitiveness. The first concerns the existence of diversified
accumulated knowledge, know-how, or the tacit ability to produce products. Know-how
refers to productive knowledge that allows societies to grow faster by creating a wider
variety of products and increasing their complexity. In a given society, know-how and

capabilities are distributed in tiny parts among individuals (each individual can have



particular skills: scientific, technological, design, finance, marketing ...). This quantity of
knowledge does not increase by the multiplication of the same knowledge among
individuals, but by their diversification and specialization. In fact, the more sophisticated
the product, the greater number of individual knowledge and capacities are required to
produce it. The second phenomenon concerns the capacity of society to mobilize this
knowledge and capacities. For a country, the amount of knowledge effectively mobilized
depends on the quality of institutions, whether they are organizations or markets.

In practice, it is very difficult (even impossible) to determine exhaustively the productive
capacities of a country and the degree of interactions between them. To overcome this
difficulty, Haussmann and Hidalgo (2009) propose an indirect measure based on neuronal
techniques. They propose the concept of the “Economic Complexity Index” (ECI) based
on the idea that productive capacities and knowledge endowments of a country can be
revealed by exported products. The calculus of ECI takes into account the diversity (the
number of products that a country can produce and export competitively) and ubiquity (the
number of countries exporting the same product). The main idea behind ECI is that
sophisticated and diversified economies export products that, on average, have low
ubiquity, because only a few countries have the capabilities and know-how to produce and
export such products. To measure these two dimensions (diversity and ubiquity),
Haussmann and Hidalgo (2009, 2014) propose the method of reflection allowing to avoid
the limit of each dimension and corrects the information contained in each one. In practice,
from one side, diversity suffers from the fact that two countries having different levels of
development can export the same number of products, but of very different levels of
sophistication. On another side, ubiquity suffers from the existence of certain products that
few countries export, but their low ubiquity is not explained by particular knowledge, but
by chance of geology or climate, which is the case of mineral-rich countries like Saudi
Arabia.

The method of reflections consists, for a country, to calculate iteratively the average
ubiquity of the products it exports and the average diversity of the countries that export the
same products. Symmetrically, the measure of the complexity of a given product involves
the calculation of the average diversity of the countries that export that product and the

average ubiquity of the other products that these countries export. Practically, in order to



identify those products, the method of Haussmann and Hidalgo (2009, 2014) consists in
the construction of a bipartite network of countries and products they produce and, for a
number of iterations, N > 1, iteratively calculates measures of diversification and

ubiquity that are generalized as follows:

CN_ EMcpkpN 1
pN— chpch 1

where M, is the adjacency matrix summarizing the connections between countries and
the products they export. When M, = 1 this means that country c is a significant exporter

of product p and 0 otherwise. For a country c, if the Revealed Comparative Advantage
(RCA)? (the share of product p in the export basket of country c to the share of product p
in world trade) is greater than some threshold value, which usually taken as 1, it is said to
be a significant exporter of the product p.

The number of links of countries and products defines initial conditions as follows:

keo = Z Mep diversity
p

Kpo = Z Mep ubiquity
C

For a country c, k¢ and kp, o are, respectively, the observed levels of diversification and
the ubiquity of a product p . Hence, each country is characterized through the vector K. =
(ke0s Ke15 ke2--ken) and each product is characterized by the vector K, = (kp 0, kp 1,
Kp2... kpn). For products, odd variables are related to the diversification of countries

exporting those products, whereas even variables are related to their ubiquity and the

2 Balassa (1964) states that a country ¢ has a comparative advantage in product p if RCA is larger than 1,
where RCA stands for the Revealed Comparative Advantage defined as follows:

ch /Zp ch

RCAG, =
P Zcxcp/Zc Zp ch

where X, is the total export of country c in product p.



ubiquity of other related products. For countries, odd variables (kcq, kc3, k¢ ....) are
generalized measures of the ubiquity of their exports, whereas even variables (k, k2,

ke 4 ....) are generalized measures of diversification.

To capture the method of reflection and understand how the diversity should be corrected
to ubiquity to reflect a country’s capabilities, consider the following simple example.
Suppose we have 4 countries (¢;,j = 1,2,3,4) and 4 products (p;,i = 1,2,3,4) and the
following scheme of exportation (figure 1): country 1 exports the 4 products, country 2

only exports, p,, country 3 exports, p; and, p, and country 4 only exports, p,.

Figure 1: Method of reflections (4 countries, 4 products)

»
»

Then we can write the diversity of countries and ubiquity of products for iterations 0, 1,

and 2 as follows:

Iteration O

Diversity Ubiquity

ke, 0 =4 kp o=1

ke,o0=1 Kp,o =2

Ke,0 =2 Kp,o =2

kc,o=1 Kp,0=3

Iteration 1

Diversity Ubiquity

1 1
kepn= QU +2+2+3)=2 kpyy = (5)4 =4



Ky = (3)2=2 k1= (3) (4+1) =25

kesa = (3) 2 +3) =25 Kps1 = (5) (4+2) =3

Ky = (3)3 =3 Kpas = (3) (4+2+1) =2333
Iteration 2

Diversity Ubiquity

keiz = G)(4+ 2.5+ 3 +2.333) = 2.9583 Kpio = (3)2 =2

Keyo = (1) 25 =25 kezo = (5) (2 +2) =2

Kesz = (5) (3 +2333) = 2.666 kesz = (5) (2 +2.5) = 2.25
Kesz = (1) 2.333 = 2.333 Kpso = (3) (2 +25+3) =25

We observe that after two iterations, country c; is ranked first, followed by country cs, c,,
and c,. While c, and c, export each only one product, the process ranks c, before c,. The
reason is that c, exports a more non-ubiquitous product, namely, p,, which is exported
only by ¢, and ¢, , while c, exports p, which is also exported by c; and c;.

It is clear that at each step, diversity is corrected by ubiquity and vice versa. New
information about the countries and products of each iteration is taken into account in the
following iteration. Iterations will stop when the process converges and this represents the
Economic Complexity Index (ECI) of each country. Haussmann et al. (2011) show that the

process converges at the 18™ iteration.

3- Measuring Economic Complexity in Saudi Arabia
Nowadays, the world economy is changing rapidly and each country looks to diversify its
production in order to make a place in the global chessboard. Countries are continually
creating competitive advantages to cope with competitive pressures exerted by
competitors. Recent literature retains three main sources of export performance:

e Export diversification, based on county's characteristics such as income level and

revealed comparative advantage.
e Product-space that illustrates the relatedness of a country's exports and paths to

diversify its economy based on the connectedness of its know-how.



e Economic complexity, a measure of the amount of knowledge that society can
mobilize.

Consequently, production and export patterns reflect, for each country, historical
circumstances and geographical position. Saudi Arabia is endowed with considerable
mineral resources and a strategic position. Consequently, it has the potential to become a
more complex and diversified economy.
In this section, we look to determine Saudis’ economic complexity and position in the
product space. This analysis will allow assessing the current extend of productive
knowledge in Saudi Arabia and identify the exported products with the corresponding RCA
greater than the unity. It also allows pointing several emergent sectors for which Saudi
Arabia may be able to leverage for future diversification. It is then worthy to have an

outlook of the main products Saudi Arabia exports for which the country has an RCA>1.

3-1 Exports structure and revealed comparative advantage

Saudi Arabia’s economy has been largely dependent on oil and related derivatives, which
account, in 2019, for about 80% of its export earnings, 70% of government revenues, and
more than 40% of GDP. Figure 2 shows that during the last two decades, Saudi exports
were highly dominated by mineral products with a diminishing share in world exportations
as they represent 13% in 1998 and only 6% in 2018, followed by chemical products which
have never surpassed 2%. The top five exports of Saudi Arabia are crude petroleum, refined
petroleum, ethylene polymers of ethylene, acyclic alcohols, and polymers of propylene (see
figure 3 and table 0). These five products participate approximately to 75% of total
exportations with a dominant share of about 57% for crude oil.

In the objective to reduce the country's dependency on oil and diversify its economic
resources, Saudi authorities launched in 2016 Saudi Vision 2030. The reform program is
wide-ranging, but the main element is large-scale privatization. Its first step was the sale
of less than 5 percent of the shares of Aramco, the most valuable oil-producing company
in the world. In addition, the program aims to monetize the country’s geographical position
by the construction of a logistic transport highway from Egypt to Saudi Arabia. Moreover,
the plan aims to increase the share of small businesses’ economic contribution to attain

35% of GDP in 2030. Reforms also concern the development of the non-oil sector of raw



materials and renewable energy. Moreover, the reform program includes strategies to
develop tourism by creating coastal resorts on the Red Sea and investing in science and
education.

In five years’ experience, this strategy has led to an increase in the share of the non-oil
industrial sector and to more diversification. The number of exported products for which
Saudi Arabia has an RCA bigger than one has increased from 25 in 2014 to 57 in 2018 (see
table 1). The calculation of RCA and color group will help to visualize products in the
product space.

Figure 2: Export structure of Saudi Arabia 2018
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Figure 3: Main Product-Exportation share 1995-2018
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Table 1: Revealed Comparative advantage for Saudi Arabia 1995-2018

1995
Product RCA

Minerals
Minerals
Minerals
Minerals
Minerals
Minerals
Chemicals
Chemicals
Chemicals
Chemicals
Chemicals
Chemicals
Chemicals
Chemicals
Chemicals
Chemicals
Chemicals
Chemicals
Chemicals

Textiles

Metals
Metals
Metals
Metals
Metals
Metals
Metals
Metals
Machinery

191
117
3.33
128
4.06
6.58
3.33
176
5.85
4.78
122
489
208

14
127
742
118
3.9
128
135
171
4.39
117

24
2.87
152
1.08
185
131
177
105
1.94
121
2.82
138
291
195
112

2000

Product RCA

Minerals
Minerals
Minerals
Minerals
Minerals
Minerals
Minerals
Minerals
Chemicals
Chemicals
Chemicals
Chemicals
Chemicals
Chemicals
Chemicals
Chemicals
Chemicals
Chemicals
Chemicals
Chemicals

Textiles

Metals
Metals
Metals
Metals
Vehicles
Machinery

2.07
2.67
3.63

48
149
175
12,6
2.46
2.74
122

2.6
129
241
2.93
149
1.99
118
8.55
3.55
9.12
2.55
2.26
2.12

15
131
123
112
1.52

12

21
1.69
2.46
127

2006
Product

Minerals
Minerals
Minerals
Minerals
Minerals
Minerals
Minerals
Minerals
Minerals
Chemicals
Chemicals
Chemicals
Chemicals
Chemicals
Chemicals
Chemicals
Chemicals
Chemicals
Chemicals
Chemicals
Chemicals

Textiles

Metals
Metals
Metals
Vehicles
Vehicles

Source: Observatory of Economic Complexity

RCA

158
115
6.46
146
1.05
182
9.29
1.96
1.86
3.87
3.18

17
3.15
183
2.04
9.92
9.51
8.05
382
3.01
7.57
478
2.63
244
134
1.96
138
129

11
101
1.04
5.16
1.26

2010
Product RCA

Minerals

Minerals

Minerals

Minerals

Minerals

Minerals

Chemicals
Chemicals
Chemicals
Chemicals
Chemicals
Chemicals
Chemicals
Chemicals
Chemicals
Chemicals
Chemicals
Chemicals
Chemicals
Chemicals
Chemicals

Textiles
Textiles

Metals
Metals
Vehicles
Vehicles

255
143
117
5.68
163
9.16
129

11

3.7
219
1.89

18
2.39
8.87
7.06
5.36
245
127
118

2.6
119
221
543
5.15
1.62
1.07
178
121
2.02
173
172
144
297
2.24

2014
Product RCA

Minerals

Minerals

Minerals

Minerals

Minerals

Chemicals
Chemicals
Chemicals
Chemicals
Chemicals
Chemicals
Chemicals
Chemicals
Chemicals
Chemicals
Chemicals
Chemicals
Chemicals
Chemicals

Metals
Vehicles
Vehicles

151
3.58
159
9.01
123
433
474
154
132
175
7.39

23
115
2.28
172
138
151
3.97
543
5.52
144
143
124
5.96
8.48

10

2018
Product RCA

Minerals

Minerals

Minerals

Minerals

Minerals

Minerals

Chemicals
Chemicals
Chemicals
Chemicals
Chemicals
Chemicals
Chemicals
Chemicals
Chemicals
Chemicals
Chemicals
Chemicals
Chemicals
Chemicals
Chemicals
Chemicals
Chemicals
Chemicals
Chemicals
Chemicals
Chemicals
Chemicals
Chemicals
Chemicals
Chemicals

Textiles

Metals
Metals
Metals
Metals
Metals
Metals
Metals
Metals
Metals
Vehicles
Vehicles
Vehicles
Vehicles

12
112
3.46
1.04
139

7.2
1.76
9.98
2.15
1.06
137
136
153
2.22
4.03
133
487
2.16
116
5.67
1.09
2.21
423
132
111
2.99
3.46
3.78
111

11
1.36
111
9.53
113
178
2.88
2.51
139
3.02
1.07

15
2.38
142
319
1.04
2.09
159
2.08
1.46
163
123
183
146
244
6.93
101
6.06



11

For a country, a value of RCA equal to 3, for example, means that per capita exports of
the product in question are three times the world’s exports per capita. From table 1 we can
observe that the number of products with RCA>1 has been multiplied by more than two
between 2014 and 2018. In addition, a study by Chemingui and Park (2019) shows that
Saudi Arabia has reduced the proportion of products of level 9 in the scale of sophistication
from about 90% in 2006 to about 64% in 2016 (see figure 4). This ascertainment proves
that Saudi Arabia has begun its structural transformation and improved its production
sophistication. Its product space is denser and contains more sophisticated products with
high RCA.

