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Introduction

With the introduction of agriculture mankind entered upon a long period of
meanness, misery, and madness, from which they are only now being freed

by the beneficent operation of the machine.

Bertrand Russell, The Conquest of Happiness

Economic growth stems from innovation as it provides the tools for it, as demonstrated
time and time again by the three — arguably four — industrial revolutions that occurred
throughout human history (Schwab, 2016). Agricultural innovation is crucial for the
Sub-Saharan Africa (SSA) geographical area because most of the population is
employed in the agricultural sector (van Rijn et al., 2012; Larsen et al., 2010). This fact
bears three connotations. First, there is a generalized low-level of economic and
agricultural modernization. Second, any increase in agricultural innovation — and thus
agricultural productivity — can potentially shift the entire technological development
of SSA countries (Hall, 2011). Third, an increase in food quality can potentially
decrease the uncontrolled population growth that afflicts populous countries like
Nigeria (Gollin et al., 2019). For these reasons, agriculture is the backbone of any
society and as such it is a major contributor to economic growth (Idoko and Jatto, 2018;
Loto, 2011). The reason behind this issue goes back to the very nature of development
economics. The policies aimed at improving the economy of a developing country
touch various economic subfields such as business finance, marketing, small business
development and technology transfer (Acemoglu, 2010). Technology transfer is the
dissemination of technology from an entity — either a person or an organization — that
owns/holds it to another entity (Bozeman, 2000). This process occurs in several ways:
among universities, from universities to businesses, from corporations to small
businesses, and from governments to business across geopolitical borders. A clear

1
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example of this practice in the agricultural innovation sector is the development of
hybrid corn as a result of a collaboration network of researchers between various
universities (Liyanage, 1994). Therefore, there is a positive association between
technology transfer and innovation (Lemley and Feldman, 2016). In short, the process
of innovation — and agricultural innovation as well — stem from education (Spielman
et al., 2008; Spielman et al., 2009; Clark, 2006). This process is supported and diffused
by the (liberal) political regime and its institutions as democracy can allow the creative
process to take place (Bekana, 2019; Rogers, 2003; Siegle et al., 2004). Therefore, this
study aims to explore the relationships between agricultural innovation and

education, political regime, and institutional quality for several countries in SSA.

As previously stated, education allows for agricultural innovation which enables
economic growth accordingly (Spielman et al., 2008; Rivera, 2006; van Rooyen, 2017).
The consequences of this process result in higher productivity in the agricultural sector
and a decrease in people employed in agriculture implying that the modernization
progression is occurring (Idoko and Jatto, 2018; Gollin et al., 2019). It is argued that this
phenomenon transpires under liberal democracy and good quality institutions
(Bekana, 2019; Siegle et al., 2004; Rogers, 2003). The primary research question is hence
aimed to capture the relationship between education and agricultural innovation: how
is agricultural innovation impacted by average education years in adults older than
20 years depending on the country’s political regime and institutional quality? The
presence of average years of education in SSA countries is necessary in order to assess
both the populations” innovative potential and adoption. Both Spielman et al. (2008)
and Rivera (2006) argue that the more educated farmers are, the better suited they are
at being more productive, efficient, and more open-minded to new ideas allowing
agricultural innovation to take place. Also, an interaction term between education
years and institutional quality would shed light on how much the latter plays a role in
enabling education and agricultural innovation as well. The same goes for education

years and political regime so that the claims made by Bekana (2019) might or might
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not be confirmed by this study. These claims argue that the interaction term between
human capital and democracy has a negative coefficient for democracy and a positive
coefficient for autocracy. The main difference between this study and Bekana (2019) is
that innovation is defined as a much broader process not just focused on agriculture.
The dependent variable agricultural innovation is made up of the increase in crop yield
over time. The increase in efficiency is explained by the use of more capital-intensive
tools, e.g. improved varieties of seeds and fertilizer use. The main independent
variable education is measured as average years of study in a country, political regime
is constituted by a liberal democracy index, and by institutional quality which itself is
made up of several indicators — i.e. voice and accountability, political stability and
absence of violent conflict, government effectiveness, regulatory quality, rule of law
and control of corruption. A clear example of how any country could reap benefits
from agricultural innovation is presented by the case for India. By using Israeli-
developed drip-irrigation systems, Indian farmers managed to get higher crop yields
with less water being consumed (Goyal, 2016). This is proof that the increases in
innovation and productivity make it possible for any nation to play a more active role

in the world political and economic checkboard (Acemoglu et al., 2004).

Agricultural innovation and education might differ across various political regimes.
For example, in the SSA geographical area newfound democracies are relatively weak
compared to autocracies which bolster much stronger institutions (Mansfield and
Snyder, 2007; Bekana, 2019). However, democracy does play a positive role in enabling
innovation in developing countries while autocracies perform much worse because
they restrain personal creativity (Mainwaring et al., 2001). The sub-questions would
be how is agricultural innovation impacted by the political regime of a country?
How is agricultural innovation impacted by the institutional quality of a country?
Democracy not only promotes the creation of knowledge and innovation but also its
dissemination (Siegle et al., 2004). This variable would explain how much ‘open’

governments are to new ideas and how much they would be willing to focus on
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agricultural innovation, education and facilitating the growth of the primary sector
(Bekana, 2019). Given the results from the abovementioned research, investigating the
role played by the political regime and institutional quality on agricultural innovation
would be of great use to policymakers. In order to capture such phenomenon, two
interaction terms have to be developed: between education and political regime and
between education and institutional quality. This fact is supported by several
researchers who state that one of the main impediments of SSA development lies on
institution building (Clark, 2006; Spielman et al., 2008; Eicher, 2006; Haggblade et al.,
2005; Kroma, 2003). The links between agricultural innovation, education and both the
political and institutional backgrounds in a given country in the SSA geographical area
are relatively unexplored. This means that research on the subject might reveal how
the relationships between these variables work in the SSA area (Spielman et al., 2008;
Rivera, 2006; van Rijn et al., 2012). The “perfect habitat” for agricultural innovation to
be nurtured would require a country to have a well-educated population, a democratic
regime, and a high level of institutional quality (Bekana, 2019; Freeman, 1987;
Cheeseman, 2015; Global Innovation Index, 2019; Bartel et al., 2007; Tomich et al., 2019;
The World Bank Report, 2008). Unfortunately, SSA countries are far from being
modernized nations where innovation is supported. The reason why this is so will be
revealed in chapter 1. The value of agricultural innovation is made clear by the 2017
World Food Prize Winner Akinwumi Adesina, “unless Africa uses modern
technologies, our farmers’ output will remain low and we will remain dependent on
others to feed us” (Cornell Alliance for Science, 2017). Furthermore, as stated by
Spielman et al. (2009, p. 4) “the link between empirical analysis and policy
recommendations remains either nascent or weak in the application of the innovation
systems framework to developing-country agriculture.” Up until now, there has been
no empirical attempt at linking agricultural innovation, education years, political

regime, and institutional quality in the SSA geographical area using panel data.
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The matter hereto will be developed further in the following chapters. Namely,
chapter one will deal with the theoretical background. This chapter will include a
literature overview, the theoretical model, and the theoretical assumptions layout.
Chapter two is devoted to the methodological elaboration of the analysis. Chapter
three will present the results obtained through the methodological regressions

employed. Concluding remarks shall be produced in the final part of the thesis.
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Chapter 1 - Theoretical background

A fertile soil alone does not carry agriculture to perfection.

E.H. Derby, A Defense of Agriculture, Lessons in Modern Farming

1.1 — Literature overview

Before unveiling both the theoretical model and the assumptions, a literature overview
is provided in this section. Hence, the thesis” positioning will be assessed by comparing
the abovementioned research questions with preexisting literature. First, the main
variables — i.e. agricultural innovation, education, political regime, and institutional

quality — will be presented in-depth. Second, the control variables will be described.

1.1.1 — Main variables

1.1.1.1 — Agricultural innovation

A general view on agricultural innovation in SSA

Innovation in general is very well conceptualized in Schumpeter’s words with respect
to the freedom that the entrepreneur is endowed with. Such freedom is however
bestowed upon them by the institutions which exert a certain influence over them and
might either boost or restrict their innovative potential (Schumpeter, 1934; Hagedoorn,
1996). As such, an autocratic country in SSA would not allow that many freedoms
while a country with a much more democratic outlook would enable innovation much
more easily (Bekana, 2019). Thus, undemocratic countries restrict independent
thought and therefore a country’s innovative potential could be severely limited!.

Innovation is thus defined as a process that starts from developing an invention and

1 The SSA geographical area is made of a diverse array of countries with different cultural backgrounds
that impacted their institutions and thus their innovation processes (Rivers, 2019). This topic will be

explored in depth in subsection 1.1.1.3.
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marketizing it according to its institutional laws —i.e. under democratic market laws
or autocratic market laws (Spielman et al., 2008). The former is more open to trade
while the latter is more autarkic, inward-looking, and closed. It follows that innovation
is determined by the type of political regime set in place in a country. The importance
of both the political regime and institutional quality will be debated further on.
Spielman et al. (2008, p. 4) define innovation as “anything new that is successfully
introduced into an economic or social process.” Two types of innovative products
exist: sustaining and disruptive technologies? (Christensen, 2016). Sustaining
technologies are those that “foster improved product performance” (Christensen,
2016, p. xix) and occur much more often than the other type. Disruptive technologies
are “innovations that result in worse product performance, at least in the near-term”
(Christensen, 2016, p. xix). This dichotomy is also of interest with respect to
agricultural innovation in the SSA geographical area. Mainly because it is still
relatively unknown whether modern agricultural innovation technologies will be
sustaining or disruptive to the technological level of a particular country — e.g.
instructing farmers to use advanced artificial intelligence software in a poor SSA
country would be much more disruptive than enhancing their previously traditional
set tools that they had at their disposal (Valipour, 2015). This might be because SSA
countries are ‘not prepared’ yet for the third industrial jump — or as Schwab (2016)
argues fourth — since their technologic infrastructure levels are still lagging behind
with respect to other developing countries — e.g. North African countries. It follows
that a ‘step-by-step” technological sustaining agricultural innovation process should
be taken to avoid the potential negative effects that a technological disruption might

entail (Valipour, 2015). Furthermore, new technologies do play a role in the

2 These two different types of technologies are the byproduct of different innovation philosophies
employed by different entities — i.e. corporations, governments, individuals etc. (Christensen, 2016).
Disruptive technology is usually the output of linear research as it aims at radical inventions that

produce impactful changes (Hall, 2006; Vazquez-Barquero, 2002; Spielman et al., 2008).
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development of agricultural knowledge in SSA (Kirpich et al., 1999). However, it is
also worth considering the role played by the plentiful labor force in the SSA
geographical area as many workers would remain unemployed if they are to be
substituted by machinery (Kuper et al, 2009). This is because unemployment
insurances are essentially absent in SSA and thus, being unemployed is a grave hazard
for SSA citizens (UNDP, 2014). It is worth mentioning that agricultural innovation in
the SSA geographical area is focused on trade, productivity-related measures and
extraordinarily little on research and development (R&D) expenditures and patents
(Nin-Pratt, 2012). This fact is confirmed by two statements. First, domestic research is
very underfunded and still relies heavily on trade imports (Danquah, 2018). Second,

truly little domestic innovation can be found in SSA (Global Innovation Index, 2019).

Agricultural innovation factors in SSA

There are several factors in SSA innovation theory: land-labor ratios, post-conflict
society, landlocked geography, and open economy?® (Larsen et al., 2010). Land-labor
ratios are captured by the ratio between arable land and farmers. Post-conflict society
refers to a given country’s history of (civil) war(s) and the damage that it might have
caused to a country in recent years if any. Landlocked countries are more dependent
on non-landlocked countries as the latter has a direct access to commercial sea-routes
and are ‘less in the spotlight” foreign-direct-investment-wise (FDI) (Rjoub et al., 2017).
Open economy refers to the market laws enacted by the institutions in a country —e.g.
a democratic country is more economically open than an autocratic country on average
(Bekana, 2019; Global Innovation Index, 2019). In addition to these factors other
aspects deemed important in agricultural innovation are: the increased usage of
machinery — e.g. tractors — fertilizer distribution, a more diverse array of seeds —i.e.

higher seeds quality — fertilizer use and enhanced crop yields (van der Westhuizen et

3 Open economy is a quality that is expected to be correlated with the political regime variable — i.e.

democracy index.
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al., 2017; Larsen et al., 2010). An additional component in determining agricultural
productivity is Total Factor Productivity (TFP) which has been amply used in order to
determine a country’s productive capabilities. Plenty of research confirms that TFP is
strongly influenced by both domestic and foreign R&D expenditures in the primary
sector (Gutierrez and Gutierrez, 2003; Luh, Chang, and Huang, 2008; Alene and
Coulibaly, 2009; Mohan et al., 2014; Adetutu and Ajayi, 2020). However, domestic
expenditure is more important economically as well as being more statistically
significant than foreign expenditure. They determined that TFP grows 4.8% annually,
driven mainly by technical innovation which has an improvement of 3.2% per year on
average. Still, efficiency change has a negative impact on productivity and reduced
TFP average annual growth rate of —0.8%. This might be because of inefficient
subsistence agriculture and low agricultural innovation in SSA. Thus, it appears clear
that innovation is key in enabling productivity in a country. This also applies to the
SSA geographical area wherein the primary sector significantly contributes to Gross
Domestic Product (GDP) (Idoko and Jatto, 2018; Adetutu and Ajayi, 2020; Maredia et
al., 2000; Beintema & Stads, 2011; Masters et al., 1998). It is also reported by several
studies that ‘conventional’ tools do not contribute to productivity growth in
agricultural output significantly (Fan et al., 2004; Schultz, 1956; Timmer, 2005). Even
though TFP sounds a solid option it is just too broad to analyze and also lacks
meaningful units of measurement (Barnett II, 2007). Furthermore, the very concept of
TFP is undermined by an argument that stands for balancing quantity which makes
TFP appear as a modeling artifact. Levels are seldomly measured and input, output

and residual growth are unitless.