Figure 4. Comparative changes in the structure of exports by sophistication level (in
%) in 2006 and 2016: Saudi Arabia versus the OECD countries.

100.0%

N~
o
[

;

—@—Saudi Arabia 2016 -~ OECD 2016 Saudl| Arabia 2006 OECD 2006

Source: Chemingui and Park (2019).

3.2 Saudi Arabia economic complexity ranking

Based on the methodology developed in section 2, Hidalgo and Haussmann (2009, 2010,
2011) have elaborated the Economic Complexity Index (ECI) to rank countries according
to the complexity of their exports. The ECI takes into account the two dimensions of
diversity and ubiquity. The index of economic complexity reveals the accumulation of
productive knowledge and capabilities by a country and their use to produce more complex
products. A high ECI indicates that the country has specialized and sophisticated
capabilities and has, therefore, potentialities to produce a highly diversified set of complex
products. The calculated index takes values between -2.5 for less complex countries and

2.5 for the more complex ones. From 2000 till 2019 the ranking of Saudi Arabia and its
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ECI have a saw-tooth trend with a net progression during the last five years in concordance
with the implemented reforms. In 2019, Saudi Arabia had an ECI of 1.002 making it the

29" most complex economy in the World.
Figure 5: Economic Complexity Index for Saudi Arabia 1980-2019

ECI8O0
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1.0
0.8
0.6
0.4
0.2
0.0

-0.2
1980 1985 1990 1995 2000 2005 2010 2015

Source: Authors' and OEC.

Figure 6: Economic complexity index and ranking evolution of Saudi Arabia
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Compared to its main trade partners Saudi Arabia is behind developed countries but is
better classified than India and UAE. When compared to oil-rich countries, Saudi Arabia
surpasses all its rivals and is only surpassed by the USA. Compared to MENA countries,
Saudi Arabia is classified first since 2012 till nowadays surpassing Jordan and Tunisia
that were leaders till 2012.

Figure 7: Economic complexity ranking of Saudi Arabia and its main trade partners

1995 2000 2005 2010 2018

GerABRY 2 2 3 1 Japan

G 4 Germany

JSA
L 9 12 11 USA

18 China

36 Saudi
Arabia
42 India

Lia 48

Arabia

India 60 62 UAE

UAE70

Source: Atlas of economic complexity.

Figure 8: Economic complexity ranking of Saudi Arabia and oil-rich countries

2000 2005 2010 2018

111 USA
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—— 110 —

N 103

Source: Atlas of economic complexity.
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Figure 9: Economic complexity ranking of Saudi Arabia and MENA countries

1995 2000 2005 2010 2018

Jordan 30

36 Saudi
Arabia

46 Tunisia
51 Jordan

Saudi48
Arabia

62 UAE

Tunisia 66 66 Egypt
UAET70

Egypt74

Libya82

Morocco 91 91 Morocco

Algeria 100

114 Mauritania

122 Algeria
Mauritania 125

128 Libya

Source: Atlas of economic complexity.

The different graphics comparing Saudi Arabia's complexity ranking to developed
countries, oil-rich countries, and developing countries indicate an improvement in the level
of economic complexity relative to its pairs. In this sense, Saudi Arabia progressed between
2000 and 2018, from 66™ rank to 36" out of 125 countries. These positive changes in the
classification by level of economic complexity imply that the productive structure of the
country has evolved. According to Hidalgo et al. (2007), the acquisition of a new product
position does not happen randomly but is based on the existence of already productive

knowledge.

3-3 Discovering new products at Saudi’s knowledge frontier
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We try to identify which products could increase the complexity of Saudi’s economy,
resulting in a more diverse and attractive product mix, but lic nearby Saudi’s current
capabilities so as to be feasible. These “Frontier Products” should satisfy many criteria: (i)
they are more complex than Saudi already exports, (ii) they are feasible given Saudi’s
productive knowledge, and (iii) they open up paths for future diversification.

To do so, we follow Haussmann and Hidalgo (2011) and use measures of product
complexity (PCI), Proximity (Distance between products), and opportunity gain.

To be optimal, a country should diversify by creating new products that have the highest
PCI, shortest distance, and highest opportunity gain. However, it is usually difficult to
attain simultaneously the three properties and the country should make a trade-off.

For most countries, we usually observe that the products that have the highest PCI and the
highest opportunity gain are farthest away in terms of Distance.

Product Complexity Index (PCI): this index captures the amount and sophistication of
know-how (capabilities) required to produce a product. It allows ranking the diversity and
sophistication of the productive know-how required to produce a product. Using definitions
of diversity and ubiquity presented below, for a country c and products p; and p, we can

set PCI as follows:

PCI _ MClesz

P1,P2 —
P kC,OkPl,O

Proximity: it determines how far or nearby a country is to a new product. It captures the
ease of obtaining the know-how needed to move from a product to another product. We
use the minimum conditional probability to calculate the proximity between any two

products, that is if a country exports one also exports the other®.

Op,,p, = Min(P(p1|p2), P(p2p1))
For example, suppose 20 countries export product p;, 28 export product p,, and 12 export

both, all with RCA>1. The minimum conditional probability is:

3 Hidalgo and Haussmann suggest taking the minimum probability of product P, , given product P,, and
vice versa, since conditional probabilities are not symmetric.
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12 12
20’28)
Then, the proximity between product p; and product p, is equal to 12/28=0.428. This

epl, p, = min(

means that a country that exports p; has a 42.3% of chance to export p,.
Formally, for a country c, exporting product p; will also export product p,, the minimum
conditional probability is calculated as follows:

0 — e Mcp1 Msz
P1,P2 MaX(ko,pl' kp2.’0)

Then, the distance of a product is calculated as the sum of the proximities connecting that
product to all the products that the country is not currently exporting. Formally, for a
product p, and a country c, the distance is:

_ 2p(1-Mcp)Bp, p
cp1 —

d

ZP eplrp
A distance close to 0 means that the country produces and exports most of the products
connected to the product p, while a distance close to 1 indicates that the country exports

a small ratio of products that are close to p;.

The term (1 — Mcp) counts only the products the country is not currently producing.

Opportunity gain: it allows to measure the improvement of a country's position in the
product space by the development of a new product. It reveals the incidence of new
products on country's future opportunity for diversification. It accounts for the complexity
of the products not being produced in a country and the distance for how close to existing
capabilities that new product is. Using opportunity value which summarizes the value of a
country's strategic position in the product space, we can calculate opportunity gain as the
change in opportunity value from developing RCA in new product.

Formally, for a country c and a product p,, opportunity gain (OG) is as follows:

0
0Gyp = ) =22 —(1-M

)PCI
2 Zp3 9p3,p2 P2

Cp2
p

Where PCI,,, is the product complexity of the product p,. A higher value of OG indicates

that a product is in the proximity of more products and/or products that are more complex.
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According to Haussmann et.al (2011), countries with higher complexity have many
opportunities and vice versa. Having assessed the different measures to design product

space, we try in what follows to look to the case of Saudi Arabia.

3.4 Product space for Saudi Arabia 1995-2018 and scheme of evolution

The concept of product space introduced by Hidalgo et al. (2007) can be defined as the
network of relatedness between products and is used to study the evolution of a country’s
productive structure. Knowing the product space for a country can help to identify which
products might be developed based on existing know-how and capabilities. It’s easier for
a country to develop new products that have near neighbors in the product space and need
similar capabilities which are already present in the country. Moreover, if a country has the
requisite capabilities and know-how to produce a complex product, it can redeploy them
to make another. Consequently, the more the product space is dense the more the country
can jump to produce a set of new more sophisticated products. A country can’t accumulate
know-how in things that it doesn’t produce and can’t produce things without the requisite
know-how. According to Haussmann (2016), this dilemma could be solved when the
country diversifies into products requiring already existing know-how.

The intuitive analogy, developed by Haussmann (2016), of monkeys, jumping from a tree
to another in a forest and a country improving its economic complexity through product-
space is very informative to understand the country’s process of development. When the
forest (the product space) is dense, monkeys (countries) can progress rapidly and easily.
When trees (products) are distant from each other, monkeys (countries) need many
additional capabilities, that could not have, to progress.

The concept of product space shows that countries have different opportunities for
economic development: countries situated in the dense zone of the product space will have
many possibilities of diversification while those in the periphery will face many challenges

and are usually “stuck” at a certain level of income.

However, capabilities are not observed but according to Hidalgo and Haussmann (2009),
it is possible to weigh them in a country without making any assumption on their nature.

To create measures, their methodology incorporates information that combines the
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diversification of countries and ubiquity of products. They propose to measure complexity
and know-how indirectly by using trade data. In this vein, they construct a model in which
they combine two matrices, a country-capability matrix C.,, and a product capability
matrix Py, to obtain the matrix M, connecting countries to the products that they make or
export. In the matrix C., each row summarizes the capability endowment of country c,
while in the matrix P,, each row summarizes the capability requirements of product p.
Then Cc,=1 means that country ¢ has capability a and 0 otherwise and P,,=1 if product p
requires capability a and 0 otherwise. The system of matrices (C,, Pya, Mcp) is interpreted
as a bipartite network connecting countries to the capabilities they have, products to the
capabilities they require, and countries to the products they make or export.

According to this configuration, in a world composed by N, countries, N,, products, and

N, capabilities, a country can be located in the product space by the knowledge of the
products in which it has a comparative advantage. Moreover, by calculating the weighted
distance between products in which the country has a comparative advantage and those in
the neighborhood, one can calculate the probability that a country will improve its
comparative advantage and broaden its productive structure by looking at the possibility of
moving into new products.

Briefly, the product space provides a unique path of transformation for each country
depending on its capabilities and know-how taking into account proximity and distance
measurements.

In order to represent the product space of a country, researchers use nodes and colors. Each
node and color represent a product. The size of nodes represents the share of the product
in world trade and is proportional, but not linearly, to the complexity of the product. That
is, bigger nodes imply a high volume of trade.

In general, the product space demonstrates that products with high complexity have intense
connections with other products and are at the core of the product space. These products,
such as machinery or chemicals are usually produced by advanced economies. On the other
hand, low product complexity has weak connections and appears in the periphery of the
product space. These kinds of products, such as agricultural goods or mineral products are
usually produced by developing or less developed countries. Product space is then an

instructive tool to study the evolution of a country’s productive structure. Figure 10
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presents a typical product space for a given country and shows the localization of each

product or group of products in the product space.

Figure 10: Theoretical product space
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Source: Observatory of Economic complexity

The visualization of the product space for Saudi Arabia for different years (2018, 2014,
2010)* is presented in figures 11-12-13. We can depict that these nodes are very distant
from each other. Nodes representing minerals are the most important and are localized in
the periphery of the product space. The product space is dominated by grey nodes which
are products not produced by Saudi Arabia. This indicates that Saudi Arabia's existing
know-how affords a moderate number of opportunities to diversify into new more complex
products. To exploit nearby opportunities for future potential diversification, Saudi Arabia
should make long jumps into the product space.

Nevertheless, the product space of 2018 is relatively denser than prior years indicating that

the number of exported complex products (products with RCA>1) has substantially

4 See also for (1995, 2000, 2005) in the appendix.
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increased. This performance is essentially observed in the sector of complex chemical
products. This dynamic reveals the clear orientation of Saudi Arabia in the sophistication
of its economy. These efforts have been confirmed by the complexity outlook index, which

ranks, in 2018, Saudi Arabia 80" among 133 countries®.

Figure 11: Product space 2018 of Saudi Arabia
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Figure 12: Product space 2014 of Saudi Arabia

® The complexity outlook index measures the number of complex products which are near a country’s set of
productive capabilities.
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Source: Observatory of Economic complexity

Figure 13: Product space 2010 of Saudi Arabia

Source: Observatory of Economic complexity

3. Economic complexity and sustainable growth
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Recent theoretical and empirical works argue that the modernization of economies is
crucially based on the sophistication and complexity of their export products. For an
economy, product complexity reveals the amount of knowledge available in the country
and is a reflection of national production capabilities (non-tradable inputs). The more a
country has greater capabilities, the higher its productivity will be, and thus, the country
will grow rapidly and develop faster (Felipe et al. 2012). Rodrik (2014) argues that
economic complexity defines a wider term for capabilities and the accumulation of
capabilities is necessary for sophisticated production which induces higher economic
growth in the long run. According to Yildirim (2014), the process of diversification leads
to production sophistication which allows a country to jump to new and more productive

activities which is the key driver behind economic growth.

Many empirical works show that there is a positive relationship between diversification
and growth and between sophistication and growth. In recent papers, these two proprieties
of diversification and sophistication are represented through the new concept of the
economic complexity index. As has been assessed in previous sections, for each country,
the diversity and sophistication of the productive capabilities embedded in its exports are
an expression of its economic complexity. Most of the recent empirical works have
confirmed a positive association between the rate of economic growth of a country and its

economic complexity.

Furthermore, cross-country studies show that differences in income are mainly due to
complexity differences. Among others, Haussmann et al., (2011) find that on average
countries whose export baskets are less complex than their income tend to grow slower,

and those whose exports are more complex than their income tend to grow faster.

Analyzing the relationship between economic growth and complexity of 128 countries,
they find that complexity explains 73% of the variation of income per capita. More deeply,
Haussmann et al. (2011) compare the effect of complexity on growth with three other
determinants of growth, institutional quality, human capital, and competitiveness, and
conclude that the economic complexity index is the best contributor to economic growth.
In the same line, using a panel of 103 countries for the period 1970-2010, Bastos and Wang

(2015) examined the importance of diversification and complexity. They conclude that
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complexity and diversification have positive and significant effects on economic growth.
By controlling for years of schooling, labor force participation rate, and active population
and using the concept of product space density, Ferrari and Scaramozzino (2013) show that
countries with denser product space enjoy relatively faster growth. More recently, Camargo
and Gala (2017) by comparing the case of Nigeria and Indonesia as oil-rich countries,
examine whether Dutch disease can be explained through economic complexity. Their
empirical findings show that Dutch disease is identified only for Nigeria which has low
economic complexity. Using panel dynamic OLS for long-run effects and system GMM
for short-run effects and a panel of southeastern and central European countries, Stojkoski
and Kocarev (2017) find a significant and positive long-run relationship between economic

complexity and economic growth, but no evidence for a short run.

Literature (see among others Felipe et al. (2010)) shows also that the reason behind the
high growth rate of some Asian countries such as Korea, Singapore, and China during the
last decade, is due to a successful implementation of structural transformation these

countries have undergone.

Table 2 Shows that there is a high correlation between the degree of complexity and the
level of wealth of a country. That is, countries with high complexity also have relatively

higher GDP per capita and vice versa.
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Table 2: Complexity and GDP per capita Rankings for 2018

Rank | Country ECI | PCGDP $2010
1 Japan 2.43 | 48766
2 Switzerland 2.17 | 79235
3 South Korea | 2.11 | 28158
4 Germany 2.09 | 47314
5 Singapore 1.85 | 59073
6 Austria 1.81 | 27596
7 Czechia 1.80 | 23801
8 Sweden 1.70 | 57911
9 Hungary 1.66 | 16793
10 Slovenia 1.62 | 26760
36 Saudi Arabia | 0.67 | 20820
133 | Nigeria -1.90 | 2383

Source: Atlas economic complexity and World Bank.

In reality, most of the empirical studies on the relationship between economic complexity
and economic growth have been using cross-section or panel data. Works interested in one

country case are very scarce because of the lack of data.

One of the main goals of this research is to fill the gap in the literature and study the
effect of complexity on economic growth in Saudi Arabia and try to detect the possible
interaction effects between complexity and human capital on growth. One possible
motivation to detect such a connection is that we believe that there is unexploited
productive potential in Saudi Arabia and that the country is below the income expected
from its capability endowment and should develop all of the products that are feasible

with its existing capabilities.

4- Model specification, data, and econometric methodology

4.1 Model specification

The new theoretical framework developed by Haussmann et al. (2007) and Hidalgo et al.
(2007) relating the growth and development of countries to the complexity of products
they produce and export, received justified attention among researchers and generated

many empirical works. In this section, we aim to contribute to the economic growth-
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economic complexity nexus by studying the effects of economic complexity and
human capital on economic growth in Saudi Arabia. In this context, we estimate the

following model:

PCGDPG, = «a + B,;HDI, + B,ECI, + B3 (HDI, x ECI,) + Z YiXej + €

where PCGDPG; represents real per capita GDP growth as a measure of economic
growth, HDI; is human development index, ECI; is economic complexity index, and
Xt are control variables. In this model economic growth is mainly explained by the
economic complexity index (ECI) for all the considerations developed above, and by
human capital and the interactions between them. Accordingly, in endogenous growth
theory, the main driver of economic growth is human capital and its cooperation with
physical capital. Investment in education, which is the main component of human
capital, not only increases the productivity of the worker but increases the social rate
of return. In addition, more education helps to accumulate more capabilities which are

a source of economic growth (see, for example, Pelinescu (2015)).

In the literature, many other determinants of growth have been suggested and can be
divided into two main groups. The first group concerns macroeconomic variables such
as investment or gross capital formation to GDP ratio, inflation rate, school enroliment,
foreign direct investment, competitiveness, research and development investment, and
labor force participation rate. The second group is related to institutional variables that
measure the quality of the institution and good governance. In this paper, we consider
four control variables, trade openness, quality of institutions, foreign direct investment,
and gross capital formation ratio. The choice of control variables is assessed on
theoretical considerations. In both classical and Keynesian theory, investment is
recognized as the most important factor of growth. Increasing capital stock through
investment will help to increase aggregate demand generating short-run economic
growth. Moreover, investing in new capital goods could improve the productive

capacity of a country and increase the productivity of labor yielding long-run growth.
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The second control variable is trade openness (TO), measured by the weight of exports and
imports on GDP. New international trade theory developed by Krugman and Obstfeld
(2006) and Grossman and Helpmann (1991) recognizes that international trade helps
economic growth through innovation and knowledge diffusion. Moreover, as developed
previously there exist a link between export sophistication and the level of per capita GDP.
The third control variable is the foreign direct investment (FDI). The idea that inward FDI
helps recipient countries to accumulate capabilities and recombine them has been
introduced by Romer (1993) when developing endogenous growth models. The main idea
behind these models is that foreign investments is one of the most important channels for
the introduction of new ideas, and new products, into less developed economies that lack
the know-how to produce them. FDI can improve the average economic complexity of a
country, directly by producing technology and knowledge-intensive goods and indirectly
through the knowledge spillover that can occur between foreign multinational enterprises
and local firms. Then countries can increase product diversity and exclusivity and raise
their average complexity through their degree of attraction for FDI. The FDI-growth nexus
can then be interpreted through economic complexity By attracting more FDI, countries.
In this vein, Antonietti and Franco (2021), using a sample of 117 countries over 22 years,
show that increasing the amount of inward FDI per capita Granger causes improvement in
the country’s economic complexity.

The last control variable we introduce in our empirical model is institutional variable.
Many contributions argue that institutions’ quality is one of the main drivers of long-run
economic performance. Works by North (1990), Acemoglu et al. (2005) emphasized the
importance of institutions as “the rule of the game in a society”” and argued that the main
factor behind economic growth is institutions’ quality. Moreover, the quality of institutions
institutional enhances motivations to invest in human and physical capital and innovative
activities leading to more sophisticated products and a more complex economy. Hence,
countries can improve their human capital and enhance economic complexity through good

institutions and this could explain wealth differences across countries.
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4.2 Data sources and statistical proprieties of variables

4.2.1 Data sources

Our data are gathered from different sources. Two fundamental sources calculate the
economic complexity index, the Atlas of Economic complexity® developed by Haussmann
etal. (2011) and the Observatory of Economic complexity’ by Simoes and Hidalgo (2011).
In this work, we use the ECI calculated by Simoes and Hidalgo because it covers a long
period going back to 1961 and uses both Standardized International Trade Classification
(SITC) and Harmonized System (HS).

Macroeconomic variables such as per capita GDP, Exports, imports, and foreign direct
investment, and gross capital formation are from the World Development Indicators
(WDI)?® database of the World Bank. The human development index is from the Human
Development Report of the United Nations Development Programme (UNDP)®.

World Bank’s Worldwide Governance Indicators database (WGI) reports the rule of law,
government efficiency, and other indices of institutional quality. Nevertheless, data exist
only for the years 1996, 1998, and 2000—2014. Lucking many observations for the period
1980-2019, we have introduced such an index in our empirical model by estimating a
separate equation with the rest of the control variables.

In what follows we study the statistical proprieties of the series and run unit root tests to
determine the degree of integration of the series and assess the econometric methodology.

4.2.2 Statistical proprieties of the variables

Table 3 presents statistical indicators of the variables and table 4 concerns pairwise
correlation matrix. We can observe that there exists a positive correlation between

economic growth and economic complexity and between economic growth and human

6 https://atlas.cid.harvard.edu.

7 https://oec.world.

8 http://wdi.worldbank.org.

9 http://hdr.undp.org.
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development index, and between economic growth and their combined effect. Economic
complexity is positively correlated to human development and gross capital formation but
negatively influenced by trade openness and by foreign direct investment. The latter result
appears strange but could be explained in the case of oil-rich countries in general and in
the particular case of Saudi Arabia. In fact, exports of Saudi Arabia are dominated by
mineral products which present a low degree of sophistication and low level of complexity.
In addition, till recent years and before Saudi Arabia has assessed its new investment policy
and economic reform program in concordance with Vision 2030 which aims at improving
the investment environment in the country and promoting economic diversity, more than
66% of FDI were oriented to sectors producing low complex products such as, coal, oil and
natural gas, metals, and real estate. These intuitive results will be consolidated or mitigated
by econometric and causality tests.

Table 3: Descriptive statistics

PCGDPG ECI180 HDI ECI80HDI FDIP TOP GCFP
Mean -0.020864 0.334612 0.732283 0.256520 0.016355 0.741644 0.238336
Median -0.004842 0.305181 0.73990 0.219134 0.010437 0.714141 0.225623
Maximum 0.113127 1.002000 0.859000 0.855708 0.084964 0.961026 0.343505
Minimum -0.382104 -0.081941 0.583000 -0.047772 -0.019401 0.560884 0.156841
Std.Dev. 0.096355 0.210647 0.087074 0.184936 0.025947 0.111202 0.049674
Skewness -1.722659 1.466224 -0.084906 1.780878 1.069807 0.396269 0.592151
Kurtosis 7.035454 6.091250 1.754669 6.388837 3.337992 1.968621 2.249349
Jarque-Bera 46.92517 30.25846 2.632810 40.28387 7.820311 2.819766 3.276746
Probability 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
Sum -0.834570 13.38449 29.29130 10.26078 0.654195 29.66575 9.533423
Sum Sq. Dev 0.362090 1.730513 0.295639 1.333848 0.026257 0.482266 0.096232

Observations 40 40 40 40 40 40 40
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PCGDPG ECI180 HDI ECI80HDI FDIP TOP GCFP

PCGDPG 1.000000 0.357493 0.438624 0.319846  -0.057171 -0.259440 -0.229582
ECI80 1.000000 0.642433 0.990467  -0.112940 -0.365974 0.283037
HDI 1.000000 0.702400 0.112356 -0.040609 0.397616
ECIS80HDI 1.000000 -0.092722 -0.313630 0.327024
FDIP 1.000000 0.643%962 0.507259
TOP 1.000000 0.352771
GCFP 1.000000

4.2.3 Unit Roots Tests

Unit root tests are usually performed to avoid spurious regression. In the literature, many

tests are proposed according to the nature of the non-stationarity. In this work, we use the
NP test of Ng-Perron (2001) and the DF-GLS test of Elliot-Rothenberg-Stock (1996) unit
root tests because ADF tests are known to suffer potentially severe finite samples power

and size problem. When the results of the two tests above are inconclusive, we perform the

Phillips-Perron test (PP) which estimates the non-augmented Dickey-Fuller equation and

allows controlling for serial correlation.

Results of table 5 show that the series under study have a mixed level of stationarity. This

result induces that, traditional econometric techniques are not suitable and we have to

perform the ARDL model to take into account series specificities. ARDL model allows

also to look for cointegration relationships and test for short and long-run causality.