The importance of agricultural innovation in SSA

For the abovementioned reasons, “agricultural innovation is widely viewed as an
important factor for economic growth and development in SSA” (van Rijn et al., 2012,
p- 2; World Development Report, 2009). The technological progress has however been

slow in this area because ever since the 1960s, efforts to boost crop yields have faltered
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by cuts in research programs such as fertilizer distribution (Larsen et al., 2010; World
Bank, 2007). These former colonies sought to catch-up with the rest of the world with
respect to agriculture. Thus, R&D expenditure got lowered mostly after SSA countries
gained independence from their previous overlords.* This “self-identity confusion” led
SSA countries to have low quality institutions and tyrannical regimes that do not
support the research endeavor on average (Nkomazana, 1998, Wanasika et al., 2011).
Therefore, the root of the agricultural crises that are transpiring in SSA could be
pinpointed to an institutional crisis which had negative spillover effects on both
education and innovation. This translates to the fact that the less prepared farmers are,
the less they can come up with more innovative solutions while also adopting new
technologies. These new technologies are also imported from other countries based on
trade openness (Danquah, 2018). It is important to remark that the structure, quality
and dynamics of the agricultural innovation system drive agribusiness and the
agricultural sector (Larsen et al., 2010; Haggblade et al., 2007). This implies that
whatever policy is applied on agricultural innovation, it will influence a country’s

economic, political, and social prosperity for years to come.

In this research, the key relationships that shall be covered is between average
education years in adults older than twenty years® and agricultural innovation
measured by increased productivity® while also considering the country’s background
political regime and institutional quality. The economic relevance of this research is

highlighted by the fact that this relationship has a positive spillover effect on economic

¢ It is worth mentioning that depending on their former colonial master, education and innovation
processes were — and still are — shaped differently. Former British colonies such as Nigeria indulge in
research mandates while former French colonies such as Mali still retain elitist education systems

(Spielman et al., 2008).
5 Since they themselves are those that have the potential to improve preexisting agricultural methods.

¢ For example, increased crop yields due to better seed being used.

10
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growth. This is explained by the fact that the agricultural sector plays a major part in
determining a country’s GDP as stated in the paper by Idoko and Jatto (2018). Since
agricultural innovation is the dependent variable in this research, I provide several
examples that would allow the reader to be aware of the clear advantages that

agricultural innovation entail over time.

Agricultural innovation examples

Israelian technology in India: a success story

The following example would set a rather profitable case to the SSA geographical area.
If Indian economists and agriculturists would not had considered Israel’s successful
agricultural fight against its desertic regions, they would not have applied those
technologies in India achieving successful economic results. As such, the same
innovative policy might be worth considering for the SSA geographical region
(Karlberg and de Vries, 2004). As reported by Goyal (2016), experiments in Israel
registered impressive success when the Blass system” was applied in desert areas such
as Negev and Arava. Prior to this intervention, both areas were deemed unsuitable for
agriculture because of saline water, high temperatures, low relative humidity, and
sandy soils. A field trial in Arava reported that 65.0 metric tons of winter tomatoes per
hectare were produced by using drip-irrigation as opposed to just 39.0 metric tons with
sprinkler-irrigation. This system was also applied in India. By using this method, India
greatly benefited from this as only 50 Ha in 1975 were applying drip-irrigation while
in 2009 there were more than 1.53 MHa being covered by drip-irrigation. This means

that total productivity increased while being enabled by agricultural innovation.® This

7 In early 1940 Symcha Blass, a Polish-Israeli engineer, “observed that a large tree near a leaking faucet
exhibited a more vigorous growth than the other trees in the area, which were not reached by the water
from the faucet. This led him to the concept of an irrigation system that would apply water in small

amount, literally drop by drop.” (Goyal, 2016, p. 3).

8 It is worth noting that this could potentially have positive spillovers in other sectors such as secondary

and tertiary sectors since refinement processes, food quick-freezing and loans for expanding factories

11
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technological advance positively contributed to Indian economic growth (Kaur et al.,
2016). This would also limit the spread of “Water Wars” —i.e. conflicts that stem from

the conflictual appropriation of water resources between parties (Starr, 1991).

Agricultural Education Training (AET) programs: small islands of success

Although a comparison external to the area of operation (AO) might be useful, it is
necessary to view what programs have been put forth over the years in SSA. One of
many initiatives will be presented in this subsection. The main aims of these programs

in general were to boost education, innovation, and productivity in SSA countries.

As reported by Spielman et al. (2008), postsecondary education — also known as (aka)
tertiary education — training programs have been deployed in order to better the
innovative potential of farmers by improving their education. Their objective was to
align the AET organizations” mandates with the national development objectives to
attune the supply side with the demands and needs of society. Incentivizing also
played a role in reinforcing the linkages between AET professionals and organizations
and knowledge sources and private industry on the other. Interventions aimed at
strengthening AET programs are long-term and thus the financial costs were
remarkably high. AET programs were — and still are —needed when national education
systems fail (Mowery and Sampat, 2005). The main results of these programs brought
only a lackluster success, however. For instance, AET programs in Kenya managed to
bring together researchers and private industries to develop and deploy technologies
(Smith, 2005). Regrettably, these AET programs did not manage to deliver the expected
results. These ‘successes’ were only ‘small islands” in an ocean of chaos and
disappointment. The reason behind the ‘small islands” effect is mainly due to the

plentitude of Non-Governmental Organizations (NGOs) pouring investments on

would be needed. Trade would also flourish as the productivity, efficiency and quality of the goods
being produced increased. However, economic growth does not happen without both food industries

and health institutions to sustain it.
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everything but agricultural development (Haggblade, 2005). Furthermore, the help
provided by NGOs at the local level did not scale up at the country level. Eicher (2006)
found that the investments targets by NGOs were aimed mainly at education and
health but not agricultural innovation®. This is confirmed by Cletzer et al. (2016), in
which they state that while AET institution-building in Asia has reported success the
same cannot be maintained for SSA. This is clearly explained by the fact that South
and Southeast Asia have been institutionally developed so as to prepare them for the
growth that took place in the 1960s (Ruttan, 1991). Ruttan (1991) believed that by 2010
the situation in SSA would have been the same as in 1991. Unfortunately, he was right
mainly because of the research focuses that were not directed at institution-building
as proved by Spielman et al. (2008) research. The encountered difficulties in SSA are
of a diverse nature: institution building, non-similar countries, colonialism backdrop
effects, failing budgets for agricultural education and training, linear research
fixation'’, outdated curricula and political instability (Clark, 2006; Spielman et al., 2008;
Eicher, 2006; Haggblade et al., 2005; Kroma, 2003). Thus, what is still lacking in these

programs is: political support for agriculture at the country level, flexible framework for

 According to Kane and Eicher (2004) external aid to African agricultural development shrank from
29% in 1981 to 10% in 2001. On the other hand, the aid to the rural poor — mainly in the form of health

and education — increased from 22% in 1981 to 56% in 2001.

10 Tinear research aims at advanced technologies and radical innovations which cause technological
“shocks” that change production modes (Spielman et al., 2008). This is further confirmed by Christensen
(2016) in which he deems this kind of research as disruptive to the preset technological and economic
environments. In addition, its main strategies mainly rely on supply-driven science and technology,
conventional research continuum - i.e. basic, strategic, applied, adaptive research. With respect to
education strategies it tries to establish technological transfers from education to research to extension
to user. R&D is carried out by large firms and/or the government. The main instruments of linear science
are direct public financing, indirect public financing — e.g. subsidy programs, incentive schemes — and

private investment (Hall, 2006; Vazquez-Barquero, 2002; Spielman et al., 2008).
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structuring tertiary education institutions and a curriculum reform based on SAFE

methodology! (Cletzer et al., 2016).

1.1.1.2 — Education

A general view on education in SSA

Average years of education is deployed as a variable in the econometric model in order
to explain the importance of human capital. “Human capital theory is about the role
of human capital in the production process and the incentives to invest in skills,
including pre-labor market investments (in the form of schooling) and on-the-job
investments (in the form of training)” (Danquah and Amankwah-Amoah, 2017, p. 2).
There is a large amount of literature that state that human capital development is the
major contributor to both innovation and technology adoption (Danquah and
Amankwah-Amoah, 2017; Nelson and Phelps, 1966; Romer, 1990; Aghion and Howitt,
1992). The diffusion of knowledge — and thus innovation —is greatly helped by human
capital, i.e. education (World Development Report, 1998). As stated by Easterlin (1981),
the more education the easier it is to create new technologies. It follows that in order
to frame the effect that education has on agricultural innovation, the average education
years are to be considered during the analysis. However, informal education -
captured by the years of experience per worker — is also relevant especially in
underdeveloped geographical areas such as SSA (Kalirajan and Shand, 1985; Rivera,
2006). Regrettably, this type of data is extraordinarily taxing to gather and would

require field experiments.

11 The SAFE methodology is made of six steps: “(a) a scoping and situation analysis involving
stakeholders, (b) underlying philosophy, visioning, and learning theories linked to pragmatic contexts
of practice, (c) thematic subject matter content, (d) experiential/active learning experience based on
Kolb’s experiential learning model, (e) enabling environment, and (f) institutional networking” (Kroma,

2003, p. 362).
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As reported by Spielman et al. (2008) innovation is about doing something new by
using existing or innovative information in new ways. This process can only be
enabled through education and supported through a democratic political regime and
good quality institutions. According to Larsen et al. (2010), the more investments are
poured on average education years the more skilled farmers will be. Thus, in order to
compare the workers’ skillset and their ability to cope with agricultural innovation it
is necessary to measure average education years for adults. This is confirmed by Weir
and Knight (2000) as they found schooling years to be fundamental in providing
benefits to farm outputs and shifting the production frontier forward. Their research
found that farmers tend to be early innovators if and only if they are educated. Also,
they state that social learning is a positive externality. That is, if uneducated farmers
learn from educated farmers then part of schooling includes the positive externalities
provided by spreading know-how on-the-job. This represents a ‘social form” of
innovation diffusion that is enabled by increased education levels. Therefore,
education can be captured by average school years as it provides the basic tools for
agricultural innovation. This is also confirmed by Larsen et al. (2010) in which they
state that college graduates have more grasp of agricultural innovation as opposed to

less educated individuals.

Rivera (2006) recommends reforms that focus on human capital development and
linkage-building efforts. A clear example would be to extend additional years of
education on formal degree courses so that they might include more informal'2
education that would bring both public and private entities together. This could be
achieved through government incentives to promote innovation. However, this would
depend on a country’s political regime and institutional quality. Unfortunately,
education in SSA countries is generally weak because of the less developed institutions
that cause even further instability and uncertainty at the economic, social, and political

levels (Radjou et al., 2012; George et al., 2012). The results from previous research

12 Which is made of in-service, nonformal, and continuing education.
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found that freedom-oriented policies are essential to develop the innovation
capabilities of a country (Bekana, 2019; Baum and Lake, 2003). This means that a
democratic political regime would benefit from the rise in education and therefore
agricultural innovation. The research paper by Akpo and Hassan (2019) found that
institutional quality — especially rule of law and control of corruption — plays a large
role in setting back education in SSA countries. Furthermore, the role of democracy
and its impact on education was found to be positive and significant (Bettencourt,
2013; Stasavage, 2005) as opposed to autocracies (Stasavage, 2013). In this research, the
interaction between political regime and education and the interaction between

institutional quality and education shall be considered as of key significance.

The importance of education in SSA

The research by Ang et al. (2011) states that the growth enhancing effects of tertiary
education attainment provides innovation only in high-income countries. However, in
low-income countries this effect is not present and thus tertiary education attainments
play no role in innovation and economic growth. The same has been found by
Danquah and Ouattara (2014) in which they state that human capital does not exert a
statistically significant effect on productivity growth. They link this fact to a closing-
up of SSA countries to the world technological frontier. It is also argued that
governments’ ability to initiate innovative policies — while also ensuring an effective
implementation — stands on the quality of human capital and institutions (Amankwah-
Amoah, 2016). The matter of disruptive technologies has been tackled in section 1.1.1
and it can be brought up here once again. Disruptive technologies could be handled
with a more integrated, less hierarchical model in SSA. The research by Spielman et al.
(2008) intended to propose a method that could form highly prepared professionals
that could master extremely complicated technologies, adapt to a complex
environment and be able to enjoy a vast network of scientific and technical
information. Inauspiciously, this could not be achieved because of increasingly

complications and disappointments from the unsatisfactory results been achieved
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(Eicher, 2006). Thus, the great question now is: “How, where and when will the next
generation of African agricultural teachers, researchers and extension workers be
trained?” (Eicher, 2006, p. 9; Cletzer et al., 2016). The donors to the AET program left
their support because of two reasons: the rising cost of graduate education and SSA
politicians, institutions, and donors lack of incentivizing programs to keep students
after their graduation - i.e. reverse return (Alex & Byerlee, 1999). In short, an SSA
graduate student would like to emigrate to a more advanced country rather than
remain in their native land because of less incentives being present. And for this
reason, the institutional quality of SSA countries will be analyzed as well. Education
is a pre-condition to establish democracy in any country (Carlos, 2016). Education is
important not only as a means to better income and employment for individuals, but
it also leads to better life expectancy, better health care, and greater community and

political participation (Akpo and Hassan, 2019).