Table 5. Unit Root Tests on levels and Differences
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Ng-Perron test statistics* DF-GLS test** pp*x** Result
Variables MZa. MZt  MSB MPT
ECI -2.56 -0.85 0.33 8.36 -1.20
AECI -44.18 -469 0.10 0.55 -6.93 -1.74 I(1)
PCGDPG -17.99 -2.99 016 136 -4.63 -4.65 100)
GCF -8.45 -1.99 023 312 -2.25
-18.58 297 016 159 521 -8.28 I1)
HDI -12.05 -2.30 0.19 2.28 -143
AHDI 0.35 0.26 0.74 36.47 -1.04 -3.98 1)
TO -307 -1.09 0.35 7.72 -1.28
-17.1 291 0.17 148 -4.39 -4.40 I(1)
FDI -7.52 -193 0.25 325 -2.23
AFDI -117 -2.39 0.20 219 -3.16 -6.64 I(1)
1Q2 -1.567 -0622  0.397 11.12 -0.68
A1Q -9.30 -2.15 0.231 2.64 -6.91 -6.81 1)
Asymptotic 1% | -138 -258 0174 178 -2.63 -361
critical values 5% | -81 -198 0233 3.17 -1.95 -2.94
10% | -5.7 -162 0275 445 -161 -2.60

Note: * Perron (2001). ** Elliot et al. (1996). *** Phillips Perron (1988) and are calculated only for differences. a: the series
has 25 observations.

4.3 ARDL model, implementation, and estimation

ARDL models are a combination of AR (Autoregressive models) and DL (Distributed Lag
models). Consequently, they can accommodate a variety of lag structures and include well-
known models such as static regressions. ARDL are dynamic models taking into account
temporal dynamics (adjustments, expectations) to explain a variable (time series)
improving its prevision and policy efficiency.

The general form of the ARDL(p,q) model can be written as follows:

p q
ye=H+ Z 0iyt-i Z Bjxt—j + & (4)
i=1 =0

Where vy, is the dependent variable and x, is a vector of explanatory variables, and
g.~1id(0,0) is the error term. The lag orders are usually chosen according to an

information criterion. The optimal model is the one with the smallest value of the AIC or
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BIC. In this model, the short-term effect of the variable x on y is revealed by 8, while

2 Bj
1-y (Xi.

the long-run effect is obtained through y =
In order to investigate the existence of cointegration relationships among ARDL variables,
Pesaran et al. (1995, 2001) developed the ARDL-Bounds test. This methodology has many
advantages. First, unlike the multivariate procedure of Johansen and Juselius (1990) which
IS eager in data, the bounds test procedure is suitable for a small sample size. Second, unlike
conventional cointegration procedures, the ARDL model can circumvent the problem of
the order of integration of the series. Third, the ARDL model can provide unbiased
estimates in the long run even when some variables are endogenous. Moreover, ARDL
models are useful to disentangle long-run relationships from short-run dynamics which is

interesting propriety when studying economic problems.

To test the existence of cointegration relationships between variables in the ARDL model

we first estimate the following specification using OLS.

p-1 q-1
Ay = p+ @11 + @2X¢—1 + Z oAy + Z BjAx;_j + & 5)
i=1 =0

Second, the existence of a long-run relationship among the variables is conducted using an
F-test for the joint significance of the coefficients of the lagged levels of the variables that
are:
Ho: @1 = @, = 0 against Hi: @1 # @, # 0

The procedure of the test consists of comparing the calculated F to the critical bounds
(lower, upper) value developed by Pesaran et al. (2001)**. If the calculated F-statistic is
above the upper critical value, the null hypothesis of no long-run relationship can be
rejected irrespective of the orders of integration for the variables. Conversely, if the
calculated F-statistic falls below the lower critical value, the null hypothesis cannot be
rejected. Finally, if the F-statistic falls between the lower and upper critical values, the

result is inconclusive.

19 The information criteria are only comparable when the sample is held constant.
11 Recently, Kripfganz and Schneider (2018) obtain asymptotic critical values for the lower and upper
bound of all independent variables being purely 1(0) or purely 1(1) and not mutually cointegrated.
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Once the cointegration relationship is established, the ARDL long-run model can be
estimated as it is in equation (4). The final step is to disentangle short-run and long-run
dynamics by estimating an ARDL-EC model.

p-1 q-1
Aye=u+ ) ailyei+ ) Bibx+OEM)  +e  (6)
i=1 =0

Here a and {8 are the short-run dynamic coefficients, (ECM),_; = (Vi—1 — YX¢—1) IS the
error correction term and 6 is the speed of adjustment.

4-4 Empirical results

Unit root tests ensure that all variables are 1(0) or I1(1) and no variable is 1(2). We can so
perform ARDL-OLS regressions to depict cointegration relationships between the growth
rate of real per capita GDP, economic complexity index, and human development index.
We first estimate the lag structure of the ARDL using Akaike Information Criterion (AIC)
and Schwarz Information Criterion (SIC) and correct for heteroskedasticity using the
Newey-West matrix. Results of graphic 14 show that among 20 estimated ARDL, the
minimum value of AIC corresponds to the optimal ARDL(4,4,4,4)*?.

Graphic 14: ARDL lag structure
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Table 6: Optimal ARDL(4,4,4,4) estimation
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Variable Coefficient Std.Error t-Statistic Prob
PCGDPG(-1) -0.456152 0.129379 -3.525690 0.0037
PCGDPG(-2) -0.097279 0.226711 -0.429089 0.6749
PCGDPG(-3) 0.049239 0.133317 0.369339 0.7178
PCGDPG(-4) -0.425364 0.080283 -3.056225 0.0092
ECI80 3.161428 1.012006 3.123921 0.0081
ECI80(-1) -1.649110 1.371237 -1.202644 0.2506
ECI80(-2) -0.657826 1.399597 -0.470011 0.6461
ECI80(-3) -1.139424 2.296142 -0.496234 0.6280
ECI80(-4) 4.684926 1.410885 3.320583 0.0055
HDI 0.610417 4.821043 0.126615 0.9012
HDI(-1) 6.172638 3.280094 1.881848 0.0824
HDI(-2) -6.783963 7.310956 -0.927917 0.3704
HDI(-3) -11.36663 7.342963 -1.547962 0.1456
HDI(-4) 13.02643 5.131079 2.538731 0.0247
HDI*ECIS0 -3.677180 1.383917 -2.657081 0.0197
HDI(-1)*ECI80(-1) 2.290002 1.764341 1.297936 0.2169
HDI(-2)*ECI80(-2) 0.912429 1.948211 0.468342 0.6473
HDI(-3)*ECI80(-3) 1.246872 3.651768 0.341443 0.7382
HDI(-4)*ECI80(-4) -6.636480 2.138656 -3.103107 0.0084

C -1.191842 1.106012 -1.077604 0.3008
R-squared 0.785726 Mean dependent var 0.005035
Adjusted R squared 0.472556 S.D. dependent var 0.058619
S.E. of regression 0.042572 Akaike info criterion -3.194662
Sum squared resid 0.023561 Schwarz criterion -2.287687
Log likelihood 72.71192 Hannan —Quinn -2.889492
F-statistic 2.508943 Durbin-Watson 1.403421
Prob(F-statistic) 0.047298

Results of table 6 show that economic growth in Saudi Arabia is highly correlated to

economic complexity and human development and their combined effect with a backward

effect going to 4 years. Table 7 reports the calculated F-statistic for bounds test when each

variable is considered as dependent.

Table 7: ARDL Bounds test

Dependent variable F-statistic Lags Results
PCGDPGR 7.70 3 Cointegration

ECI 3.70 3 Inconclusive

HDI 2.23 3 No-cointegration
ECIXHDI 3 Cointegration
Bounds test critical values Lower Upper

10% 2.618 3.532

5% 3.164 4.194

1% 4.428 5.816

Source: Authors’ calculation




Table 8: ARDL long run form and bounds test (4,4,4,4)
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condition error correction regression

Variable Coefficient Std.Error t-Statistic Prob
C -1.3400 1.0698 -1.2525 0.2389
PCGDPG(-1) -1.9161 0.3822 -5.0133 0.0005
ECI80(-1) 4.6297 3.7348 1.2236 0.2491
HDI(-1) 1.6715 1.4425 1.1573 0.2740
ECI80(-1)*HDI(-1) -6.656 5.4496 -1.2213 0.2500
D(PCGDPG(-1)) 0.2863 0.2892 0.9898 0.3456
D(PCGDPG(-2)) 0.1859 0.1716 1.0829 0.3043
D(PCGDPG(-3)) 0.2469 0.1201 2.0453 0.0680
D(ECI80) 3.46100 1.6457 2.1029 0.0618
D(ECI80(-1)) -3.8864 3.64612 -1.0659 0.3115
D(ECI80(-2)) -4.7079 3.00093 -1.5644 0.1488
D(ECI80(-3)) -5.3357 2.3429 -2.2773 0.0460
D(HDI) -1.5676 3.4060 -0.4902 0.662
D(HDI(-1)) 3.2196 4.1614 0.7736 0.4570
D(HDI(-2)) -1.676 5.73911 -0.2920 0.7762
D(HDI(-3)) -17.46388 9.1470 -1.9094 0.0853
D(ECI80*HDI)) -4.1016 2.2804 -1.7985 0.1023
D(ECI80(-1)*HDI(-1)) 6.1762 5.50700 1.1215 0.2858
D(ECI80(-2)*HDI(-2)) 7.1780 4.5638 1.572 0.1468
D(ECI80(-3)*HDI(-3)) 7.6795 3.5560 2.1595 0.0562
FDP -1.2179 0.76733 -1.58728 0.10435
TOP 0.2558 0.11385 2.2468 0.0484
GCFP 0.58744 0.5708 1.02914 0.3277
Variable Coefficient Std.Error t-Statistic Prob
ECI80 2.416186 1.2564 1.9228 0.0834
HDI 0.87233 0.55222 1.57966 0.1453
HDI’ECI8O0 -3.473499 1.932223 -1.79766 0.1024
C -0.69934 0.36176 -1.93313 0.0820
EC = PCGDPG —(2.4162*ECI80 + 0.8723*HDI-3.4735*HDI*ECI80-0.6993)
Test statistic Value Signif. 1(0) 1(1)
F-statistic 7.705195 10% 2.37 3.2
K 3 5% 2.79 3.67
2.5% 3.15 4.08
1% 3.65 4.66
Actual sample size 33 Final Sample: n=35
10% 2.618 3.532
5% 3.164 4.194
1% 4.428 5.816
Final sample: n =30
10% 2.676 3.586
5% 3.272 4.306
1% 4.614 5.966




Table 9: ARDL long run form and bounds test (4,0,4,2)

condition error correction regression

Variable Coefficient Std.Error t-Statistic Prob
C 0.1449 0.16932 0.8553 0.4040
ECI80(-1) -1.04712 0.2949 -3.5505 0.0025
PCGDPG 0.6314 0.2546 2.479 0.0239
HDI(-1) 0.3201 0.3182 1.0058 0.3286
ECI80(-1)*HDI(-1) 0.134188 0.10680 1.2564 0.2260
D(ECI80(-1)) 0.3822 0.2190 1.74464 .0991
D(ECI80(-2)) 0.3875 0.2432 1.5933 0.125
D(ECI80(-3)) 0.5030 0.2253 2.3225 0.0393
D(HDI) -7.7141 4.1750 -1.8446 0.0820
D(HDI(-1)) -9.5902 4.368 -2.1954 0.0423
D(HDI(-2)) 11.05046 5.3201 2.077 0.0533
D(HDI(-3)) -9.5310 6.0623 -1.5644 0.1361
D(ECI'HDI) 0.0975 0.073469 1.327 0.2017
D(ECI)(-1)’HDI(-1)) 0.0707 0.06069 1.1662 0.2569
FDIP -0.0882 0.9149 -0.0694 0.924
TOP -0.0637 0.194830 -0.3272 0.7475
GCFP 0.4957 0.5695 0.8704 0.3962
Variable Coefficient Std.Error t-Statistic Prob
PCGDPG 0.6030 0.222663 2.70958 0.0149
HDI 0.3057 0.28721 1.064423 0.3020
HDI'ECI80 0.12814 0.07880 1.26166 0.1223
C 0.13839 0.10556 1.310973 0.2073
EC = ECI80- (0.6031*PCGDPG + 0.3057*HDI-0.1281’HDI*ECI+0.1384)
Test statistic Value Signif. 1(0) 1(1)
F-statistic 3.703349 10% 2.37 3.2
K 3 5% 2.79 3.67
2.5% 3.15 4.08
1% 3.65 4.66
Actual sample size 34 Final Sample: n=35
10% 2.618 3.532
5% 3.164 4.194
1% 4.428 5.816
Final sample: n =30
10% 2.676 3.586
5% 3.272 4.306

1% 4.614 5.966




Table 10: ARDL long run form and bounds test (2,0,2,0)
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condition error correction regression

Variable Coefficient Std.Error t-Statistic Prob
C 0.01116 0.007114 1.56899 0.1293
HDI(-1) 0.002737 0.010889 0.2513 0.8036
PCGDPG 0.02096 0.010369 2.02210 0.0540
ECI80(-1) -0.02892 0.010485 -2.75850 0.0107
HDI’ECI -0.00100 0.002357 -0.425375 0.6742
D(HDI)(-1)) -0.23684 0.201527 -1.17524 0.2510
D(ECI80) -0.02544 0.006260 -4.065091 0.0004
D(ECI80(-1)) 0.00205 0.00795 0.258352 0.7983
FDIP -0.02804 0.03465 -0.800978 0.4257
TOP -0.003617 0.008460 -0.427525 0.6724
GCFP 0.03529 0.017761 1.9847 0.0579
Variable Coefficient Std.Error t-Statistic Prob
PCGDPG 0.6030 0.222663 2.70958 0.0149
HDI 0.3057 0.28721 1.064423 0.3020
HDI’ECI80 0.12814 0.07880 1.26166 0.1223
C 0.13839 0.10556 1.310973 0.2073
EC = HDI- (-7.6606*PCGDPG + 10.5680*ECI80+0.3664*HDI*ECI-4.0774)
Test statistic Value Signif. 1(0) 1(1)
F-statistic 2.239558 10% 2.37 3.2
K 3 5% 2.79 3.67
2.5% 3.15 4.08
1% 3.65 4.66
Actual sample size 36 Final Sample: n=40
10% 2.592 3.532
5% 3.1 4.194
1% 4.431 5.816
Final sample: n =35
10% 2.618 3.532
5% 3.164 4.194
1% 4.428 5.816




Table 11: ARDL long run form and bounds test (2,4,4,4)

condition error correction regression

Variable Coefficient Std.Error t-Statistic Prob
C 0.080658 0.075823 1.063778 0.3084
ECI80(-1)’HDI(-1) 0.518463 0.322816 1.606061 0.1342
PCGDPG(-1) -0.105110 0.038043 -2.762956 0.0172
ECI8O(-1) -0.320036 0.249336 -1.283554 0.2235
HDI(-1) -0.120115 0.096773 -1.241209 0.2382
D(ECI8O(-1)’HDI(-1)) -0.781522 0.230062 -3.397008 0.0053
D(PCGDPG) -0.054914 0.024097 -2.278647 0.0418
D(PCGDPG(-1)) -0.001010 0.024364 -0.041448 0.9676
D(PCGDPG(-2)) 0.016861 0.018324 0.92146 0.3756
D(PCGDPG(-3)) 0.033323 0.012171 2.737966 0.0180
D(ECI80) 0.744980 0.018549 40.1691 0.0000
D(ECI80(-1)) 0.539969 0.160406 3.366277 0.0056
D(ECI80(-2)) -0.003162 0.020474 -0.154427 0.8798
D(ECI80(-3)) -0.019571 0.016475 -1.187940 0.2578
D(HDI) -0.249724 0.355124 -0.76890 0.4573
D(HDI)(-1)) 0.491384 0.451308 1.088798 0.2976
D(HDI)(-2)) 0.922884 0.409220 2.25310 0.0437
D(HDI)(-3)) -2.970396 0.32.340 -4.544867 0.0007
FDIP -0.214178 0.067828 -3.157668 0.0083
TOP 0.006659 0.013894 0.479221 0.6404
GCFP 0.030113 0.046385 0.649193 0.5284
Variable Coefficien0.006659t Std.Error t-Statistic Prob
PCGDPG 0.202733 0.204321 0.992231 0.3407
ECI80 0.617278 0.172594 3.576475 0.0038
HDI 0.231676 0.060236 3.846117 0.0023
C -0.155572 0.078678 -1.977331 0.0714
EC = HDI*ECI80-(0.2027*PCGDPG + 0.6173*ECI80+0.2317*HDI-0.1556)
Test statistic Value Signif. 1(0) 1(1)
F-statistic 2.485131 10% 2.37 3.2
K 3 5% 2.79 3.67
2.5% 3.15 4.08
1% 3.65 4.66
Actual sample size 33 Final Sample: n=35
10% 2.618 3.532
5% 3.164 4.194
1% 4.428 5.816
Final sample: n =35
10% 2.618 3.532
5% 3.164 4.194

1% 4.428 5.816




38

Bounds tests indicate that there exists a cointegration relationship between the four
variables, only when the regression is normalized on PCGDPG or on the combination of
economic complexity and human development. In these cases, the calculated F-statistic is
higher than the upper value implying a long-run relationship between economic growth,
economic complexity, and human development and the combination of the two latter
variables. When the regression is normalized on the human development index the null
hypothesis of no cointegration is accepted. The bounds test is inconclusive when the
regression is normalized on the economic complexity index. These results are helpful to
detect short and long-run causality relationships and their directions.

Once the cointegration relationship is established through the bounds test we perform an
ARDL long run form and estimate a conditional error correction regression. Results of
table 12 show that estimation of the long-run coefficient of the economic complexity index
is positive and significant while that of the human development index is positive but not
significant. On the contrary, the estimated coefficient of their combined effect through the
variable (hdi*eci) is negative but not significant.

These results indicate that the engagement of Saudi Arabia in the process of diversification
and sophistication of its produced and exported products during the past years begin to

bring its effects on economic growth.



Table 12: ARDL long-run coefficient
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condition error correction regression

Variable Coefficient Std.Error t-Statistic Prob
C -1.3400 1.0698 -1.2525 0.2389
PCGDPG(-1) -1.9161 0.3822 -5.0133 0.0005
ECI80(-1) 4.6297 3.7348 1.2236 0.2491
HDI(-1) 1.6715 1.4425 1.1573 0.2740
ECI80(-1)*HDI(-1) -6.656 5.4496 -1.2213 0.2500
D(PCGDPG(-1)) 0.2863 0.2892 0.9898 0.3456
D(PCGDPG(-2)) 0.1859 0.1716 1.0829 0.3043
D(PCGDPG(-3)) 0.2469 0.1201 2.0453 0.0680
D(ECI80) 3.46100 1.6457 2.1029 0.0618
D(ECI80(-1)) -3.8864 3.64612 -1.0659 0.3115
D(ECI80(-2)) -4.7079 3.00093 -1.5644 0.1488
D(ECI80(-3)) -5.3357 2.3429 -2.2773 0.0460
D(HDI) -1.5676 3.4060 -0.4902 0.662
D(HDI(-1)) 3.2196 4.1614 0.7736 0.4570
D(HDI(-2)) -1.676 5.73911 -0.2920 0.7762
D(HDI(-3)) -17.46388 9.1470 -1.9094 0.0853
D(ECI80*HDI)) -4.1016 2.2804 -1.7985 0.1023
D(ECI80(-1)*HDI(-1)) 6.1762 5.50700 1.1215 0.2858
D(ECI80(-2)*HDI(-2)) 7.1780 4.5638 1.572 0.1468
D(ECI80(-3)*HDI(-3)) 7.6795 3.5560 2.1595 0.0562
FDP -1.2179 0.76733 -1.58728 0.10435
TOP 0.2558 0.11385 2.2468 0.0484
GCFP 0.58744 0.5708 1.02914 0.3277
Variable Coefficient Std.Error t-Statistic Prob
ECI80 2.416186 1.2564 1.9228 0.0834
HDI 0.87233 0.55222 1.57966 0.1453
HDI’ECI80 -3.473499 1.932223 -1.79766 0.1024
C -0.69934 0.36176 -1.93313 0.0820
EC = PCGDPG — (2.4162*ECI80 + 0.8723*HDI-3.4735*HDI*ECI80-0.6993)
Test statistic Value Signif. 1(0) 1(1)
F-statistic 7.705195 10% 2.37 3.2
K 3 5% 2.79 3.67
2.5% 3.15 4.08
1% 3.65 4.66
Actual sample size 33 Final Sample: n=35
10% 2.618 3.532
5% 3.164 4.194
1% 4.428 5.816
Final sample: n =30
10% 2.676 3.586
5% 3.272 4.306
1% 4.614 5.966

Source: Authors’ calculation
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Results of table 13 show that the error correction term (ECT) is as expected negative and
its coefficient is highly significant. This indicates that the speed of correction between the
short and long term is relatively significant. In addition, a coefficient of -1.916 implies that
the model converges in a fluctuating manner to equilibrium and that the deviation from

long-term is corrected by 1.916% each year.

Table 13: ARDL-ECM and Short-run dynamics

condition error correction regression

Variable Coefficient Std.Error t-Statistic Prob
D(PCGDPG(-1)) 0.286355 0.18466 1.5507 0.1520
D(PCGDPG(-2)) 0.185933 0.136013 1.3670 0.2016
D(PCGDPG(-3)) 0.2469 0.090161 2.738 0.0209
D(ECI80) 3.46100 1.175193 2.9450 0.0147
D(ECI80(-1)) -3.886472 0.94143 -4.2505 0.0017
D(ECI80(-2)) -4.7079 1.678155 -2.8054 0.0186
D(ECI80(-3)) -5.335717 1.369201 -3.8969 0.0030
D(HDI) -1.567602 2.661606 -0.5889 0.689
D(HDI)(-1)) 3.2196 2.839905 1.337 0.234
D(HDI)(-2)) -1.676084 3.7435 -0.4477 0.663
D(HDI)(-3)) -17.46388 6.40155 -2.7280 0.0213
D(ECI80’HDI) -4.101634 1.5814 -2.59 0.0268
D(ECI80(-1)*HDI(-1)) 6.1762 1.32022 4.678 0.009
D(ECI80(-2)*HDI(-2)) 7.178015 2.51154 2.85800 0.0170
D(ECI80(-3)*HDI(-3)) 7.679538 2.05377 3.73922 0.0039
FDIP -1.217977 0.53636 -2.2708 0.0465
TOP 0.255818 0.05900 4.335 0.0015
GCFP 0.587447 0.3187 1.8429 0.0951
ECT(-1) -1.916150 0.26090 -7.344 0.0000
R-squared 0.945600 Mean dependent Var  0.0022
Adjusted R squared 0.875658 S.D. dependent Var 0.091355
S.E. of regression 0.032214 Akaike info criterion -3.738
Sum squared resid 0.014528 Schwarz criterion -2.877
Log likelihood 80.68954 Hannan —Quinn -3.4488
Durbin-Watson stat 2.056
Test statistic Value Signif. 1(0) 1(1)
F-statistic 7.705195 10% 2.37 3.2
K 3 5% 2.79 3.67
2.5% 3.15 4.08

1% 3.65 4.66
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4-5 Stability and Robustness Check

In order to check the robustness and stability of the estimated ARDL model, we proceed
in two ways. First, we perform a set of diagnostic tests relative to the stability of model
coefficients such as CUSUM and CUSUM SQUARES and relative to the good fitness of
the model such as error autocorrelation or heteroskedasticity and normality tests. Second,
we introduce control variables (exogenous variables) that could influence the economic
growth-economic complexity nexus.

Diagnostic tests

Table 14 presents diagnostic tests for serial correlation, functional form, normality, and
heteroskedasticity of the ARDL model. We can observe that the model has a correct
functional form and residuals are serially uncorrelated and homoscedastic. However, the
model suffers from the normality of errors. Therefore, the results are globally valid for
meaningful interpretation.

Table 14: Diagnostic tests

Test F-statistic | p-value
Serial correlation? 0.418 0.6719
Normality® 13.17 0.0013

Heteroskedasticity® | 0.166 0.9998
Model specification® | 2.339 0.1585

Note: # Lagrange multiplier (LM) test of residual serial correlation; ® Jarque-Bera test; ¢ Harvey test for

heteroscedasticity.; ¢ Ramsey’s RESET test.

Stability tests

The cumulative sum (CUSUM) test identifies systematic changes in the regression
coefficients, while the cumulative sum of squares (CUSUMSQ) test detects sudden
changes from the constancy of the regression coefficients. Results of Figure 5 indicate the
absence of any instability of the coefficients because the plots of the CUSUM and
CUSUMSAQ statistics fall inside the critical bands of the 5 percent confidence intervals of

parameter stability®®. Moreover, recursive residual graphics confirm this result. Therefore,

13 CUSUM is outside the critical band only for the [12,14] period.
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the coefficients are stable over the sample period. These results are corroborated by the
Ramsey RESET test in figures 15-a and 15-b.
Figure 15-a: Stability tests, CUSUM and CUSUM of squares

12
8 S— === e . 1.2 e
‘ T * —— i 0.8 e —
@ T 0.4 T / e
;z T 0.4
0os ©06 07 08 09 10 11 12 13 14 15 16 17 ©s 0 07 08 03 10 11 1z 13 14 15 16 17
cusum 5% Significance CUSUM of Square: %6 Signif
Source: Authors’ calculation.
Figure 15-b: Stability tests, recursive residuals
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Control variables

As it has been developed in subsection 4-3 that the economic growth-economic complexity
nexus literature recognizes that many variables could condition such relationship, such as
gross capital formation (GDF) as an indicator of domestic investment, education or human
development index (HDI), trade openness (TO), foreign direct investment (FDI) and
institutional quality (1Q) (see for example Zhu and Li (2016), and Khan et al.(2020)).
Results of the ARDL model with control (exogenous) variables are presented in table 15
for the whole sample and in table 16 and table 17 on the sub-sample 1996-2019 when
introducing the institutional quality variable. From table 15, we depict that trade openness
has a moderate effect while foreign direct investment has an adverse effect and the
coefficient of gross capital formation is not significant. The F-statistic reveals that the
model is accepted at the 5% level. When introducing the institutional quality variable (1Q),
the model is rejected due essentially to the low number of observations (25). When 1Q is
the only control variable, the quality of the model is improved but it is rejected at the 10%

level.