Figure 1: average education years in Africa

The above figure shows the average years of education in Africa. Lighter areas have

less average education. Source: Global Data Lab.
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1.1.1.3 — Political regime and institutional quality

A general view on political regime and institutional quality in SSA

Institutions and a country’s political regime have an important role in determining
how agricultural innovation and education will play out in a country. This mechanism
is framed in the research by Bekana (2019) in which political institutions and regime
type are major contributors to innovation. The reason behind the low institutional
quality and the slow transition to democratic regime is what severely limited the
innovative capacity of SSA countries (Ndubuisi, 2015). As such, democratic
development positively impacts innovation both directly and indirectly —i.e. through
research grants and the indirect impact that it has on human development. In short,
democracy stimulates human capital accumulation and knowledge growth by also
promoting their diffusion (Freeman, 1987). Undemocratic institutions are harmful to
human capital development —i.e. education. It is important to note that only 25% of
African states are deemed free — e.g. Mauritius, Namibia, Benin etc. — by the report on
Freedom in the World (2019). Most African states — e.g. Burundi, Democratic Republic
of Congo, Kenya, Zimbabwe etc. — have authoritarian inclinations (Cheeseman, 2015;
Global Innovation Index, 2019). However, as of late the situation changed for the worse
in several countries including Benin — a usual top-performer. Benin opposition forces
were effectively excluded from legislative elections thus lowering the democratic
procedures in the country. Nigeria experienced irregularities during its last elections
with a gloomy rise in intimidation and violence against voters. Leaders of Tanzania,
Zimbabwe, and Uganda worked their way to silence their opposition. Sudan
prodemocratic reformers are still struggling against the military in hope of a power-
share agreement. On the other hand, Ethiopia reformed some restrictive laws such as
allowing banned political groups to be active and freely operate (Freedom in the

World, 2020).
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It is important to remark the history of this geographical area as it would surely aid in
grasping the underlying complexities of SSA. The SSA geographical area is made of 53
countries and therefore an extremely high number of spoken languages, expressions,
tribes, and customs are active (Rivers, 2019). A large part of the region consists of the
Bantu people, an egalitarian, hunter-gatherer, and agrarian group (Wanasika et al.,
2011). Nevertheless, a hierarchical structure was necessary for them so as to exert
control throughout their domains. European colonialism played a major part in SSA
and unfortunately disrupted the preset establishments, thus weakening local
populations both culturally and institutionally. This process occurred through what
scholars call the ‘three Cs”: Christianity, Commerce and Civilization (Nkomazana,
1998; Wanasika et al., 2011). The case for Madagascar is a brilliant example of how
those regions that received much stronger property rights and legal institutions during
the colonial period recorded greater economic outcomes as compared to other regions
(Wietzke, 2015). This ‘mission to civilize’ introduced various European ideas and
concepts that were alien to SSA peoples. For instance, “British colonial governance
introduced the organization of political unions, racially discriminatory practices
including seclusion, confinement and an “inability to own property’” (Wanasika et al.,
2011, p. 235). Therefore, chaos and distrust between social parties ensued as well as an
increase in corruption, nepotism, and violent outbreaks leading to the formation of
autocratic governments (Dorfman et al., 2012). For the above reasons, the oppressive
‘African Strong Man policy’ emerged (Rivers, 2019; Dorfman et al., 2012). Quite
expectedly, the local population does not agree with the values set by their tyrannical
leaders as they value inclusivity and cooperation within groups more than the despotic
and undemocratic values set by dictators (Booysen and van Wyk, 2013; Mangaliso,

2001; Mbigi and Maree, 1995; Rivers, 2019).
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Liberal Democracy Index (2019)
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Figure 2: Liberal Democracy Index (2019)

The above figure shows the liberal democracy index in the World. The SSA
geographical area is lagging behind in terms of democratic values. Source: Varieties of

Democracy, Global Standards Local Knowledge.

The importance of political regime and institutional quality in SSA

Regrettably, SSA populations that were — or still are — under an autocratic regime
would not benefit from a regime change at least in the short-term. Based on empirical
research by Bekana (2019), the negative interaction term of human capital and
democracy and the positive coefficient with autocracy'3, suggest that human capital on
innovation is better under autocracy than under democracy. This might be explained
by the fact that at the initial stages of development, a country needs strong guidance

that is found to be lacking in newfound democracies. This counterintuitive finding is

13 Found to be insignificant with basic models (e.g. OLS) but highly significant with lagged values of

human capital and political institutions.
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confirmed by the case for Angola as it provides the basis for the effect that elitism has
on development. A selected few greatly benefited from oil rents, however they
managed to improve Angolan infrastructure, utilities etc. because of their high-quality
institutions (Ovadia, 2012). The example of Malawi might also shed some light on the
role of a weak democracy, badly organized institutions, and their negative spillover
effects on innovative mandates. Malawi implemented state reforms in order to
accelerate modernization and commercialization of agriculture through private-public
partnership (PPP) methodologies. This however allowed the local elites and
companies to prosper at the expense of more vulnerable groups — e.g. small
landowners (Mdee et al., 2020). Also, Danquah and Amankwah-Amoah (2017)
reported that almost all the countries in the SSA sample suffered from a technical
regress or decline in innovation in the past decades. Nevertheless, an efficiency change
and/or adoption of technology was reported. Human capital has a positive effect and
it is statistically significant with respect to efficiency change while it has nil statistical
significance with respect to innovation. According to Lipset (1959) and Barro (1999),
their empirical results state that a high level of education is required in order to sustain
democracy. Democracy not only promotes the creation of knowledge and innovation
but also their diffusion (Siegle et al., 2004). “Diffusion is the process by which an
innovation is communicated through certain channels over time among the members
of a social system,” (Rogers, 2003, p. 5). Thus, analyzing the perfect-political and
institutional ‘habitat’ for innovation and education is fundamental in order to grasp the
complete picture. The reason behind this statement is that periodic democratic
elections could fail to be applied over time if education is not a country’s focus. This is
confirmed by the fact that authoritarian regimes try to sabotage educational programs
and instilling propaganda on their citizens. To summarize, the political regime and the
institutional quality of a country impact education. These relationships have to be
accounted for as education is the main determinant for agricultural innovation. The

control variables for this study will be debated in the next subsection.
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1.1.2 — Control variables

1.1.2.1 — Urbanization

This phenomenon illustrates the percentage of people living in an urban environment.
Thus, it indicates the modernization level of a country and if the institutional quality
is high enough both innovation and economic growth will be positively impacted
(Adams et al., 2016; United Nations Development Program, 2014). Urbanization plays
a key role in defining development. It is important to remember the historical lessons
provided by the industrial revolutions that transpired during the 19% century in
Europe. The more a country modernizes the more urban centers will sprawl on its
territories. Nevertheless, an increase in modernization as measured by urbanization
does not always translate to high quality institutions being present (Caldeira, 2017).
Also, urbanization causes a profound shift in politics both at the local and country
levels due to shift in people being employed in different sectors, different problematics
to tackle — e.g. higher crime rates and higher income inequality — also leading to a

change in social policy, planning, law and citizen participation (Holston, 2009).

The industrial revolutions that took place in 19 century Europe saw a shift from rural
communities to cities so that both the secondary and tertiary sectors could develop.
This was mainly caused by an increase in wages in agricultural jobs (Bartel et al., 2007).
This ‘agricultural depopulation” did not however made the primary sector less
important as dietary tastes evolved and more refined foods were needed (Tomich et
al,, 2019). Furthermore, the lack of people employed in the rural areas translated to an
increase in capital-intensive agricultures with more innovative methods and
machinery (Clark, 1940). There is also a huge divide between those previous centuries
in Europe and modern-day SSA due to the fact that if the agricultural sector is proven
to be worthwhile in terms of salaries and productivity, the percentage of employed
population might not decrease as expected and thus slow the urbanization process
(McGowan and Vasilakis, 2019). However, as Haggblade et al. (2007) note, most

technological change occurs in the Rural Non-Farm Economy (RNFE) in rapidly
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growing rural regions. In most developing countries the total land area available for
agriculture stays constant over time (Masters et al., 2013). This is confirmed by the fact
that agricultural innovation increases both agricultural productivity and demand for
land, labor and capital as farms require more workers and machinery to process the
additional output leading to much higher wages (Foster and Rosenzweig, 2004;
Hornbeck and Keskin, 2015). There is also ample literature that confirms the role
played by agricultural productivity with respect to other sectors” growth:
improvements in the primary sector may lead to a crowding-out effect on other sectors

(Mokyr, 1976; Wright, 1979).

The findings by Matsuyama (1992) show how the increase in crop productivity leads
to other economic sectors to contract in a more open economy. The paper by Acemoglu
et al. (2004) reported that only a nation with a certain level of agricultural productivity
and well-developed transport and trade systems can sustain large urbanized centers.
Furthermore, the empirical results got by McGowan and Vasilakis (2019), show that
agricultural productivity and innovation are key determinants of urbanization. They
also find that hybrid approaches lead a return of laborers from other sectors to
agriculture, leading to a less urbanized economy. Their study however focused on the
United States. Thus, there might be a possibility that what they found is (not)
generalizable to the SSA.

The past century’s urbanization trends show several signals with respect to the change
in farm size. Urban population growth —i.e. urbanization — is determined by several
factors: natural growth, migration, and boundary changes. Urban centers vary across
country however and comparability is confounded further by the differences in urban
areas delimitation and lack of census data (Andersson and Jirstrom, 2013). African
urbanization however is a unique process that entails two features: an extremely fast
pace and a dramatic change in the very concept of urbanization itself, which occurs
without the expected economic development. African urban growth is predominantly

driven by natural growth. The fast shift between rural and urban centers is also
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explained by the fact that there is truly little difference between rural and urban

incomes. The figure down below illustrates this fact.

Total Rural Population (millions)
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Figure 3: total rural population in various continents

The above figure shows the total rural population in millions, 1950 to 2050. All major
continents/nations are displaying a diminishing rate of rural population with the
notable exception of the SSA geographical area. Source: United Nations, Department

of Economic and Social Affairs, Population Division, 2014; Tomich et al. (2019).

Based on the findings by Andersson and Jirstrom (2013), the rate of urbanization may
have positive effects on population growth and thus the need for agricultural
innovation — i.e. more efficient and productive farms — would be in great demand.
Tomich et al. (2019) show that urbanization is associated with significant dietary
changes as more reliance on processed foods will be present. They also find that as the
population shifts to an urban environment, more agricultural innovation will be
required. Another important result is from D’Amour et al. (2016) who believe that the
expansion of cities through 2030 will keep on increasing on some of the world’s most
productive croplands, including SSA. They find that most of the cropland loss will be
coming from urbanization in Africa and Asia. Additionally, several studies (Kessides,

2005; Foresight Africa Report, 2016; Crenshaw and Jenkins, 1996) found that
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urbanization leads to economic and social prosperity through technological

innovation.

1.1.2.2 — Agricultural employment

As written in the World Bank (2008) report, the rural to urban migration might
decrease population employed in agriculture but increase agricultural innovation
because of the creation of a less labor-oriented agricultural sector. Thus, there is an
association between urbanization and population employed in agriculture that should
be accounted for in this analysis. Policymakers in land-extensive economies — e.g.
Mozambique - wusually develop large-scale operations while also bettering
smallholders in the market economy. The latter makes no utter sense given the lack of
incentives to apply inputs in an environment which is severely impaired
infrastructure-wise (Larsen et al., 2010). Gollin et al. (2019) found evidence that the
large fractions of people moving because of structural changes in society happens
across locations, namely from rural to urban locations. They also find that increases in

agricultural productivity results in decrements in population growth.

When land-labor ratio is high, mechanical technology can help seasonal labor
constraints by increasing acreage. This is caused by more planting and harvesting
needs, i.e. more labor and/or capital are required (Spencer and Byerlee, 1976). In
Rwanda, a land-scarce country, farmers seek to maximize the crop yield from their
limited resources as opposed to land-extensive economies such as Mozambique
(Larsen et al., 2010). Tomich et al. (2019) found four important and complementary
mechanisms which impact the population employed in agriculture in developing
countries: upsurge in farm income, diminished food prices, more employment
opportunities and higher wages due to contracting demand for rural labor, and rural
to urban migration — i.e. urbanization. In short, uneducated farmers might potentially
lose a great deal because of their educational unpreparedness which would leave them

behind due to greater innovative tools being used in the primary sector.
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SSA economies remain predominantly agriculture-driven and are thus less diversified
than other developing economies. Based on the research by Losch (2012) in the year
2025, 330 million Sub-Saharan Africans will have entered the workforce. The research
paper moves on stating that the SSA is the only geographical area in which labor flows
will continue to increase after 2050. Most of these workers live in rural areas, as shown
in figure 5. Economic growth would be positive if and only if there are institutions that
are able to drive the structural change towards a more diversified economy — aka
economic transition. This structural change however has not yet occurred as reported
by other papers (Bekana, 2019; Danquah and Amankwah-Amoah, 2017). The main
detrimental factor to the SSA nations is mainly due to their premature exposure to
international competition —i.e. globalization —before they had the opportunity to build

high-quality institutions and/or implement modernization policies (Losch, 2012).
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Figure 4: employment in agriculture in SSA

The overhead figure shows the total employment in agriculture in SSA. Source: World

Bank.
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Based on the United Nations World Urbanization Prospects (2011), most jobseekers
will still be rural. The World Bank Report (2008) states that agricultural innovation
could be positively impacted by a decrease in the number of agricultural employees
for a variety of reasons: increased crop yield demands and an increase in wages due
to less employees being deployed. Larsen et al. (2010) state that agribusiness provides
inputs, knowhow and services required for farm production while also marketing its
outputs. An important role that is played by agribusiness is that it provides
employment and entrepreneurial opportunities in both rural and urban areas. This
causes growth of small firms to take place by establishing market linkages. The
research report goes on by providing an example: Tanzania and its National
Employment Policy of 1997. It states that ever since the policy approval, the
government focused on rural employment, the involvement of both women and youth
in employment programs and self-employment activities. Other strategies are targeted
investment in agriculture and land occupancy rights to nationals. These activities have
become widespread in SSA due to the high number of people living and working in

rural areas.

1.1.2.3 — Trade openness

Trade openness is found to be insignificant by Danquah (2018) but its interaction term
with human capital - i.e. education — is significant. This implies that a focus on
imported technology to expand domestic innovative capacity for SSA countries to
absorb technology is present. As stated in the introduction, technological transfer is a
major player in knowhow exchanges. Thus, international trade can help the process of
productivity growth by increasing efficiency through innovation diffusion (Grossman
and Helpman, 1991; Cameron et al., 2005; Acharya and Keller, 2009; Danquah, 2018).
However, trade openness alone cannot suffice as human capital - i.e. education — is
needed for reaping the benefits of this transition. It is worth noting that trade is the
one of the most relevant mechanisms through which technical knowhow is transferred

across SSA countries (Danquah, 2018). More technological advanced goods help SSA
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countries raise their goods’ quality and production efficiency (Danquah et al., 2013;
Mayer, 2001). The importance of trade is exemplified by the presence of annual trade
fair in SSA such as the AgriTech Expo 2020. During this expo, the crop trial zones
located within the designated areas “show and gives seed producers, fertilizer
suppliers and agrochemical companies the opportunity to showcase the benefits of

utilizing their products first hand in the field” (Global Africa Network, 2019).

1.1.2.4 — Environmental problems

Environmental problems can cause a decrease in general welfare and a decrease in
climate change quality leading to worse crop yields over time. As found by Dogan and
Turkekul (2016) there is a strong relationship between urbanization and carbon
dioxide (CO2) emissions. Furthermore, a study by Ponce de Leon Barido and Marshall
(2014) show that on average the elasticity of urbanization-emission is 0.9%. This means
that a 1% increase in urbanization leads to 0.95% increase in CO: emissions. These
emissions have very adverse effects on agriculture, especially in the tropical regions
(IPCC, 2001). Furthermore, as stated by Tisdell (2015) the scarce availability of food
coupled with high levels of pollution leads to a Malthusian trap in developing
countries. “Atmospheric carbon dioxide (CO:) is the most important greenhouse gas
(GHG) with a potential radiative forcing of 1.66 W m? that contributes to current global
warming and impacts the earth’s climate system” (Liu et al., 2016, p. 1; Forster et al.,
2007; Shindell et al., 2009). CO: emissions are thus measured in order to understand
which environmental mitigation policies work best: CO2removal from atmosphere i.e.
sequestration, reducing emissions, and avoiding/displacing emissions (Smith et al.,
2008). Also, the reliance on nitrogen fertilizer to support high yields is dangerous to
the environment and people as well. It is one of the major obstacles in the agricultural
sector in SSA and its misuse negatively impacts water quality and the climate itself.
These negative effects lead to consequences even greater than those produced by CO2

(Sayer and Cassman, 2013).
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1.1.2.5 — Inflation

Inflation is necessary to account for in order to capture the buying potential of a
country’s citizens (Teye and Torvikey, 2018). The example of Malawi might clear the
theory behind this variable. As reported in Holmes et al. (2017), most Malawians are
living and earning below the poverty line. Because of an inflation that spiraled out of
control they lost even more leading to a worsened welfare. In their case, corruption
was the main cause that impoverished people through needless bribes that hampered
entrepreneurial activity. On top of that, goods prices such as maize created powerful
inflationary pressures that compromised household food security, disrupting social
stability while also contributing to the demands for higher wages (Blackie and Mann,
2005). When farmers” production shrank and inflation ran amok, food security and
political stability worsened (Chirwa and Chinsinga, 2015). Thus, high inflation is
correlated with a lowering in social stability and low-quality institutions. The latter is

mainly due to corruption.

1.1.2.6 — Unemployment

Unemployment is clearly detrimental to agricultural innovation and economic growth
as explained by various sources. According to the United Nations Development
Program (2014), 75% of the world’s poor live in rural areas and are caught in
unemployment cycles. These cycles consist of low-productivity, seasonal
unemployment, low wages, and extremely high vulnerability to weather patterns. SSA
countries are plagued by non-existent unemployment insurances which severely limit
the population welfare and recovery from being unemployed (UNDP, 2014).
Furthermore, being unemployed leads to high economic and social costs such as a
severe decline in output, labor skills and productivity (Schwab, 2016; Global Risks
Report, 2016). Also, long-run unemployment is associated with high crime rates,
suicide, violence, and drug addiction. This leads to a lowering in social stability and a

decrease in economic growth and innovation (Heckman and Singer, 1984a, 1984b). It
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is worth mentioning that this variable might be negatively correlated with people

employed in agriculture.

1.1.2.7 — Income inequality

There are several studies that state that agricultural growth and innovation “is less
likely to result in reduced poverty in instances where high inequality exists and may
in fact lead to exacerbated poverty or marginalization among disadvantaged groups”
(Dawson et al., 2016, p. 2; Negin et al., 2009). The SSA geographical area generally has
high levels of inequality and rural development policies — allowed by institutions —
that might preclude significant investments to support farmers (Thorbecke, 2013;
Dorward et al., 2004). Income inequality in SSA is also highly correlated with high
corruption levels (Stein, 2011; Thorbecke, 2013; IFAD, 2011). According to Dawson et
al. (2016), increasing inequality seems to characterize land holdings more than a

widespread scarcity leading to a Malthusian trap™.

14 The Malthusian trap — aka population trap — is a condition whereby excess population would stop
growing due to shortage of food supply leading to mass starvation. Galor (2005) maintains that ever
since the first industrial revolution, humankind managed to escape this trap. Other scholars such as
Zinkina and Korotayev (2014) state that the condition of being extremely poor keeps the Malthusian
trap alive. There is also a third theory that is maintained by Tisdell (2015) in which the scarce food

availability with high levels of pollution leads to the Malthusian trap in developing countries.
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1.2 — Theoretical model and assumptions
In this section the theoretical model will be explained while also considering the
previously stated literature. Also, the theoretical assumptions will be discussed in this

section and they will be empirically tested and discussed in chapter 3.

1.2.1 — Theoretical model

1.2.1.1 — Main variables

In this subsection the theoretical model with main variables is displayed and
described. Then, for each variable an expected effect will be assumed based on

preexisting literature. The theoretical model is as follows:
Equation 1: theoretical model
agrinn = f(avgeduyrs,polreg, instqual)
where:

e agrinn is agricultural innovation and it is operationalized through the use of
cereal yield ton on hectare. Higher values imply higher productivity and thus
greater innovation

e avgeduyrs stands for average education years for individuals older than 20
years. Greater values indicate more years of education and thus more open-
minded individuals

e polreg stands for political regime and measures how strong democracy is in a
country — i.e. liberal democracy index from 0 to 1. Higher values imply that
democracy is robust

e instqualis an institutional quality aggregate variable that is made up of a set of
institutional quality variables such as voice and accountability, political
stability and absence of violent conflict, government effectiveness, regulatory
quality, rule of law and control of corruption. It ranges from -2.5 to 2.5. Higher

values suggest that the quality of institutions in a country are solid.
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Agricultural innovation is expected to change positively with most of the above
arguments. The interaction terms between education and political regime and between
education and institutional quality are also expected to have a positive effect on
agricultural innovation. Also, some independent variables might correlate with one
another —e.g. average education years may be correlated with institutional quality and
urbanization. Appendix E provides a graphical visualization for each main variable

while being compared to the dependent variable agricultural innovation.

Education Political regime Institutional quality

Education*political regime Education*institutional quality

Figure 5: theoretical model main variables relationships diagram

In figure 5, the three main independent variables are shown to have an expected
positive effect on agricultural innovation operationalized through cereal yield ton/ha.
The interaction terms between education and political regime and between education

and institutional quality should also have a positive effect on agricultural innovation.

1.2.1.2 — Control variables

On one hand, researchers find that urbanization has a positive effect on agricultural
innovation in the form of more food demand, change in dietary needs and population
growth (Bartel et al., 2007; Tomich et al., 2019; Foster and Rosenzweig, 2004; Mokyr,

1976; McGowan and Vasilakis, 2019). On the other hand, scholars think that
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urbanization has a detrimental effect on agricultural innovation as more people —
especially in developing countries — will remain in rural areas to keep working in the
primary sector if and only if this sector is worthwhile (Haggblade et al., 2007; Masters
et al., 2013; McGowan and Vasilakis, 2019; Hornbeck and Keskin, 2015). Furthermore,
the causality of urbanization is put into question as shown by several studies as
economic growth and urbanization is allowed through innovation (Kessides, 2005;
Foresight Africa Report, 2016; Crenshaw and Jenkins, 1996). As with the previous
variable there are two main groups of scholars which found different results for
agricultural employment. One group found a positive relationship with agricultural
innovation and people employed in agriculture (Spencer and Byerlee, 1976; Tomich et
al., 2019; World Bank Report, 2008). The other group found that a negative relationship
exists between the two variables as supported by centuries of human history (Clark,

1940; Kuznets, 1957; Gollin et al., 2019).

Trade openness measures how open market practices are between a given country and
the international community. Due to the lack in domestic research outputs, countries
in the SSA geographical area are forced to import technological items and knowhow
from abroad. Thus, it positively contributes to the increase of agricultural innovation.
This measure is however linked to the type of political regime — i.e. democracy or
autocracy — and its institutional quality. Inflation is a quantitative measure of the rate
at which a given basket of selected goods and services price changes over time. It thus
indicates the purchasing power of a nation’s currency. Unemployment indicates the
state of not being currently employed and looking for employment. This measure
indicates the occupational rate in a country, and it is thus negatively correlated with
the variable people employed in agriculture. Income inequality is the difference in
income between the top earners and the lowest earners. As cited in the literature
overview if income inequality is low, innovation increases. This might be allowed by

sufficiently high-quality institutions.
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Environmental problems are the level of pollution as measured by CO: emissions in a
country. The literature overview stated that as CO: increases, welfare decreases and so
should agricultural productivity. However, agricultural innovation and productivity
should be increasing if and only if steps to counter this effect are taken. Therefore, this

variable underlines the importance of institutional quality.

1.2.2 — Assumptions

1.2.2.1 — Positive effect of education on agricultural innovation

It has been remarked that higher levels of education provide the tools for agricultural
innovation to take place (Rivera, 2006; Spielman et al., 2008). However, as noted by
other researchers the effect of education on agricultural innovation in developing
countries — especially the SSA — might be statistically insignificant compared to
developed countries (Ang et al., 2011; Amankwah-Amoah, 2016). Furthermore, the
effect that agricultural innovation has on economic growth is positive as confirmed by

several studies (Idoko and Jatto, 2018; Gollin et al., 2019).

Research hypothesis #1
e Ho: there exists no effect from education to agricultural innovation

e Hu: there exists an effect from education to agricultural innovation

1.2.2.2 — Positive effect of democracy and institutional quality on agricultural

innovation

As stated by several studies, democracy fosters the innovation process (Bekana, 2019;
Mainwaring et al., 2001). Democracy not only promotes the creation of knowledge and
innovation but also its dissemination (Siegle et al.,, 2004). For countries at the
technological frontier, a centralized system of decision-making and government
would result in policies that hamper innovation (Drezner, 2002). Empirical evidence
suggests that democracies prepare a country much better than an autarkic form of
government. This is because it nurtures creativity and independence of thought — as
opposed to collectivistic thought present in totalitarian regimes — which are

fundamental to innovation (Siegle et al., 2004). Nevertheless, young democracies are
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more vulnerable than much stronger and older autarkic governments mainly because

of low institutional quality (Mansfield and Snyder, 2007; Bekana, 2019).

Research hypothesis #2a: individual effects
e Ho: there exists no effect from democracy to agricultural innovation

e Hu: there exists an effect from democracy to agricultural innovation

Research hypothesis #2b: interaction effects
¢ Ho: there exists no effect from the interaction between education and democracy
to agricultural innovation
e Hu: there exists an effect from the interaction between education and democracy

to agricultural innovation

The political regime of a country is represented by the configuration of its institutions
and their quality as measured by their efficiency at administrating. As stated by
Bekana (2019) and Lundvall (1992), institutions of higher quality foster cooperation
between economic agents leading to higher levels of innovation. Without the necessary
institutions that foster innovation and its diffusion — a key requirement according to
Rogers (2003) — it is rather difficult for any country to achieve modernization

(Kaufmann and Kraay, 2007).

Research hypothesis #3a: individual effects
e Ho: there exists no effect from institutional quality to agricultural innovation

e Hu: there exists an effect from institutional quality to agricultural innovation

Research hypothesis #3b: interaction effects
¢ Ho: there exists no effect from the interaction between institutional quality and
education to agricultural innovation
e Hu: there exists an effect from the interaction between institutional quality and

education to agricultural innovation

35



2nd Semester, Block 4 Master Thesis in Economics  Luca Pertegato, s1039695

Chapter 2 — Methodological approach

No race can prosper till it learns there is as much dignity in tilling a field as

in writing a poem.

B.T. Washington, Atlanta Exposition'

2.1 — Data description

The data in this research has been gathered from widely used sources such as the
World Bank, World Governance Indicators, and the Global Data Lab. The data is
combined together in a panel dataset of 34 countries for the 2002-2017 timeframe. Thus,
544 observations are present which allow for good estimation panel-wise. All
information with respect to the data are stored in the appendices at the end of this
paper. Appendix A lists all the countries involved in the analysis, appendix B shows
the variables correlation matrix, appendix C lists all variables and their data source,
appendix D shows econometric tests, appendix E shows the main variables” graphs,
and appendix F shows the agricultural innovation index construction. Due to the
nature of the data, missings were commonplace both in main variables and control

variables.!¢

The main variables — i.e. agricultural innovation, average education years for
individuals older than 20 years, political regime, and institutional quality — will be

described here data-wise. The dependent variable — agricultural innovation — is

15 Washington called for black progress through education and entrepreneurship in the United States

during the time of peak lynching in the ex-Confederate South.

16 Both interpolation and extrapolation had been used to avoid missings in both control and main

variables.
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challenging to quantify thus the cereal yield ton/ha is used so as to provide a glimpse
in increased yield due to innovative practices. Average education years for people
older than 20 years is one of the key independent variables and unfortunately does not
consider informal education. The latter was impossible to gather in available
databanks. One might argue against the reason behind choosing only individuals
older than 20 years. This concern can be solved by looking at the average age of
inventors which is found to be 45.4 in Europe, 39.5 in Japan, and 47.2 in the US (Jung
and Ejermo, 2014). Political regime is operationalized through the liberal democracy
index with a range from 0 to 1. The higher the index value, the more liberal the country
is. The V-Dem liberal democracy index scores the strength of democratic institutions.
The variables being aggregated are as follows: suffrage rights, clean elections, equality
before the law, constraints on the executive, and freedom of association and
expression. Similarly, the aggregated average index institutional quality — with a range
from -2.5 to 2.5 — combines the views of a large pool of firms, citizens, and expert
survey respondents for each country in six indicators. These six indicators are as
follows: voice and accountability, political stability and absence of violent conflict,
government effectiveness, regulatory quality, rule of law, and control of corruption.
The data sources for these indicators are more than 30 so that their robustness,

reliability, and validity are not compromised.