Table 15: Economic growth, economic complexity and control variables
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Variable Coefficient Std.Error t-Statistic Prob
PCGDPG(-1) -0.629 0.12790 -4.924 0.0006
PCGDPG(-2) 0.100422 0.2230 -0.4502 0.6621
PCGDPG(-3) 0.0699 0.138415 0.440660 0.6688
PCGDPG(-4) -0.2469 0.07113 -3.47115 0.0060
ECI80 3.46100 1.1050 3.1318 0.0107
ECI80(-1) -2.7177 1.323 -2.0575 0.0672
ECI80(-2) -0.82144 1.6923 -00.48539 0.6376
ECI80(-3) -0.6277 2.5808 -0.2432 0.8127
ECI80(-4) 5.3357 2.3014 2.31838 0.0429
HDI -1.56760 4.4654 -0.34877 0.7345
HDI(-1) 6.45877 3.607046 1.7548 0.1095
HDI(-2) -4.8957 7.04613 -0.6948 0.5030
HDI(-3) -15.787 8.436 -1.8714 0.09080
HDI(-4) 17.46388 79644 2.1927 0.0531
HDI*ECIS0 -4.1016 1.519 -2.6988 0.0224
HDI(-1)*ECI80(-1) 3.62216 1.850 1.9531 0.0788
HDI(-2)*ECI80(-2) 1.001738 2.407 0.416069 0.6861
HDI(-3)*ECI80(-3) 0.501523 4.10047 0.12230 0.9051
HDI(-4)*ECI80(-4) -7.679 3.5224 -2.1767 0.0545
FDIP -1.2179 0.6320 -1.9244 0.0832
TOP 0.255 0.13903 1.8399 0.0956
GCFP 0.587 0.517399 1.1353 0.2827
C -1.340 0.873465 -1.534 0.1560
R-squared 0.8678 Mean dependent var 0.0050
Adjusted R squared 0.5772 S.D. dependent var 0.058619
S.E. of regression 0.03811 Akaike info criterion -3.4963
Sum squared resid 0.01452 Schwarz criterion -2.45334
Log likelihood 80.6894 Hannan —Quinn criter -3.1454
F-statistic 2.9857 Durbin-Watson stat 2.056
Prob(F-statistic) 0.03846
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Table 16: Economic growth, economic complexity and control variables with

institutional quality

Variable Coefficient Std.Error t-Statistic Prob
PCGDPG(-1) -0.8410 0.2617 -3.21354 0.0847
PCGDPG(-2) -1.1300 0.3436 -3.2882 0.0814
PCGDPG(-3) -0.7930 0.3111 -2.5489 0.1256
ECI80 3.4377 4.497 0.76442 0.5245
ECI80(-1) 9.9398 3.394 2.92844 0.099
ECI80(-2) 5.0725 6.6477 0.7630 0.255
ECI80(-3) 15.7613 8.8920 1.7725 0.2183
HDI 14.56620 5.439 2.6780 0.1157
HDI(-1) 5.935 3.635 1.63429 0.2438
HDI(-2) -31.9044 8.5664 -3.40136 0.0651
HDI(-3) 26.0899 9.7253 2.6828 0.1154
HDI*ECI8O0 -3.4967 5.228 -0.6688 0.5725
HDI(-1)*ECI80(-1) -11.595 3.971 -2.1716 0.100
HDI(-2)*ECI80(-2) -6.3838 8.2907 -0.7700 0.5218
HDI(-3)*ECI80(-3) -20.988 11.544 -1.81800 0.2107
FDIP 3.364 1.18429 2.8406 0.1048
TOP -0.61491 0.332 -1.1848 0.20574
GCFP -3.632 1.03909 -3.4956 0.0730
1Q 0.457 0.164890 2.77 0.1090
C -10.44 5.5347 -1.8876 0.1997
R-squared 0.9505 Mean dependent var 0.005129
Adjusted R squared 0.4811 S.D. dependent var 0.03629
S.E. of regression 0.02614 Akaike info criterion -5.0299
Sum squared resid 0.001367 Schwarz criterion -4.03812
Log likelihood 75.32 Hannan —Quinn criter -4.796
F-statistic 2.024 Durbin-Watson stat 3.177
Prob(F-statistic) 0.03821




Table 17: Economic growth, economic complexity and institutional quality
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Variable Coefficient Std.Error t-Statistic Prob
PCGDPG(-1) -1.0513 0.0936 -11.22 0.0566
PCGDPG(-2) -2.1058 0.3370 -6.24 0.1010
PCGDPG(-3) -1.9690 0.39160 -5.007 0.1255
PCGDPG(-4) -1.5032 0.27184 -5.5296 0.1139
ECI80 14.8463 4.3672 3.399 0.1821
ECI80(-1) 14.34260 3.0873 4.6456 0.1350
ECI80(-2) 18.818 3.8812 4.847 0.1295
ECI80(-3) 21.5925 2.9326 7.3626 0.0859
ECI80(-4) 8.457 1.1588 7.2986 0.086
HDI 10.329 2.5727 4.01500 0.1554
HDI(-1) 10.717 1.4504 7.3885 0.0856
HDI(-2) -25.58 2.29315 -11.1577 0.0569
HDI(-3) 34.810 8.54155 4.0753 0.1532
HDI(-4) -4.245 5.5010 -0.7723 0.5813
HDI*ECIS0 -16.089 4.927 -3.264 0.1892
HDI(-1)*ECI80(-1) -17.3639 3.822 -4.5425 0.1379
HDI(-2)*ECI80(-2) -23.7788 4.7836 -4.975 0.1264
HDI(-3)*ECI80(-3) 26.8403 3.4129 -7.8624 0.0805
HDI(-4)*ECI80(-4) -12.55391 1.5665 -8.0173 0.0790
1Q 0.668 0.119 5.235 0.1131
C -20.9866 3.7675 -5.570 0.1131
R-squared 0.9987 Mean dependent var 0.00512
Adjusted R squared 0.97360 S.D. dependent var 0.0362
S.E. of regression 0.00589 Akaike info criterion -8.610
Sum squared resid 3.48E-05 Schwarz criterion -7.569
Log likelihood 115.7172 Hannan —Quinn criter -8.365
F-statistic 39.729 Durbin-Watson stat 3.8177
Prob(F-statistic) 0.1244

4-6 Causality relationships between economic growth, economic complexity, and their

determinants

Traditional sequential Granger causality tests face many shortages, especially in finite

samples. First, Granger causality tests are conducted only on stationary series. However,

unit root tests are less efficient on a small sample and are not always unbiased. Second, by

transforming the series in first difference for the sake of stationary or cointegration

relationship, we obtain good statistical proprieties while losing information on the level of

the series which is important to explain the dynamics of the model. These weaknesses and

others lead Toda and Yamamoto (1995) to propose a non-sequential procedure to test

Granger causality where variables could have different levels of integration. They propose
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to estimate an augmented VAR (k + d;,.¢) In level which could integrate probable
potential cointegration between the series. One of the main advantages of Tostada and
Yamamoto procedure is that we do not have to test cointegration or transform VAR into
VECM. Granger causality procedure of Toda and Yamamoto is based on a modified Wald
test which follows a x?(k + dpax) Where (k + d.x) is the degree of freedom which is
equal to the number of lags in the augmented VAR. We can summarize Toda and
Yamamoto procedure in the following steps:
=  We construct and estimate VAR(k) model on series levels regardless of their
integration order, where k is lag length taken from an information criterion (AIC,
SIC).
= We construct and estimate the augmented VAR(K + dp,ax), Where d,,.x IS the
maximum order of integration among series, and test if it’s correctly specified.
= We use the modified Wald (MWald) statistic to test for Granger causality in the
sense of Toda and Yamamoto.
In what follows we implement the Toda-Yamamoto methodology to test Granger causality
relationships between economic growth, economic complexity, and human development.
We also test for causality between economic growth and the combined effect of economic
complexity and human development. For each pair of variables, we estimate the following
augmented VAR(k + d,,ax) and calculate MWald statistics.

dmax dmax

ye=H+ Z 0iYe—i T Z 02iYt—i +Z B1jXe—j + Z B2jXe—j + €1t ®
i=k+1 j=k+1
dmax dmax

Xy = 9+ Z Yl]Xt j + z YZ]Xt j +Z 811Yt i + Z 821Yt i + €2t (9)
i=k+1 i=k+1

The test is conducted on the k first coefficients. The null hypothesis is:

In equation (8)  Hy: B4 = 0 : x does not Granger cause y;

In equation (9) Hy: 645 = 0 : y, does not Granger cause X

The empirical results of the Granger Causality test based on Toda and Yamamoto's (1995)
methodology are reported in Table 18. The MWALD test, which follows a chi-squared
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distribution with n degree of freedom equal to the number of restrictions in the estimated
VAR shows that both economic complexity index and human development index and
their combined effect cause real per capita GDP growth. Moreover, causality runs also
from the human development index to the economic complexity index. These results are
in concordance with new economic growth and economic development theories as
developed by Haussmann and Hidalgo.

Table 18: Toda-Yamamoto causality (MWald) test results

Null Hypothesis Xr21 P-value | Granger causality

ECI does not Granger cause PCGDPG 9.47569 0.0502 ECI PCGDPG
PCGDPG does not Granger cause ECI 2.606754 0.2656

ECI does not Granger cause HDI 5.089119 0.2783

HDI does not Granger cause ECI 15.14689 0.0044 HDI ECI
PCGDPG does not Granger cause HDI 0.001597 0.9681

HDI does not Granger cause PCGDPG 2.813427 0.0935 HDI PCGDPG
PCGDPG does not Granger cause ECI*HDI 4.210474 0.3783 HDI*ECI

HDI*ECI does not Granger cause PCGDPG 7.928347 0.0942 PCGDPG

Source: Author’s calculation.

Impulse response functions

The ARDL-ECM and Toda-Yamamoto Granger-causality tests developed in the previous
sections don’t give information on the instant reaction of the variables of the model to a
shock in one of them. Impulse-response functions are a tool to trace the effects of a one-
time shock to one of the innovations on the current and future values of all the endogenous
variables of the model. A shock on one variable not only affects the variable itself but also
transfers its impact to all other endogenous variables via the dynamic lag structure of the
model. In order to depict the outcomes of impulse-response on the variables under
consideration, we reproduce the graphics of the response to one-time shock (figure 16). We
can observe that when per capita GDP is the impulse; the response of ECI is almost null
during the six-seven first years following the shock and becomes positive during the rest

14 As mentioned by Toda and Yamamoto this test is independent of the order of integration of the series and
of the cointegration relationships.
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of the propagation period while the response of HDI is quasi-null during all the period. The
response of the combined effect of economic complexity and human development to per
capita GDP shock follows the same pattern. The reaction of per capita GDP to an impulse
in ECI is quasi-null during the three-first years and oscillates around a small negative value
during the rest of the period. Per capita GDP reacts positively during the three first years
to a shock in HDI and the effect attenuates to become nearly zero during the rest of the
period. Finally, the analysis of the confidence intervals indicates that all individual impulse

responses coefficients are significant at 95%.

Figure 16: One time chock impulse-response between PCGDPC, ECI and HDI
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Response of PCGDPG to ECIBO*HDI Response of ECIBE0*HDI to PCGDPG
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5. Summary and policy recommendations

New development economic theory emphasizes the role of know-how and economic
complexity to explain the economic performance of countries. Hidalgo et al. (2009) and
Hausmann et.al (2011), among others, argued that net differences in income levels between
countries are mainly due to differences in productive knowledge, and the reason behind
these differences lies in the diversity of production structures. The advantage of economic
complexity theory is that it suggests specific ways for each country to reach higher growth
rates and a higher level of development depending on its capabilities and productive
knowledge.