The control variables for this study include urbanization rate of a country, people
employed in agriculture, trade openness, environmental problems, inflation,
unemployment, and income inequality. They are operationalized as follows:
urbanization rate that shows the percentage of people residing in urban centers, the
percentage of people employed in agriculture, the sum of imports and exports of goods
and services in a country, carbon dioxide (CO2) damage to the economy, inflation

measured by GDP deflator, unemployment rate, and the Gini index respectively.

37



2nd Semester, Block 4 Master Thesis in Economics  Luca Pertegato, s1039695

2.2 — Method elaboration and relevance

The main focus is on the sign of the coefficients and the relative statistical significance
of the key independent variables and their interaction terms, namely average
education years, political regime, and institutional quality. The econometric model

will be presented in the following sub-section.

2.2.1 — Econometric model and methods

A cross-country panel data model is implemented in order to capture the differences
between levels of agricultural innovation over time. The analysis is carried out at the
national level. Since the datasets consist of panel data, the available fundamental
methods comprise of pooled OLS (POLS), fixed effects (FE), and random effects (RE).
POLS runs a simple regression, FE explores the within-country variation and focuses
on the intercepts varying across group, RE explores both the between- and within-
country variation by focusing on the error variances randomly distributed across

groups.

The theoretical reasons behind the methodological choice are exposed here. As a word
of caution, due to SSA countries’ heterogeneity in terms of social, cultural background
etc. the POLS might be incomplete thus reinforcing the idea of deploying either the FE
or RE method. POLS is deemed incomplete because it is more effective when deployed
when a different sample is selected for each time period and there are no within or
between differences per country —i.e. culture, social factors. On the other hand, RE and
FE analyze the differences over time for the same group of countries. Unlike controlled
experiments, panel studies are liable to unmeasured extraneous influences. These
influences cause a bias that can be solved through either FE or RE. The main
assumption behind RE is that the individual-specific effects are uncorrelated with
independent variables (Nerlove, 2005). As proven by the methodological testing
explained later, RE cannot be used as its main assumption does not hold and would
provide an efficient albeit inconsistent estimator. Thus, the models deployed in this

paper used FE to remedy the omitted variable bias produced by the occurrence of
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unobserved heterogeneity in case this heterogeneity is constant across time — e.g.
cultural background, social norms etc. In other words, the within-effects are analyzed
throughout 16 years in order to limit the omitted variable bias. Thus, for each country
the within-effects on agricultural innovation are observed across time for the main
variables along with several control variables. The results and their discussion will be

presented in chapter 3.

After conducting the Breusch and Pagan Lagrangian multiplier test for RE versus OLS
and getting a statistically significant result, it becomes clear that either FE or RE effects
might be present. It follows that in order to choose a method, the Hausman test and its
robust form -xtoverid- were needed, see appendix D for more details. They both
reported a significant result, meaning that RE was not to be used. Thus, FE is the most
suitable choice. Appendix D subsection D.1 shows these two tests” outputs. As said
before, FE is asymptotically more efficient than POLS whenever time constant
attributes are present. FE treats random variables as though they were non-random.
Despite its usefulness, FE cannot control for variables that vary over time. However,
FE removes omitted variable bias by measuring changes within groups across time. No
variables have been dropped during the analysis. Therefore, the econometric model is

as follows:
Equation 2: FE model

agrinn;; = 1 * avgeduyrs;; + [, * polreg;; + f3 * instqual;; + [, * avgeduyrs;;
*polreg;; + Bs * avgeduyrs; » instqual;y + B¢ * Ziy + €+ + Wi
where agrinn is agricultural innovation in country i at time t, avgeduyrs is average
education years for adults older than 20 years, polreg is a 0 to 1 liberal democracy
index which measures the quality of democracy by the limits imposed on the

government, instqual is institutional quality and it shows the average values of those
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several variables described in subsection 1.2.1.1", Z;; is a catchall variable for control
variables as indicated in subsection 1.2.1.2, and p; captures the unobserved time-
invariant country-specific effects (e.g. historical, cultural, and social factors), and ¢;, is
the overall error term. There exist two interaction terms which will investigate the
effect of their interaction on agricultural innovation. For more details regarding
variables see appendix C. Given that N = 34 and T = 16, the number of observations
n=NXT =34X16 = 544 (i.e. number of groups X observations over time) Vi €
[1,34] and V t € [1,16]. As usual, the main assumptions to be concerned with in panel
data are multicollinearity, heteroskedasticity, and autocorrelation - aka serial
correlation. A one-way fixed group effect panel data analysis has been deemed suitable

for the data and method at hand.

2.2.1.1 — Tests for multicollinearity

As a general rule of thumb, if the variance inflation factor (VIF) of variables exceeds 10
then multicollinearity might cause problems to one’s estimations.!® This concern was
approached by limiting the number of variables in the regression and mean-centering
both the interaction terms and the main variables involved. However, the mere
presence of interaction terms implies a higher amount of VIF than without them.
Nevertheless, the VIF are all lower than 10 as seen in appendix D. There is much debate
whether mean centering is actually useful in reducing multicollinearity. See appendix

D subsection D.2 for the results table.

2.2.1.2 - Heteroskedasticity and autocorrelation

The issue of heteroskedasticity has been spotted with the use of the modified Wald test

for groupwise heteroskedasticity in FE regression model (STATA command -xttest3-).

17 The six components are: voice and accountability, political stability and absence of violent conflict,

government effectiveness, regulatory quality, rule of law, and control of corruption.

18 Usually a VIF greater than 5 is more than enough to confirm that multicollinearity is present, however

due to the nature of the data at hand a more lenient approach is taken.
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As for autocorrelation, serial correlation, and cross-panel correlation various tests have
been ran to spot them: serial correlation (STATA command -pantest2-), Pesaran test
(STATA commands -xtcsd- and -xtqptest-), Wooldridge test (STATA command -
xtserial-), first-order serial correlation (-xthrtest-), and cross-panel correlation tests (-

xtcdf-). The tests outputs are stored in appendix D subsection D.2.

To solve both problems of heteroskedasticity and autocorrelation — especially cross-
panels correlation — the Driscoll and Kraay standard errors have been deployed. This
method by Driscoll and Kraay (1998) and later developed by Hoechle (2007), deploys
standard errors for coefficients estimated by POLS/WLS, FE (within), or GLS random
effects regression. In this case, FE has been selected. The structure of the error itself is
assumed to be heteroskedastic, autocorrelated up to some lag, and serially correlated
between the groups. Driscoll-Kraay standard errors are robust to very general forms
of cross-sectional ("spatial") and temporal dependence when the time dimension
becomes large (Stata, 2017; Hoechle, 2007). “Moreover, since we do not place any
restrictions on the limiting behavior of N, the size of the cross-sectional dimension in
finite samples is no longer a constraint on feasibility, and we can be confident of the
quality of the asymptotic approximation in finite samples in which N and T are of
comparable size, or even if N is much larger than T, provided that T is sufficiently
large” (Driscoll and Kraay, 1998, p. 2). It is important to mention that this method
solves the econometric issues that arise from geographical cross-panel correlation. The
STATA command for the Driscoll and Kraay standard errors, -xtscc-, applies the
individual FE estimator in two steps. All variables k; € {y;,x;} are within-

transformed as follows:

Equation 3: Driscoll and Kraay step one

T;

_ _ _ -1
Eit = kit - I_Ci + I_C where ki = Ti_l 2 kit and k = (z TL) zz kit
i i

t=t;
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Then it is acknowledged that the within-estimator corresponds to the OLS estimator

of:
Equation 4: Driscoll and Kraay step two
Vie = fl!te + &

the second step thus estimates the transformed regression model specified in the above

equation by POLS estimation with Driscoll-Kraay SE (Hoechle, 2007).

42



2nd Semester, Block 4 Master Thesis in Economics  Luca Pertegato, s1039695

Chapter 3 — Results

Advances in medicine and agriculture have saved vastly more lives than

have been lost in all the wars in history.

Carl Sagan

3.1 — Results

3.1.1 — Descriptive analysis

Table 1: descriptive statistics
Variables Obs. Mean Std.Dev. Min. Max. pl p99  Skew. Kurt.
Agricultural 544 1.49 1.06 22 9.45 .30 6.47 31| 17.40
innovation
Education 544 4.93 2.26 .98 9.47 1.02 9.46 23 2.16
Political regime 544 .35 17 .051 71 .089 .70 .33 2.06
Institutional quality | 544 -.55 55| -1.63 88| -1.56 .82 .55 2.98
Urban population 544 | 36.77 16.05 8.68 | 88.98 9.86 | 86.63 .73 3.69
Agricultural 544 | 53.29 21.30 46| 9230 5.07 | 9221 -.51 2.66
employment
Gini index 544 | 43.38 8.035| 1733 | 64.76 | 27.20| 63.59 .65 3.77
Unemployment 544 | 7.094 7.15 32| 33.63 52| 30.78 1.78 5.33
CO: damage 544 .97 .79 12 5.28 13 4.24 251 | 10.57
Inflation 544 8.26 14.011 | -18.08 | 196.98 | -8.48 | 80.76 7.04 | 77.12
Trade openness 544 | 71.70 33.72 | 20.72 | 311.35| 27.49 | 161.89 239 | 14.44

In appendix E the graphs for the main variables are displayed. Figures 5-11 show the
main centered variables relationships at play. Figure 5 shows the positive relationship
between agricultural innovation and average education years. For example, it appears
clear that a well-endowed resource country such as Zimbabwe should have higher
yields despite its relatively high levels of education. That is why both the political
regime and institutional quality have to be considered as well. Figure 6 displays the
positive relationship between agricultural innovation and political regime. The reason

behind Zimbabwean lack of agricultural innovation could be due to low levels of
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liberal democracy and institutional quality. Figure 7 shows the relationship between
agricultural innovation and institutional quality. Most countries in the sample are low-
scoring in both the liberal democracy index and institutional quality index. Figures 8-
9 show what had already been mentioned in the theoretical background of this
research paper, i.e. democracy, good quality institutions, and education levels help the
increase of agricultural innovation. This is furtherly explained by the positive
relationships drawn in figures 10-11 between education and political regime and
education and institutional quality. In the next subsection, the regression results will

be described.

3.1.2 — FE reqression results

The FE method with Driscoll and Kraay standard errors has been used. The dependent
variable allows for understanding whether cereal agriculture productivity increases as
determined by variables such as education, political regime, institutional quality, and
some control variables. The regressions have two maximum lags. Column (1) sees the
introduction of education which has a strong statistical significance at the 0.01 level
that is kept throughout the rest of the table. A one-unit increase in education
corresponds to a 0.124 increase in agricultural innovation. Column (2) introduces
political regime which is found to be statistically insignificant. Column (3) shows
institutional quality which is statistically significant at the 0.1 level. A one-unit increase
in institutional quality yields a decrease in agricultural innovation by -0.161. Column
(4) introduces the interaction term between education and political regime which is
statistically significant at the 0.05 level. A single-unit increase yields an increase in
agricultural innovation by 0.216. Column (5) adds the interaction term between
education and political regime which is found to be statistically significant at the 0.01
level with a one-unit increase corresponding to a decrease by -0.124 in agricultural
innovation. Column (6) adds all three main individual variables together. Education is
found to be statistically significant at the 0.01 level and a one-unit increase corresponds

to a 0.132 increase in agricultural innovation. Political regime and institutional quality

44



2nd Semester, Block 4 Master Thesis in Economics  Luca Pertegato, s1039695

are statistically insignificant. Column (7) adds the interaction term between education
and political regime which is statistically insignificant. Column (8) adds the interaction
term between education and institutional quality. This variable is found to be
statistically significant at the 0.01 level with a one-unit increase yielding a decrease in
agricultural innovation by -0.223 units. Education is still statistically significant at the
0.01 level with a one-unit increase yielding an increment in 0.138 in agricultural
innovation. Political regime is found to be statistically significant at the 0.1 level with
a one-unit increase resulting in a decrease by -0.479 in agricultural innovation.
Institutional quality is statistically significant at the 0.05 level with a one-unit increase
yielding a decrease by -0.395 in agricultural innovation. Column (9) sees the
introduction of all variables. Education is significant at the 0.01 level with a 0.127 effect
on agricultural innovation. Political regime is statistically insignificant. Institutional
quality is statistically significant at the 0.01 level with a one-unit increase yielding a -
0.477 decrease in agricultural innovation. The interaction term between education and
political regime is found to be statistically significant at the 0.05 level with a one-unit
increase resulting in a 0.632 increase in agricultural innovation. Lastly, the interaction
term between education and institutional quality is statistically significant at the 0.01
level with a one-unit increase yielding a decrease by -0.328 in agricultural innovation.
During exploratory regressions, urban population was found to have a detrimental
effect on education in the form of “sign flipping’. This effect was caused by high levels

of correlation between them. Urbanization was removed accordingly.
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Agricultural innovation

(1) (2) (3) (4) (5) (6) (7) (8) (9)
Education 0.124**x* 0.132*** 0.127**x* 0.138**x* 0.127***
(0.022) (0.025) (0.024) (0.027) (0.025)
Political regime -0.068 -0.121 0.141 -0.479* 0.148
(0.146) (0.169) (0.193) (0.249) (0.219)
Institutional quality -0.161* -0.174 -0.167 -0.395%* —0.477**x
(0.088) (0.108) (0.101) (0.156) (0.135)
Education*political regime 0.216** 0.208 0.632%%
(0.077) (0.129) (0.241)
Education*institutional quality —0.124%*x* -0.223***  -0.328***
(0.038) (0.061) (0.084)
Employment in agriculture -0.011*** -0.017**x* -0.017**x* -0.017*** -0.017*** -0.011**x* -0.012*** -0.013*** -0.015***
(0.003) (0.003) (0.002) (0.003) (0.003) (0.003) (0.003) (0.003) (0.003)
Gini index 0.003 -0.001 0.000 0.000 -0.003 0.004 0.004 0.000 -0.000
(0.003) (0.003) (0.003) (0.003) (0.004) (0.003) (0.003) (0.003) (0.003)
Unemployment -0.023*x* -0.027** -0.027** -0.022* -0.035%* -0.023** -0.019* -0.035**x* -0.028***
(0.010) (0.012) (0.012) (0.011) (0.012) (0.010) (0.010) (0.009) (0.009)
CO;damage -0.013 -0.013 -0.025 -0.007 0.000 -0.028 -0.020 -0.027 -0.003
(0.048) (0.062) (0.057) (0.061) (0.061) (0.043) (0.041) (0.039) (0.037)
Inflation -0.000 -0.001 -0.002 -0.002 -0.001 -0.001 -0.001 -0.000 -0.001
(0.001) (0.001) (0.001) (0.001) (0.001) (0.001) (0.001) (0.001) (0.001)
Trade openness 0.001** 0.001 0.001 0.001~* 0.001~* 0.001~* 0.001~* 0.001~* 0.001~*
(0.001) (0.001) (0.001) (0.001) (0.001) (0.001) (0.001) (0.001) (0.001)
Constant 2.017x** 2.552%** 2.567x** 2.476x** 2.788x** 2.018*** 1.948**x* 2.483*** 2.487***
(0.292) (0.277) (0.250) (0.258) (0.322) (0.269) (0.228) (0.256) (0.213)
F-test (model) 34.30%*x% 45.03x** 86.59x*x* 40.12%*x* 37.18x*x% 36.43%*% 176.17*** 262.78%** 200.20***
DF (residual) 503 503 503 503 503 501 500 500 499
SSE 82.042 38.56 33.93 63.463 44.19 71.16 102.89 141.62 112.39
R2 0.835 0.833 0.833 0.833 0.834 0.836 0.836 0.84 0.843
Obs. 544 544 544 544 544 544 544 544 544

Driscoll & Kraay standard errors are in parenthesis; ***p<0.01, **p<0.05, *p<0.1; R? from -areg-
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3.2 — Results-wise robustness checks

3.2.1 — Replacing control variables

New control variables are introduced such as the logged value of GDP per capita,
logged value of total population, government expenditure in education (% of GDP),
and gross fixed capital formation (% of GDP). The results table is described next. GDP
per capita stands for prosperity in a given country. This variable is commonly used as
a proxy for prosperity in various studies (Szabo et al., 2013; Bekana, 2019; Danquah
and Amankwah-Amoah, 2017). Population accounts for the number of individuals in
a given country. These variables are logged as their growth is better explained in this
fashion. Government expenditure on education stands for the funds administered to
schools from both national and international sources. Gross fixed capital formation
includes land improvements, plants, machinery, equipment acquisition, infrastructure
building - e.g. roads, railways, schools, offices etc. Column (1) adds education which
is found to be statistically insignificant. This status is retained throughout the rest of
the table. Column (2) sees the introduction of the statistically insignificant political
regime variable. Column (3) introduces institutional quality which is found to be
statistically insignificant. Column (4) adds the interaction term between education and
political regime which is found to be statistically significant at the 0.01 level with a
one-unit increase yielding a 0.238 increase in agricultural innovation. Column (5)
introduces the interaction term between education and institutional quality which is
statistically significant at the 0.05 level. A single-unit increase yields a decrease in
agricultural innovation by -0.057. Column (6) sums up all of the previously cited
variables and none is statistically significant. Column (7) adds the interaction term
between education and political regime which is found to be statistically significant at
the 0.01 level. A one-unit increase corresponds to an increase by 0.291 in agricultural
innovation. Also, political regime is statistically significant at the 0.05 level with a one-
unit increase yielding a 0.472 increase in agricultural innovation. In column (8) the
interaction term between education and institutional quality is added and is found to

be statistically significant at the 0.01 level. A one-unit increase yields a decrease by -
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0.102 in agricultural innovation. Column (9) sees the introduction of both interaction
terms which both are statistically significant at the 0.01 level. Thus, a one-unit increase
in the interaction term between education and political regime yields an increase by
0.742 in agricultural innovation. On the other hand, a one-unit increase in the
interaction term between education and institutional quality yields a decrease by -
0.260 in agricultural innovation. Political regime is found to be statistically significant
at the 0.05 level with an increase by one unit corresponding to a 0.729 increase in
agricultural innovation. Lastly, institutional quality is found to be statistically
significant at the 0.01 level with a one-unit increase leading to a 0.742 increase in

agricultural innovation.
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Table 3: Driscoll & Kraay standard errors regression with new control variables
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Agricultural innovation

(1) (2) (3) (4) (5) (6) (7) (8) (9)
Education 0.012 0.006 0.004 -0.002 -0.020
(0.021) (0.022) (0.022) (0.022) (0.020)
Political regime -0.111 0.047 0.472%* -0.109 0.729%*
(0.162) (0.181) (0.201) (0.227) (0.276)
Institutional quality -0.120 -0.125 -0.144 -0.228%** —0.437**x
(0.086) (0.093) (0.084) (0.100) (0.096)
Education*political regime 0.238**x* 0.291*** 0.742%x*
(0.079) (0.091) (0.243)
Education*institutional -0.057** —0.102%** -0.260%***
quality
(0.023) (0.031) (0.076)
Log value of GDP per capita -0.539** -0.522%%* -0.471** -0.525** -0.506** -0.477** -0.483** -0.377% -0.237
(0.222) (0.205) (0.190) (0.208) (0.209) (0.206) (0.212) (0.211) (0.215)
Log value of total population 1.146*** 1.185%*% 1.134*** 1.209%** 1.183**x% 1.114*** 1.130%** 1.106*** 1.132%*x%
(0.085) (0.130) (0.139) (0.138) (0.129) (0.096) (0.099) (0.094) (0.093)
Government expenditure in -0.019*** -0.019*** -0.018*** -0.019**x* -0.020*** -0.018*** -0.018*** -0.018*** -0.019**
education
(0.006) (0.006) (0.006) (0.006) (0.006) (0.006) (0.006) (0.006) (0.007)
Gross fixed capital 0.012*** 0.012*** 0.012*** 0.012*** 0.011**x* 0.012*** 0.012*** 0.011*** 0.011**
formation
(0.003) (0.003) (0.003) (0.003) (0.003) (0.003) (0.004) (0.003) (0.004)
Constant -13.445*** -14.195*** -13,734*** -14.596*** -14.214*** -13.,368*** -13.621*** -13.857**%* -15.260%**
(1.529) (1.688) (1.839) (1.807) (1.743 (1.575) (1.535) (1.705) (1.846)
F-test (model) 107.35%*% T1.23*** 68.97*** 117.11*** 195.71**x* 103.98**x* 276.00*** 477 .55%** 1114.69%*%*
DF (residual) 515 515 515 515 515 513 512 512 511
SSE 1347.25 1433.52 1317.029 127.014 1473.401 1273.95 1230.72 1357.72 1312.047
R? 0.846 0.849 0.851 0.847 0.846 0.846 0.847 0.847 0.851
Obs. 556 556 556 556 556 556 556 556 556

Driscoll & Kraay standard errors are in parenthesis; ***p<0.01, **p<0.05, *p<0.1; R? from -areg-
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3.2.2 — Adding other proxies for agricultural innovation

In this subsection, the last robustness check will be carried out. It consists of changing
the previous dependent variable — i.e. cereal productivity ton/ha — to an index that
encapsulates more innovation proxy variables. The agricultural innovation index
construction is described in appendix F. The high values are explained by rescaling the
values for readability value. Looking at the table, column (1) sees the introduction of
education which is statistically significant at the 0.01 level. A one-unit increase
corresponds to an increase in agricultural innovation by 212.572. Column (2)
introduces political regime which is statistically significant at the 0.01 level with a one-
unit increase corresponding to a 706.3 effect on agricultural innovation. Column (3)
adds institutional quality which is statistically significant at the 0.05 level. A single-
unit increase yields a decrease by -157.503 in agricultural innovation. Column (4) adds
the interaction term between education and political regime which is found to be
statistically significant at the 0.01 level with a one-unit increase yielding a 329.454
increase in agricultural innovation. Column (5) introduces the statistically insignificant
interaction term between education and institutional quality. Column (6) adds all
individual variables up. Education is statistically significant at the 0.01 level with a
one-unit increase yielding a 204.3 increase in agricultural innovation. Political regime
is statistically significant at the 0.05 level with a one-unit increase corresponding to a
637.344 increase in agricultural innovation. Institutional quality is statistically
significant at the 0.01 level with a single-unit increase yielding a decrease by -279.101
in agricultural innovation. Column (7) adds the education and political regime
interaction term which is statistically significant at the 0.01 level with a one-unit
increase yielding a 504.552 increase in agricultural innovation. Column (8) introduces
the statistically insignificant interaction term between education and institutional
quality. Lastly, column (9) adds all terms which quite confirm the results obtained in
the original regression. Education is statistically significant at the 0.01 level with a
single-unit increase yielding a 192.409 increase in agricultural innovation. Political

regime is statistically significant at the 0.01 level with a one-unit increase
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corresponding to a 1274.844 increase in agricultural innovation. Institutional quality is
statistically significant at the 0.01 level with a one-unit increase yielding a decrease by
-414.297 in agricultural innovation. The interaction term between education and
political regime is statistically significant at the 0.01 level with a single-unit increase
yielding a 712.008 increase in agricultural innovation. Lastly, the interaction term
between education and institutional quality is statistically significant at the 0.05 level
with a one-unit increase corresponding to a decrease in agricultural innovation by -

160.66.
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Agricultural innovation index

(1) (2) (3) (4) (3) (6) (7) (8) (9)
Education 212.572%*x* 204 .300*** 192.525**x* 205.559*** 192.409**x*
(28.081) (33.884) (33.999) (34.103) (32.938)
Political regime 706.300%*** 637.344*x* 1271.617*** 568.729*% 1274.844**x%
(222.292) (242.054) (337.415) (264.134) (322.851)
Institutional quality -157.503** -279.101*** -262.283%*% -321.439%** -414.297**%
(60.245) (65.091) (73.106) (61.802) (96.605)
Education * political 329.454**% 504.552%*% 712.008***
regime
(61.238) (128.936) (209.140)
Education * -12.980 -42.800 -160.660**
institutional quality
(31.946) (39.356) (61.421)
Employment in -23.294%*% -32.353%*x* -33.824**%* -34.395%*%* -33.493*** -23.414%%x* =24 .443%%% -23.769%*%* -26.199%*%*
agriculture
(2.333) (2.470) (2.327) (2.305) (2.198) (2.398) (2.492) (2.170) (2.362)
Gini index 14.333*** 8.282%*%* 8.367*** 8.776*** 7.639%** 15.252%*%* 16.529**% 14.514**% 14.283***
(1.080) (0.941) (0.904) (0.825) (0.994) (1.437) (2.246) (1.347) (2.364)
Unemployment -104.919*** -113.686*** —111.512*%%*%* -103.444*** -112.261*** -107.196*** -97.208*** -109.493*** -101.723***
(19.607) (24.632) (24.504) (22.724) (25.525) (19.198) (15.026) (20.230) (16.060)
CO: damage -48.701 -40.345 -60.111 -39.954 -46.081 -64.899 -45.809 -64.781 -37.516
(95.610) (117.093) (122.1306) (116.461) (119.998) (96.956) (89.157) (96.180) (84.888)
Inflation -1.227 -2.878%* -3.209** -3.296%** -2.909%** -1.662 -2.174%* -1.561 -2.006
(0.917) (1.108) (1.229) (1.312) (1.190) (1.029) (1.219) (1.049) (1.236)
Trade openness -0.184 -0.629 -0.626 -0.422 -0.546 -0.396 -0.277 -0.385 -0.185
(0.455) (0.874) (0.953) (0.911) (0.923) (0.463) (0.426) (0.467) (0.438)
Constant 2427.093*%**  3271.925*** 3352.842**x% 3224 .775%** 3357.473%*% 2444 .267*%** 2273.348%*% 2533.333*** 2537.409%**
(244.432) (222.411) (225.794) (218.490) (205.952) (252.048) (248.8706) (206.950) (231.219)
F-test (model) 398.15%** 780.46%** 127.82%*% 198.50%** 223.60*** 1668 .51**x* 2186.07*** 1506.03**x* 1437.60%**
DF (residual) 503 503 503 503 503 501 500 500 499
SSE 7.17e+08 7.36e+08 7.19e+08 7.236e+08 7.170e+08 7.701e+08 8.59e+08 7.69e+08 8.053e+08
Obs. 544 544 544 544 544 544 544 544 544
R? 0.962 0.96 0.96 0.96 0.96 0.963 0.964 0.963 0.965

Driscoll & Kraay standard errors are in parenthesis; ***p<0.01, **p<0.05, *p<0.1; R? from -areg-
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3.3 — Results synthesis and discussion

After detailing other regressions to reinforce the conclusions, this section synthesizes
the results for all research hypotheses. Key results are interpreted as per to the

theoretical framework laid out in chapter 1.

3.3.1 — Research hypothesis #1

e Ho: there exists no effect from education to agricultural innovation

e Hu: there exists an effect from education to agricultural innovation

According to the results obtained in section 3.1 and the robustness check carried out
in subsection 3.2.2, there exists a positive economic effect from education to agricultural
innovation. This is in line with the exposed theoretical framework and previous
research. Even so, by changing control variables as it was done in subsection 3.2.1 the
variable becomes statistically insignificant. Nevertheless, this contrasting result cannot
overcome two regressions which report the opposite result. The positive effect that
education has on agricultural innovation implies that as people spend more years in
school the agricultural innovation — and thus agricultural productivity — increases.
This indicates that schooling years make people more open to new possibilities
allowing them to learn new skills faster while also being more efficient over time. It
would be however interesting to shed more light on the importance of informal
learning and its impact on agricultural innovation. Such study was impossible to carry

out at the empirical level mainly because of an extreme lack of data in this regard.

3.3.2 — Research hypothesis #2

#2a: individual effects

e Ho: there exists no effect from democracy to agricultural innovation

e Hu: there exists an effect from democracy to agricultural innovation

According to the results found, there exists no statistically significant effect from the
liberal democracy index to agricultural innovation. The robustness check in subsection

3.2.1 confirmed these findings. However, by changing the dependent variable to an
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agricultural innovation index changed the results as well. That is, there is a positive
effect from political regime to agricultural innovation. Nevertheless, two different
regressions against one make it difficult to support this result. What this alternative
effect implies is that if output is weighted with respect to the ratio between agricultural
population and total population then the most democratic countries have the highest
agricultural innovation. This suggests that merely checking the agricultural
productivity increase in crops might not be sufficient to give a judgment on the key

factors that influence agricultural innovation.