Within this context, the main motivation of this work was to study the state of
sophistication and complexity of the Saudi economy through economic complexity index
and product space and to inspect the implications of economic complexity on economic
growth. The inspection of economic complexity ranking and the evolution of the product
space of Saudi Arabia during the past decades shows that the country is becoming one of
the thirty-first more complex economies in the world. This improvement has been driven
by the diversification of exports leading to denser product space. In this regard, during the
last five years, Saudi Arabia has multiplied by more than two the number of exported
products with revealed comparative advantage greater than one. This dynamism is the
consequence of the new investment policy and economic reforms the country has launched
in 2016 making part of vision 2030 which aims to transform the economy and the society
in multiple dimensions.

By diversifying its production, Saudi Arabia can avoid the impairing effects of non-
diversified economies revealed by the famous English saying “Putting all of one’s eggs in
one basket”. Countries that rely significantly on one or few products can face harmful

consequences, especially in export revenues and terms of trade, if unexpected shocks come
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to international prices of such products. In Saudi Arabia, oil is the main exported product,
which is an exhaustible resource. If oil revenues decrease, Governments’ capacity to
support economic growth will be impaired because of resource shortage. In order to
improve its economic performance and assess sustainable growth, Saudi authorities should
develop new sectors and provide alternative sources of revenues. New development
strategies should raise non-oil production, enhance the role of private sector investment
and encourage foreign direct investment. These investments should be directed to value-
added industrial activities that will lead to export diversification and more economic

complexity.

Econometric results based on ARDL methodology have shown that economic complexity,
human development index, and economic growth are cointegrated in Saudi Arabia.
Moreover, using Toda and Yamamoto approach empirical findings show that both
economic complexity and human development index Granger cause economic growth.
This result implies that sustainable economic growth is mainly induced by economic
sophistication which relies on the development of the county’s capabilities and know-how.
Increasing economic complexity, not only allows Saudi Authorities to attain their main
goals in terms of social and economic development, macroeconomic equilibrium, and job

creation, but also to protect the country from unfavorable effects of output volatility.
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Descriptive statistics
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Date: 05/17/21 Time: 21:31
Sample: 1980 2019

PCGDPG ECI80 HDI ECI80*HDI FDIP TOP GCFP

Mean -0.020864 0.334612 0.732283 0.256520 0.016355 0.741644 0.238336
Median -0.004842 0.305181 0.739900 0.219134 0.010437 0.714141 0.225623
Maximum 0113127 1.002000 0.859000 0.855708 0.084964 0961026 0.343505
Minimum -0.382104 -0.081941 0.583000 -0.047772 -0.019401 0.560884 0.156841
Std. Dev. 0.096355 0.210647 0.087074 0.184936 0.025947 0.111202 0.049674
Skewness -1.722659 1.466224 -0.084906 1.780878 1.069807 0.396269 0.592151
Kurtosis 7.035454 6.091250 1.754669 6.388837 3.337992 1.968621 2249349
Jarque-Bera 46.92517 30.25846 2632810 40.28387 7.820311 2.819766 3.276746
Probability 0.000000 0.000000 0.268097 0.000000 0.020037 0.244172 0.194296
Sum -0.834570 13.38449 29.29130 10.26078 0.654195 29 66575 9533423
Sum Sq. Dev. 0.362090 1.730513 0.295693 1.333848 0.026257 0.482266 0.096232

Observations 40 40 40 40 40 40 40

Correlation matrix
Correlation
PCGDPG ECI80 HDI ECI80*HDI FDIP TOP GCFP

PCGDPG  1.000000 0.357493 0.438624 0.319846 -0.057171 -0.259440 -0.229582
ECI80 0.357493 1.000000 0.642433 0.990467 -0.112940 -0.365974 0.283037
HDI 0.438624 0.642433 1.000000 0.702400 0.112356 -0.040609 0.397616
ECI80* 0.319846 0.990467 0.702400 1.000000 -0.092722 -0.313630 0.327024
FDIP -0.057171 -0.112940 0.112356 -0.092722 1.000000 0.643962 0.507259
TOP -0.259440 -0.365974 -0.040609 -0.313630 0.643962 1.000000 0.352771
GCFP -0.229582 0.283037 0.397616 0.327024 0.507259 0.352771 1.000000




Optimal ARDL (4,4,4,4) estimation

Dependent Variable: PCGDPG

Method: ARDL

Date: 05/18/21 Time: 00:08

Sample (adjusted): 1885 2017

Included observations: 33 after adjustments

Maximum dependent lags: 4 (Automatic selection)

Model selection method: Akaike info crterion (AIC)

Dynamic regressors (4 lags, automatic): ECIB0 HDI HDI*EC IS0

Fixed regressors: C

Mumber of medels evalulated: 500

Selected Model: ARDLI4, 4. 4, 4)

HAC standard ermors & covariance [Barflett kernel, Newey-West fixed
bandwidth = 4.0000)

Variable Coefficient Std. Ermor t-Statistic Prob."
PCGDPG(-1) -0.458152 0.128378  -3.525880 0.0037
PCGDPGI-2] -0.087278 0226711 -0.428088 0.6748
PCGDPG(-3) 0.048238 0133317 0358338 07178
PCGDPG(-4) -0.245364 0.080283  -3.056225 D.oo0e2

ECIBD 3.161428 1.012008 3123821 0.00B1
ECIBD{-1) -1.648110 1371237 -1.202044 0.2508
ECIBD-2) -0.657826 1390587  -D.470011 0.6481
ECIBDI-3) -1.138424 2.206142  -D.496234 D.62E0
ECIBDI-4) 4 6B4862 1410885 3.320583 0.0055

HDI 0.610417 4821043 0.1268815 08012

HD-1) B.172838 3.280094 1.881848 0.0824

HDH-2) -6. 783063 7310858  -0.827817 0.3704

HD-3) -11.366863 T 342863 -1.547862 01456

HDHi-4) 13.02843 5131078 2538731 0.0247

HDI*ECIBD -3.677180 1383817 -2.857081 0.0187
HDI-1}"ECIBO(-1) 2.290002 1.7684341 1297838 02188
HDI-Z)"ECIBO(-2) D.B12428 1.848211 0468342 06473
HDI-2"ECIB0(-3) 1.248872 3851788 0.341443 0.7382
HDI{-4)"ECIBO(-4) -6.638480 2.1388568  -3.103107 0.0084

C -1.181842 1106012  -1.077804 03008
R-squared 0.785726 Mean dependent var 0.005035
Adjusted R-squared 0.472566 S5.D. dependent var 0.058619
5.E. of regression 0.0425T72 Akaike info criterion -3.184862
Sum squared resid 0.023581 Schwarz criterion -2. 287887
Leg likelihood 7271182 Hamnan-Guinn criter. -2.850402
F-statistic 2.508843 Duwrbin-Watson stat 1.403421
ProbiF-statistic) 0.047288

"Mote: p-values and any subsequent tests do not account for model
selection.
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ARDL long run form and bounds test (4,4,4,4)

ARDL Long Fun Form and Bounds Test
Dependent Varabie: D{PFOE0PGE]
Selecied Model: ARDLIL_ 4. 4. 4

Case 2 Resiricied Tonstant and Mo Trend
Deate: DSM421 Time: 2150

Sampie: 1950 2013

mchded obesenaiions: 33

Condtonal Eror Comeciion Regression

“ariabie CosMicent  Sid. Emor tEialishic  Prob.
c -1.340042 -1.252594 0.x383
POGDRGH-1) -1.=24e150 =033 O0.ooos
ECIBN-1) 452 - 1223679 02451
HDIE-1) 1571517 1457380 02740
ECBO-11"HDI-1) S EEETAS -1.221315 02=00
DFCGOEG-1]) DOIBR3ES 0583852 03456
DiFCGOFG-2]) 0185833 1.082304 03043
DiFCGOFG-3]) 0298837 pedi ot ] 0.0s80
CH{ECIED) 3 AG00Z 2920 008
DEECBO-11 -3 ERBATZ -1.065318 031s
DNECBO-Z] -~ 70730 -1.554433 01388
DNECBO-31) =337 00460
D¥HDI) -1.557602 0e=52
DAHDN-11) 3 219651 04570
DAHDW-25 -1.£76082 0.7Fe2
DAHDN-31) -1T. 48388 0.oeEs3
DHECED"HDI) ~4.109532 0.1@3
DRECIE-1"HDIE1 )] EATEITE 0.z=83
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ARDL long run form and bounds test (4,0,4,2)

Selecied Modei: ARDL4._ 0.4, 21

Caxse - Resiricisd Constantand Mo Trend
Caafe: BSASTH  Time: 153

Sample: 1550 3049

michudied obesenabions: 34

Condtional Emor Comaction Ragression

Sid Emor n-Eisbishc Prob.
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ARDL long run form and bounds test (2,0,2,0)

AR Lorma Foen Form ared Boesrds Test
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Sedescied RBocksls ARIDL I 2. i

e X FRestricied Constant and BNo Trerad
e IS S22 T 15355

Sarmpikes 190 2019

rechacied obcsersablores: 35

Condibonal Ermor aormertHorn Fegnes chor

Sl Flciemit =i Error Sl =N
oofa1an ol m g b . =S58o00 O1Z293
[m W g g O.o10883 O 251===% O =036
OOrSsT 0. Oo10353 Z 0101 orr=an
O 0Isa>y O.O010485 e Oo-eOF
-0 OOeoa= 0onEasTs ol g | Oz
-0 F358 0 O1=FF -l Trs=24E ozZ=e0
=0 O St 0 D= a0 - = O EO==
) RN -110 OO S 0. OO7r=s=8 D Z25H=S3 OFss3
-0 O BT O O=4E35 -0 B9 FET [m = e g
-0 OO3s517 O D= 50 - AITETS OETIT
[l o OO17761 .58 orsTa
" v Inoompatizks with —Sounds distrieaton
= Wariahks Interpreted as - ZF1) - CiE
Leesis Eqguiarton
Cae 2 Festriched Corestant and Mo Trend
i e CoeeTrlerit =i Errer E-Eiabis e o =
oS T SBDST= 25 ==g30 o ZoarFi18 oTesa
Een pluB=0 ] L OFN=E3 O 3133 oTF=sgT
g == [ ) 1 2300 O 2030132 oF -
= -3 OF =i 15 0=z230=2 O IF12=1 o Tass
=S = HD - (-7 EeE"PCOOPO + 10 SSs8i=Ccisd = 0L 3ssS"HDI"EC] - 4.O07 74
S-Bordds T Ml Hypaothesks: Mo lesssd s relaybcnsi-dp
Test EtaH=HcC L 1F ] ShogrdT. O 13
Ty == = Do R ]
——==af=Hc Z2IZIFIOnnE L] ==7 3=
= 3 5% 2 79 ZET
T 5% Ia=s 4 08
T I == 4 B85
Al Example S =5 Finke Sarmples re=d
L] el T ass
=% =1 4. 088
T = =1 =
Finks Sampls- re3s
L] Z =18 = S3F
= 3153 s
T = = —:5

60



ARDL long run form and bounds test (2,4,4,4)

ARDL Long Run Form and Bounds Test
Dependent Variaiie: DVECIB0THDN)
Seleci=d Modsi ARDLZ. 4, 4, £

Case I Resrcisd Constant and Mo Trend
Date: DEASTY T 1548

Sampie: 1350 2013

rechuded obssnsabions: 33

Conditional Emor Comection Regression

Variabie Cosficent Sid Emor EESabishc Frob.
c OLOBDS5E 0.orses
ECI8l-1 P HOIE-1) K320 03z381s
PCODPG-1) A0S0 0.028043
ECE-1) 0320035 0245335

HOH[-1) LS OLO=ETT.

CHECHEN- "HO - TR 020062
DiPCEOPG) 0sasid O.oz4nsr
DPCGDRG 0004010 004362
DPCGDRG ondeast 0098322
D CGDEGE-IN 00333z gy
D{ECIET] 0744980 0.018s43
D{ECEN-11) DL539963 0.1s040s
D{ECEN- 0003162 Oonare

D{ECEN- giiiph o] 009475
DEHDIY 1245724 0325128
DHDH-11) [EELR k- 0451308
DHD- 0822884 0.40sss0
DHDH-31) -2 ST03E 0es3eT2
FOF OZIHTE 0.0s7828
TOF OLO0EE5ES 0013858 D472 DEap=
GCFP [=Nectig B 04385 De=3133 0E3ge

* pvalue Incompatisie with --Bounds distribution

Leveis Equaton
Case 2: Resiricted Conestant and Mo Trend

‘Variabie Cosfident Sid Emor G-Eiabistic Frob.