#2b: interaction effects

¢ Ho: there exists no effect from the interaction between education and democracy
to agricultural innovation
e Hzu: there exists an effect from the interaction between education and

democracy to agricultural innovation

The combined effect of education and democracy seems to be supporting the adage
that ‘“democracy dies in darkness’. The positive effect that this interaction term has on
agricultural innovation goes in line with what was expected from the theoretical
framework. The underlying effect is that democracy fosters education and knowledge
while autocracy tries to control it. Autocracies thrive in ignorance whilst a selected

elite can reap its benefits.

3.3.3 — Research hypothesis #3

#3a: individual effects

e Ho: there exists no effect from institutional quality to agricultural innovation
e Hu: there exists an effect from institutional quality to agricultural

innovation

Based on the results found, a strong negative effect does exist from institutional quality
to agricultural innovation. The robustness checks confirm this result. This outcome

was not expected in the theoretical framework. This end result suggests that
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institutional quality has a detrimental effect on agricultural innovation. On one hand,
it could be that those countries that have higher institutional quality also have lower
cereal yield. Second, it could be hypothesized that since there are not many countries
with high institutional quality then it could be that the institutions themselves did not
reach a “certain point’ upon which they could unlock a new tier of institutional strength

from which they can operate much more efficiently.

#3b: interaction effects

¢ Ho: there exists no effect from the interaction between institutional quality and
education to agricultural innovation
e Hau: there exists an effect from the interaction between institutional quality

and education to agricultural innovation

The obtained results seem to confirm the alternative hypothesis that there is an effect
from the interaction term between institutional quality and education on agricultural
innovation. However, this effect is negative. This outcome is confirmed by robustness
checks. This result too is unexpected much like the previous hypothesis. Even with

the combined effect of education — found to be positive in hypothesis #1 — institutional

quality seems to drag down agricultural innovation.
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Conclusions

If the day of harvesting or eating yams is the same as the day of planting

yams, even goats will not be allowed to eat the yam peels.

African proverb!

This paper explored the complex relationships between education, political regime,
and institutional quality in 34 SSA countries for the timeframe 2002-2017. Due to the
presence of cross-panel correlation, the Driscoll & Kraay standard errors fixed effects
method was employed. It was found that education — operationalized by average years
of education for individuals older than 20 years — has a positive economic effect on
agricultural innovation. Political regime does not play a role individually but if
coupled with average education years then its statistical significance increases while
also having a positive effect on agricultural innovation. Institutional quality is found
to be statistically significant. However, it has a negative effect on agricultural

innovation. The same goes for its interaction term with average years of education.

Previous research suggests that education is the combustible that fuels innovation and
technology adoption confirming the role that education has in spreading knowledge
(Danquah and Amankwah-Amoah, 2017; Nelson and Phelps, 1966; Romer, 1990;

Aghion and Howitt, 1992). Most importantly, innovation can only be enabled through

19 “Due to changing conditions in many African societies from rural agrarian populations into blue-
collar urbanites, this kind of proverb is well placed to educate people to be humble and not forget their
humble backgrounds even when they become very successful people later on in life. They should be
kind to others who may not be fortunate enough to benefit from the joys of modern life. They should
have open minds and open hearts in sharing and helping others in need.”

(https://www .theafricangourmet.com/2012/09/harvesting-yams.html)
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strong investments in schools and universities. This research confirms these results as
well as the conclusions outlined by Weir and Knight (2000) in which they state that
schooling years are key in increasing farm outputs. The claims made by Ang et al.
(2011) and Amankwah-Amoah (2016) — as they stated that education in developing
countries is not statistically significant — seem not to be supported by the results
obtained by this research. Thus, the results with respect to education are in line with

the majority of the previous research.

Earlier research found that education reinforces democracy and the same goes for the
other way around (Carlos, 2016). Bekana (2019) found that democracy is positively
associated with innovation in developing countries while autocracy has a negative
effect on innovation. However, innovation in that study was a much broader term. As
opposed to previous studies, democracy does not play a role in enhancing cereal yields
and thus improving agricultural innovation on land. However, this paper found that
by switching to a much more inclusive dependent variable — i.e. agricultural
innovation index — democracy does indeed play a positive role on agricultural
innovation. Thus, it could be that cereal yield is not sufficient to explain agricultural
innovation. This null result could also be explained by showing how diverse SSA
countries are with respect to their political and innovative backgrounds. Ovadia (2012)
found that Angolan elite — although relatively autocratic — managed to improve their
country situation through reforms and infrastructure reassessments aimed at bettering
the country economy. On the other hand, Mdee et al. (2020) found that Malawi — albeit
a democratic country — did a ghastly inefficient job at improving agriculture through
innovative mandates. This negative result was due to high levels of corruption. Lastly,
SSA democracies are still relatively young and do not possess much strength in
decision-making as opposed to the already strongly established autocracies. This
would be in line with what Bekana (2019) research found. In short, previous research
found that democracy has a positive effect on innovation overall. This paper confirmed

this fact only by using the agricultural innovation index. The combined effect of
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education and democracy on agricultural innovation was found to be positive and
significant in previous research as well. Its importance is underlined by Siegle et al.
(2004) who state that democracy not only promotes the creation of knowledge and
innovation but also their diffusion. Bettencourt (2013) found that democracy positively
impacts education. Stasavage (2005) used a sample of 44 SSA countries for a timeframe
between 1980 and 1996 showing that democracies increased spending on primary
education. This resulted in much stronger and everlasting ties between education and
democracy. Stasavage and Harding (2013) study suggests that school attendance is
higher in democracies than in autocracies. Also, school fees in democratic states

nourishes education and thus both innovation and technological adoption increase.

Lastly, institutional quality has a detrimental effect on agricultural innovation. This
could imply several conclusions. First, those countries that boast higher levels of
institutional quality do not have high levels of agricultural innovation. However, those
countries with high levels of agricultural innovation index do display high levels of
institutional quality and the relationship between these two variables is still negative.
This datum is supported by the fact that there was not much ‘institution-building’ in
the post-colonial period as reported by Ruttan (1991). This historical phenomenon is
still influencing the SSA geographical area. Furthermore, Wietzke (2015) found that
regions in Madagascar that received much stronger property rights and legal
institutions during the French colonial period show higher economic performance
over time than areas with similar geohistorical characteristics. This study could be
generalized to the entire SSA geographical area by stating that those countries that
retained much of their former colonial overlord institutions display higher levels of
institutional quality and democracy. Second, it might be that higher levels of
institutional quality are not ‘high enough’ to be supporting agricultural innovation.
Bettencourt (2013) found that countries with high levels of democracy also display

higher levels of institutional quality.
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These findings suggest that in order to foster an increase in agricultural innovation,
education and democracy are necessary ingredients. I argue that through a focus on
agricultural innovation developing programs, the geographical area of SSA might
flourish economically. The study underlined the importance of institution-building
which is still much needed in this continent as argued by Ruttan (1991). Furthermore,
both education and democracy need to be understood as key elements not only by
helping entities — e.g. NGOs — but most importantly by the local governments and the
populations inhabiting SSA. Without education and democracy, both agricultural
innovation and productivity are hindered. These two are the main elements that could
free up SSA citizens through the “beneficent operation of the machine” as Bertrand
Russell put it. More broadly, policy-makers and researchers need to consider the
importance of improving SSA agricultural sector in order to boost the other economic
sectors as well whilst containing the uncontrolled population growth that plagues

countries like Nigeria.

The dataset suffered from heavy missings variables-wise and many countries dropped
out during the dataset merging process. Furthermore, all of the three key panel data
assumptions were violated resulting in having multicollinearity, heteroskedasticity,
and autocorrelation. A critical assumption breach was cross-panel correlation which
severely limited the methods to be employed. Thus, the only method that could solve
these problems was the Driscoll & Kraay standard errors model with FE. The
statistically insignificant result of political regime on agricultural innovation might be
justified by the utilization of the liberal democracy index. A different variable might
have different implications which can only be unlocked through more research on the
topic. The same goes for institutional quality which was found to have a negative
impact on agricultural innovation. Provided that the data was consistent, it could be
that the nations did not yet reach a point from which innovation can be fostered
effectively and efficiently. On the other hand, the institutional index that was used

might have been faulty with respect to this geographical area. An investigation
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utilizing substitutes for this index — or merely studying its individual components in
more detail — might shed some light on the relationship between institutions and
agricultural innovation. Other limitations of this study include the exclusion of
cultural variables which were only explained in the model as within-country
differences. Efforts were made to include cultural variables but the datasets available
were not neither of good quality nor without too many missings to be deemed suitable
for analysis®. Another interesting viewpoint on the relationship between agricultural
innovation and other variables would be the correlation between happiness levels and
the level of agricultural technology preparedness in an SSA country. Also, the
importance of informal learning and education could shed much needed light on the

complex phenomenon of enabling agricultural innovation in developing countries.

2 “’Data! data! data!” he cried impatiently. ‘I can’t make bricks without clay.”” — A.C. Doyle, The

Adventure of the Copper Beeches.
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Appendices

Appendix A — Country list

Table 5: country list contained in the sample
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Mauritania MRT

Mauritius MUS

Country ISO Code | Country ISO Code
Angola AGO Mozambique | MOZ
Benin BEN Namibia NAM
Botswana BWA Niger NER
Burkina Faso | BFA Nigeria NGA
Burundi BDI Rwanda RWA
Cameroon CMR Senegal SEN
Chad TCD Sierra Leone | SLE
Comoros COM South Africa | ZAF
Cote d'Ivoire | CIV Tanzania TZA
Ethiopia ETH Togo TGO
Gabon GAB Uganda UGA
Ghana GHA Zambia ZMB
Guinea GIN Zimbabwe ZWE
Kenya KEN

Lesotho LSO

Liberia LBR

Madagascar | MDG

Malawi MWI

Mali MLI
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Appendix B — Correlation matrix

Table 6: correlation matrix

Variables ) 2) ©) (4) ©) © @ 8) © 10 adn
(1) Agricultural innovation 1.00

(2) Education 037  1.00

(3) Political regime 028 039 1.00

(4) Institutional quality 032 044 081 1.00

(5) Urbanization population ~ 0.13 048 027 025 1.00
(6) Agricultural population  -029 -0.61 -0.65 -0.59 -0.58 1.00

(7) Gini index -0.03 047 031 041 024 -040 1.00

(8) Unemployment 006 053 046 054 047 -070 054 1.00

9) CO2 014 041 025 015 036 -052 031 051 1.00

(10) Inflation -0.03 0.02 -0.07 -0.08 -0.02 0.04 0.04 -0.04 -0.02 1.00

(11) Trade openness -0.02 024 019 016 030 -042 0.04 036 027 0.02 1.00
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Appendix C — List of variables

Table 7: list of variables used in regressions; DV = dependent variable, MIV = main independent variable, CV = control variable

(Parent) variable Abbreviation | Variable type Description Data source(s)
name (sub-variable)
Agricultural agrinn DV Crop statistics are recorded for 173 products, | https://ourworldindata.org/
innovation covering the following categories: Crops | https://databank.worldbank

Primary, Fiber Crops Primary, Cereals, Coarse | .org/
Grain, Citrus Fruit, Fruit, Jute Jute-like Fibers,
Oilcakes Equivalent, Oil crops Primary, Pulses,
Roots and Tubers, Treenuts and Vegetables and
Melons. Data are expressed in terms of area
harvested, production quantity and yield. The
objective is to comprehensively cover
production of all primary crops for all countries

and regions in the world.

Education avgeduyrs MIV Average education years for adults older than | https://globaldatalab.org/

20 years in a given country.

63




2nd Semester, Block 4

Master Thesis in Economics

Luca Pertegato, s1039695

Political regime

polreg

MIV

0-1 liberal democracy index. The index
measures the quality of democracy by the limits

imposed on the government.

https://www.v-dem.net/en/

Institutional quality

instqual

MIV

This is a composite variable made up of several
other institutional quality variables such as
voice and accountability, political stability and
absence of violent conflict, government
effectiveness, regulatory quality, rule of law
and control of corruption. The range goes from
-2.5 (weak) to 2.5 (strong). These indicators are

described down below.

Control

corruption

of

N/A

Reflects perceptions of the extent to which
public power is exercised for private gain,
including both petty and grand forms of
corruption, as well as "capture” of the state by

elites and private interests.

Government

effectiveness

N/A

Reflects perceptions of the quality of public

services, the quality of the civil service and the

https://info.worldbank.org/

governance/wgi/
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degree of its independence from political
pressures, the quality of policy formulation and
implementation, and the credibility of the

government's commitment to such policies.

Political stability | N/A Political ~ Stability = and  Absence  of

and absence of Violence/Terrorism measures perceptions of

conflicts the likelihood of political instability and/or
politically-motivated  violence,  including
terrorism.

Regulations N/A Reflects perceptions of the ability of the

quality government to formulate and implement sound
policies and regulations that permit and
promote private sector development.

Rule of law N/A Reflects perceptions of the extent to which

agents have confidence in and abide by the
rules of society, and in particular the quality of

contract enforcement, property rights, the
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police, and the courts, as well as the likelihood

of crime and violence.

Voice N/A Reflects perceptions of the extent to which a
accountability country's citizens are able to participate in
selecting their government, as well as freedom
of expression, freedom of association, and a free
media.
Urbanization urbanpop Cv Urbanization refers to people living in urban | https://databank.worldbank
areas as defined by national statistical offices. | .org/
The data are collected and smoothed by the
United Nations Population Division.
Agricultural agripop CvV Agricultural population is the percentage of | https://databank.worldbank
population people working in the agricultural sector. .org/
Gini index gini CV Gini index measures the extent to which the | https://databank.worldbank

distribution of income - or, in some cases,
consumption expenditure — among individuals
or households within an economy deviates

from a perfectly equal distribution. A Lorenz

-org/
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curve plots the cumulative percentages of total
income received against the cumulative
number of recipients, starting with the poorest
individual or household. The Gini index
measures the area between the Lorenz curve
and a hypothetical line of absolute equality,
expressed as a percentage of the maximum area
under the line. Thus, a Gini index of 0
represents perfect equality, while an index of

100 implies perfect inequality.