FCGDPG 02043 099223 03407

ECIBD 0172554 ooo3s
HIDN 0.0s0236 opoa3
c -0.155572 0.07eE78 ooree

EC = HDI"ECIED - (0. X7 POE0FG + LE1TIECED + D2317HDI - 0.1555)

F-Bourads Test Hull Hvoothesis: Mo levels reiationshio
Test Esslishc Walue Signif. oy 1]
Asymphotic: ne 1000
F-shadstic 3.485131 % 37 32
5 3 5% 78 LET
5% 31E 4.08
Lk 3es 488
Actesl Eampie Sxe 3 Finke Sxmpie: R=lS
% 2518 3t
% ER LS 41984

L] L4 =1:5 1
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ARDL long-run coefficient

Dependent Varabie: JPCGE0ORG)
Selected Miodsi: ARDLIE 4. 4, £

Deate: DSM421 Time: 21250
Sampie: 1950 2013
mchded obesenaiions: 33

ARDL Long Fun Form and Bounds Test

Case 2 Resiricied Tonstant and Mo Trend

Conditonal Emor Cormection Regnession

ariabie Sid. Emror tESafishc  Frob.
= 1.065887  -1.352514 03383
POODPGH)” LLEME  -S033m0 o.oons
ECIBk-1) 3488 02454
HOl-1) 0zvan
ECBO-11"HDI-1) S EEETAS 0.z=na
DMPCGDPGE-1 1) O2BE3ES 03456
DMPCGDPGE-2) 0.1BE932 03p43
MPCGDPG-3)) 024827 0.0e80
CHECHED) 249002 0oets
ECBO-11 -3 586472 oS
D ECBO-Z]) ~1.707930 01488
D ECBO-2]) =£335717 00460
D¥HDI) -1 55702 0EsE2
DHD-110 32218651 04570
DAHDw-25 -1 576082 0.77e2
DaHDH-31) -17.46388 ooEs3
DHECEED"HDI) -4 109532 oim3
DAECISN-1"HDIF1]) EATEITE 0.zza3
TATEINS 0.14&8
TETE538 00562
- 297977 0.143s
oz=s818 00484
DEETas 0.5med3 1.023141 03Ty

* pvaiue Incompatibie with -Bounds distibution.

Leveds Equarion
Case I Restriched Corestant and Mo Trend

ariabie CosSicient  Sid. Eror tEfalistic  Frob.
ECBO ZANE18S 1255475 0o=34
DN OETIIN D555 01453
HDrECHED -2 4ATISES 1932232 01034
c E5E34 0381767 0oe2a

EC = PLODRG - (24162"ECIE80 + DATZIHDI -3 AT3S"HDIECIED - DLES93)

=Bourds Test Hul Hypothesls: Ko evels reationship
Tiest Efalishc alue Bigrif. 1oy {13
Asymplobic: n=1000
Fstalisfic TI05135 0% 237 32
5 3 5% 173 36T
2.5% 315 408
Lk ] ies 465
Actual Eampie Sies 3 Finke Sample: fm3s

0% 2818 35312
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ARDL-ECM and Short-run dynamics

ARDL Ermor Comaction Regression
Dependent Vanabe: DIFCE0PG)
Selected Modsi: SADLE 4, 4, £

Case 2 Fesircied Conssant and Mo Trend
Dt DSA421 Time: 2151

Sampie: 1350 2013

mchaded obssnaions: 33

ECM Regression
Caze I Resiricted Conestant and Mo Trend

ariabie CosSicient  Sid. Emor BESslishc  Frob.
DFCGDEG-1] OLIBE3ES O.1=4EE1 1.550m2 01520
DFCGDEG-2) OL1BEgE 01353 1.357023 03016
DFCGIDEG-3) O34T O.O=CHE 73T e
DCHECHED) 3 459002 14751583 Iodsds  OoaaT
DECBL-1]) -3 586472 0514343 o.oodT
EECBL-Z]) -~ TOTHX 1.67EHEE o.oHBeeE
EECBO-37) -533577 1.355001 00030
D¥HDH) -1 SeTedI: 2.B51E0E 0.5e8s
3 25551 02234
-1.E76088 05535
-17.45388 ooz3
-4 109538 0.8
E1TEITE 0.000S

TATENS ooy
TETES538 0.0ms
O.04EE
0.0mMES:

0.318782 0.es
020809 00000

Mean dependent var il ey
E.0. dependent var DLO913EE

5.E. of negression Aalke info criterion
Sum sguared nesid Echwarz cribenion
Log IksiFeod Hannan-Guinn criter.

Dourbin-i® atzon stat

* prvalue Inoompatibie with H-Ecunds distribution.

F-Bounds Test Null Hypothesis: Mo leveis reationship
Test Esalishc Walue Sianif. N {11
F-stafizic TIOS1%E % 237 332
K ! 5% 273 3ET

1.5% R H 4.08

LL ] aes 455
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Economic growth, economic complexity and control variables

Dependent Variable: PCGDPG

Method: ARDL

Date: 05/14/21 Time: 21:45

Sample (adjusted): 1985 2017

Included observations: 33 after adjustments

Maximum dependent lags: 4 (Automatic selection)

Model selection method: Akaike info criteron (AIC)

Dynamic regressors (4 lags, automaticy: ECIB0 HDI HDI"ECIBD

Fixed regressors: FOIP TOP GCFP C

Mumber of medels evalulated: 500

Selected Model: ARDL(4, 4, 4, 4)

HAGC standard emors & covariance (Bartlett kernel, Newey-West fixed
bandwidth = 4.0000}

Wariable Coefficient Sitd. Ermor t-Statistic Prob.*
PCGDPG(-1) -0.629785 0.127802  -4.924040 0.0008
PCGDPG(-2)} -0.100422 0.223043  -0.450234 0.8821
PCGDPG(-3) 0.DE0554 0.138415 04408680 D0.G888
PCGDPG(-4) -0.246827 0.071137 -3.471151 0.0060

ECIBD 3.481002 1.105082 3.1318688 0.0107
ECIBO{-1} -2 717700 1.323029  -2.0652754 0.0872
ECIBO{-2) -0.821448 1.692317  -0.485308 0.6378
ECIBO{-3} -0.627787 2580827  -0.243254 0.8127
ECIBO(-4) 5335717 2301485 2318380 0.04289

HDI -1.587802 4. 404543 -D.348778 0.7345

HDK-1} B.458770 3830801 1.754814 01088

HDH-2) -4 BE5T36 T7.045138  -0.8584811 0.5030

HD{-3) -15.78780 B.43521% -1.871431 0.0908

HO-47 17.46388 T 884455 2182728 0.0531

HOI*ECI8D -4.101834 1.518760  -2.508870 0.0224

HODI-1y"ECIB0{-1} 3.622165 1.850582 1.857311 0.0788
HDI-2y'ECIB0{-2) 1.001738 2407625 0416089 0.6881
HDI{-3YECIB0{-3} 0.501523 4100474 0.122308 0.2051
HODI-4)"ECIB0(-4) -7.672538 3527078 -21TGTES 0.0545

FDIP -1.217877 0.G32003  -1.924428 0.0832

TOP 0.255818 0.138035 1.830045 0.0958

GCFP 0.587447 0517388 1.135385 0.2827

C -1.340048 0873485 -1.534175 0.1580

R-squared 0.867875 Mean dependent var 0.005035

Adjusted R-squared 0577201 5.D. dependent var 0.058818

5.E. of regression 0.038116 Akaike info criterion -3 406354

Sum squared resid 0.014528 Schwarz critericn -2.453334

Leg likelihood 80.65884 Hannan-Quinn criter. -3.145410

F-statistic 2885731 Durbin-Watson stat 2056703
ProbiF-statistic) 0.032456

"Mote: p-values and any subsequent tests do not account for model
selaction.

64



65

Economic growth, economic complexity and control variables with institutional

quality

Dependent Variable: PCGDPG

Method: ARDL

Date: 05/18/21 Time: 16:28

Sample (adjusted): 1906 2017

Included observations: 22 after adjustments
Maximum dependent lags: 3 (Automatic selection)
Model selection method: Akaike info criterion (AIC)
Dynamic regressors (3 lags. automatic): ECIB0 HDI HDI"ECI80
Fixed regressors: FDIP TOP GCFP 1Q C
Number of medels evalulated: 182

Selected Model: ARDL(3, 3, 3, 3)

Variable Coefficient Sitd. Emor t-Statistic Prob.®
PCGDPGI-1) -0.841067 0281728 -3.213544 0.0847
PCGDPGI-2) -1.130024 0343858  -3.288221 0.0814
PCGDPGI-3) -0.793012 0311118 -2.5480807 0.1258

ECIBD 3437755 4487158 0.764428 0.5245
ECIBDI-1) 2.930808 3384220 2028444 00985
ECIBDI-2) 5.072588 5047734 0.7E3057 0.5251
ECIBOI-3) 15. 76131 B.852003 1.772528 02183

HDI 14 586820 5430158 2678025 01157

HDH-1) 5.935736 3. 631085 1.834201 0.2438

HDK-2) -31.90447 B.E5E864168  -3.724358 00851

HD-3) 26.08503 Q. 725318 2 882882 0.1154

HOI"ECIBD -3 408737 5228348  -D.662303 0.5725

HDI{-1VECIBO(-1) -11.58528 3.8974851  -28917162 01002
HDI-2y'ECIBO(-2) -3.383852 8200710 -0D.770001 05218
HDI-3y"ECIB0(-3) -20.298841 11.54475  -1.818005 0.2107

FDIP 3.364132 1.184288 2840812 01048

TOP -0.614814 0.332582  -1.B48008 02057

GCFP -3.8632310 1.038083 -3 405854 0.0730

IQ 0457811 0.184880 2. 775251 01080

C -10.44760 5534708  -1.BE7EH1 01887

R-squared 0.850584 Mean dependent var 0.005129

Adjusted R-squared 0421136 3S.D. dependent var 0.038297

5.E. of regression 0.026146 Akaike info criterion -5.029072

Sum squared resid 0.0013687 Schwarz criterion -4.038122

Log likelihood TH.32877 Hannan-Quinn criter. -4 TRE32T

F-statistic 2024885 Durbin-Watson stat 3.177308
Prob(F-statistic) 0382110

"Mote: p-values and any subsequent tests do mot account for model
selection.




Economic growth, economic complexity and institutional quality

Dependent Varable: PCGDPG

Method: ARDL

Date: 05/18/21 Time: 16:50

Sample (adjusted): 1986 2017

Included observations: 22 after adjustments
Maximum dependent lags: 4 (Automatic selection)
Model selection method: Akaike info criterion (AIC)
Dynamic regressors (4 lags. automaticly: ECIB0 HDI HDI"ECI120
Fixed regressors: Q2 C

Number of models evalulated: 500

Selected Maodel: ARDL(E, 4, 4, 4)

Variable Coefficient Sid. Ermor t-Statistic Prob.”
PCGDPGI-1) -1.051302 0.083693  -11.22089 0.0586
PCGDRPG(-2) -2. 105860 0.337024  -B.248429 0.1010
PCGDPG(-3) -1.860860 0381808  -5.007449 0.1255
PCGDRPGI-4) -1.503213 0.271844  -5.520887 0.1139

ECIBD 14 84834 4 367540 3.398187 0.1821
ECIB0{-1) 14.34280 3.087318 4 645843 01350
ECIBO(-2) 18.81836 3.882203 4 B47230 0.1285
ECIB0(-3) 21.59253 2932808 7.362884 D.0859
ECIB0(-4) 8.457823 1.158822 7.298837 0.0887

HDiI 10.32877 257271 4 015005 D.1554

HD-1}) 10.71708 1450480 7.358503 0.0856

HDH-2) -25 . 586844 2283158 -11.15774 00589

HOD-3) 34.31017 £.541558 4 075388 0.1532

HIOH-4) -4.248540 58501058 -D.772314 0.5813

HDI"ECIBD -16.08832 4 03TE28  -3.264802 0.1882

HDW-1VECIB0(-1) -17.36385 3.822503  -4.542561 0.1378
HDI{-2y"'ECIBD{-2) -23.77888 4.783288 4070540 0.1284
HDI-3)"ECIB0(-3) -26.84036 3412858  -7.B04256 0.0805
HDI{-4}"ECIB0{-1) -12.55831 1.586510 -8.017384 0.0780

Q 0688026 0118872 5.588168 01131

C -20.898865 3787545  -5.5703T8 01131
R-squared 08287432  Mean dependent var 0.005128
Adjusted R-sgquared 0.873804 5S.D. dependent var 0.038287
5.E. of regression 0.005887 Akaike info criterion -8.610857
Sum sguared resid 3 4BE-D5 Schwarz criterion -7.580207
Leg likelihood 115.7172 Hannan-Quinn criter. -8.365323
F-statistic 38.72814 Durbin-Watson stat 3817736
ProbiF-statistic) 0.1244686

"Mote: p-values and any subsequent tests do not account for model
selection.

66