Unemployment

unemp

Cv

Unemployment refers to the share of the labor
force that is without work but available for and

seeking employment (modeled ILO estimate).

https://databank.worldbank
.org/

Environmental

problems

co2

Cv

Cost of damage due to carbon dioxide
emissions from fossil fuel use and the
manufacture of cement, estimated to be US$30

per ton of CO2 (the unit damage in 2014 US

https://databank.worldbank
.org/
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dollars for CO2 emitted in 2015) times the

number of tons of CO2 emitted.

Inflation inflat Ccv Inflation as measured by the annual growth | https://databank.worldbank
rate of the GDP implicit deflator shows the rate | .org/
of price change in the economy as a whole. The
GDP implicit deflator is the ratio of GDP in
current local currency to GDP in constant local
currency.

Trade openness tradeop Ccv This variable shows the trade openness of a | https://databank.worldbank
country as the sum of imports and exports on | .org/
GDP. The two sub-variables are described
down below.

Imports of goods | N/A Imports of goods and services represent the

and services

value of all goods and other market services
received from the rest of the world. They
include the value of merchandise, freight,
insurance, transport, travel, royalties, license

fees, and other services, such as
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communication, construction, financial,
information, business, personal, and
government services. They exclude
compensation of employees and investment
income (formerly called factor services) and

transfer payments.

Exports of goods

and services

N/A

Exports of goods and services represent the
value of all goods and other market services
provided to the rest of the world. They include
the value of merchandise, freight, insurance,
transport, travel, royalties, license fees, and
other services, such as communication,
construction, financial, information, business,
personal, and government services. They
exclude compensation of employees and
investment income (formerly called factor

services) and transfer payments.
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GDP per capita

loggdppc

Ccv

GDP per capita is gross domestic product
divided by midyear population. GDP is the
sum of gross value added by all resident
producers in the economy plus any product
taxes and minus any subsidies not included in
the value of the products. It is calculated
without making deductions for depreciation of
fabricated assets or for depletion and
degradation of natural resources. Data are in

constant 2010 U.S. dollars.

https://databank.worldbank
.org/

Total population

logtotpop

Cv

Total population is based on the de facto
definition of population, which counts all
residents regardless of legal status or
citizenship. The values shown are midyear

estimates.

https://databank.worldbank
.org/

Government
expenditure on

education

goveduexp

Ccv

General government expenditure on education
(current, capital, and transfers) is expressed as

a percentage of GDP. It includes expenditure

https://databank.worldbank
.org/
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funded by transfers from international sources
to government. General government usually
refers to local, regional, and central

governments.

Gross fixed capital

formation

grfixcapform

Ccv

Gross fixed capital formation (formerly gross
domestic fixed investment) includes land
improvements (fences, ditches, drains, and so
on); plant, machinery, and equipment
purchases; and the construction of roads,
railways, and the like, including schools,
offices, hospitals, private residential dwellings,
and commercial and industrial buildings.
According to the 1993 SNA, net acquisitions of

valuables are also considered capital formation.

https://databank.worldbank
.org/
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C.1 — Notes on agricultural innovation

Note on agricultural innovation (cereal yield): “Cereals: Area and production data on
cereals relate to crops harvested for dry grain only. Cereal crops harvested for hay or
harvested green for food, feed or silage or used for grazing are therefore excluded.
Area data relate to harvested area. Some countries report sown or cultivated area only;
however, in these countries the sown or cultivated area does not differ significantly in
normal years from the area actually harvested, either because practically the whole
area sown is harvested or because the area surveys are conducted around the harvest
period. Vegetables, total (including melons): Data relate to vegetable crops grown
mainly for human consumption. Crops such as cabbages, pumpkins, and carrots,
when explicitly cultivated for animal feed, are therefore excluded. Statistics on
vegetables are not available in many countries, and the coverage of the reported data
differs from country to country. In general, it appears that the data refer to crops grown
in field and market gardens mainly for sale, thus excluding crops cultivated in kitchen
gardens or small family gardens mainly for household consumption. Fruit, total
(excluding melons): Data refer to total production of fresh fruit, whether finally used
for direct consumption for food or feed, or processed into different products: dry fruit,
juice, jam, alcohol, etc. Generally, production data relate to plantation crops or orchard
crops grown mainly for sale. Data on production from scattered trees used mainly for
home consumption are not usually collected. Production from wild plants, particularly
berries, which is of some importance in certain countries, is generally disregarded by
national statistical services. Therefore, the data for the various fruits and berries are
rather incomplete. Bananas and plantains: Figures on bananas refer, as far as possible,
to all edible fruit-bearing species of the genus Musa except Musa paradisiaca,
commonly known as plantain. Unfortunately, several countries make no distinction in
their statistics between bananas and plantains and publish only overall estimates.
When this occurs and there is some indication or assumption that the data reported
refer mainly to bananas, the data are included. The production data on bananas and

plantains reported by the various countries are also difficult to compare because a
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number of countries report in terms of bunches, which generally means that the stalk
is included in the weight. Dates, plantains, and total grapes are included in the total
fruit aggregated figures, while olives are excluded. Treenuts, aggregated: Production
of nuts (including chestnuts) relates to nuts in the shell or in the husk. Statistics are
very scanty and generally refer only to crops for sale. In addition to the kind of nuts
shown separately, production data include all other treenuts mainly used as dessert or
table nuts, such as pecan nuts, pili nuts, sapucaia nuts and macadamia nuts. Nuts
mainly used for flavoring beverages are excluded as are masticatory and stimulant
nuts and nuts used mainly for the extraction of oil or butter, including areca/betel nuts,
cola nuts, illipe nuts, karate nuts, coconuts, tung nuts, oil palm nuts etc.”

(ourworldindata.org/crop-yields).

Note on data availability: it is worth mentioning that due to the area’s instability and
lack of data some countries had to be dropped from the analysis altogether, e.g.

Somalia, Sudan, South Sudan etcetera.

Appendix D — Econometric tests

D.1 — Model specification tests

Table 8: Breusch-Pagan Lagrangian multiplier test for RE vs. OLS

Coef.
Chi-square test value (chibar2(01)) 1422.68
P-value 0.00

Table 9: Hausman specification test for RE vs. FE

Coef.
Chi-square test value 40.82
P-value 0.00

Table 10: test for overidentifying restrictions: FE vs. RE

Coef.
Sargan-Hansen statistic, ~ 50.71
Chi-squ(12)
P-value 0.00
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Variable VIF | SQRT VIF | Tolerance | R-Squared | Eigenvalue | Cond Index
Education 1.99 1.41 0.50 0.50 5.95 1.00
Political regime 3.99 2.00 0.25 0.75 2.92 1.50
Institutional quality 4.24 2.06 0.24 0.76 1.06 2.48
Urban population 1.81 1.35 0.55 0.45 0.76 2.94
Agricultural population | 4.10 2.02 0.24 0.76 0.69 3.09
Gini index 1.65 1.28 0.61 0.39 0.31 4.63
Unemployment 2.78 1.67 0.36 0.64 0.23 5.30
CO:2 damage 1.84 1.35 0.55 0.46 0.18 6.09
Inflation 1.04 1.02 0.96 0.04 0.12 7.54
Trade openness 1.35 1.16 0.74 0.26 0.10 8.08
Education*political regime | 8.05 2.84 0.12 0.88 0.05 11.59
Education*institutional 8.75 2.96 0.11 0.89 0.02 17.00

quality

Intercept Eigenvalue = 0.0067, intercept Cond. Index = 31.27
Eigenvalues & Cond. Index computed from scaled raw sscp (w/ intercept).
Det(correlation matrix) = 0.0007

Table 12: modified Wald test for groupwise heteroskedasticity in FE regression model

Coef.
Chi-square test value (chi2 (34)) 2.8e+05
P-value 0
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Table 13: test for serial correlation in residuals, test for significance of FE, test for normality of residuals

Coef.
Test for serial correlation in residuals
Null hypothesis is either that rho=0 if
residuals are AR(1) or that lambda=0 if
residuals are MA(1)
LM 246.64
which is asymmetrically distributed as
chisq(1) under null so:
P-value 0.000
LM5 15.70
Which is asymmetrically distributed as
N(0,1) under null, so:
P-value 0.000
Test for significance of FE
F 39.33
P-value 0.000
Test for normality of residuals
Pr(Skewness) 0.000
Pr(Kurtosis) 0.000
Joint
chi2(2) :
Prob>chi2 0

Table 14: Pesaran's test of cross-sectional independence

Coef.
Pesaran’s test -1.20
P-value 0.23
Average abs value of the off- 0.35

diagonal elements

Table 15: Wooldridge test for autocorrelation in panel data

Coef.
HO: no first-order autocorrelation
F(1,33) 17.06
P-value 0.0002
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Table 16: bias-corrected Born and Breitung (2016) Q(p)-test on the model

Variable Q(p)-stat | P-value | N | maxT | Balance?
Agricultural innovation 2.87 0.239 34 16 balanced
Education 68.54 0.000 34 16 balanced
Political regime 12.95 0.002 34 16 balanced
Institutional quality 25.70 0.000 34 16 balanced
Urban population 41.12 0.000 34 16 balanced
Agricultural population 13.59 0.001 34 16 balanced
Gini index 19.48 0.000 | 34 16 balanced
Unemployment 16.89 0.000 34 16 balanced

CO: damage 10.74 0.005 | 34 16 balanced
Inflation 1.48 0477 | 34 16 balanced

Trade openness 18.27 0.000 34 16 balanced
Education*political regime 23.80 0.000 | 34 16 balanced
Education*institutional quality 39.04 0.000 34 16 balanced

Notes: under HO, Q(p) ~ chi2(p); HO: no serial correlation up to order p, H1: some serial

correlation up to order p.
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Table 17: heteroskedasticity-robust Born and Breitung (2016) HR-test on the model

Variable HR-stat | P-value | N | maxT | Balance?
Agricultural innovation 0.63 0.529 34 16 balanced
Education -7.12 0.000 34 16 balanced
Political regime 2.25 0.024 34 16 balanced
Institutional quality -0.10 0.922 34 16 balanced
Urban population -6.26 0.000 34 16 balanced
Agricultural population -2.37 0.018 | 34 16 balanced
Gini index -3.25 0.001 34 16 balanced
Unemployment 1.32 0.186 34 16 balanced

CO: damage 1.36 0175 | 34 16 balanced
Inflation -0.17 0.866 | 34 16 balanced

Trade openness 1.11 0.265 34 16 balanced
Education*political regime 0.67 0.503 | 34 16 balanced
Education*institutional quality -1.20 0.232 34 16 balanced

Notes: under HO, HR ~ N(0,1); HO: no first-order serial correlation, Ha: some first-order

serial correlation.
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Table 18: cross-section independence test

Variable CD-test | P-value | Average | Mean Mean

joint T ) abs(g)
Agricultural innovation 13.37 0.000 16.00 0.14 0.36
Education 74.63 0.000 16.00 0.79 0.84
Political regime 6.031 0.000 16.00 0.06 0.43
Institutional quality -0.059 0.953 16.00 0.00 0.45
Urban population 68.07 0.000 16.00 0.72 0.94
Agricultural population 53.33 0.000 16.00 0.56 0.82
Gini index -2.35 0.019 16.00 -0.02 0.66
Unemployment 7.51 0.000 16.00 0.08 0.47
CO: damage 35.74 0.000 16.00 0.38 0.50
Inflation 12.234 0.000 16.00 0.13 0.26
Trade openness 9.44 0.000 16.00 0.10 0.42
Education*political regime 0.446 0.656 16.00 0.00 0.54
Education*institutional -1.936 0.053 16.00 -0.02 0.61

quality

Notes: under the null hypothesis of cross-section independence, CD ~ N(0,1), P-values

close to zero indicate data are correlated across panel groups.
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Appendix E — Main variables graphs
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Figure 6: agricultural innovation (agrinn) vs. mean-centered average education years (c_avgeduyrs)
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Figure 7: agricultural innovation (agrinn) vs mean-centered political regime (c_polreg)
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Figure 8: agricultural innovation (agrinn) vs. centered institutional quality (c_instqual)
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Figure 9: agricultural innovation (agrinn) vs. mean-centered interaction term of education and

political regime (c_avgeduyrs_c_polreg)
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Figure 10: agricultural innovation (agrinn) vs. mean-centered interaction term of education and

institutional quality (c_avgeduyrs_c_instqual)
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Figure 11: mean-centered average years of education (c_avgeduyrs) vs. mean-centered political

regime (c_polreg)
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Figure 12: mean-centered average years of education (c_avgeduyrs) vs. mean-centered institutional

quality (c_instqual)
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Appendix F — Agricultural innovation index construction

F.1 — Introduction

There are several pros and cons about using composite indicators. The main aim is to
stimulate public interest and promoting discussions on relatively simple measures.
The OECD handbook for composite indicators (2008) explains the gains and hazards
when wusing an index. A composite indicator is defined either as a
quantitative/qualitative measure that comes from a diverse array of observed facts that

reveal rankings/positions for a country in a given area/sector.

Table 19: pros and cons of composite indicators. Source: OECD handbook for composite indicators

(2008)
Pros and cons of composite indicators
Pros Cons
e Can summarize complex, multi- e May send misleading policy
dimensional realities with a view messages if poorly constructed or
to supporting decision- makers. misinterpreted.
e Are easier to interpret than a e May invite simplistic policy
battery of many separate conclusions.
indicators. e May be misused, e.g. to support a
e (Can assess progress of countries desired policy, if the construction
over time. process is not transparent and/or
e Reduce the visible size of a set of lacks sound statistical or
indicators without dropping the conceptual principles.
underlying information base. e The selection of indicators and
e Thus, make it possible to include weights could be the subject of
more information within the political dispute.
existing size limit. e May disguise serious failings in
some dimensions and increase
the difficulty of identifying
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e Place issues of country proper remedial action if the
performance and progress at the construction process is not
center of the policy arena. transparent.

e Facilitate communication with e May lead to inappropriate
general public (i.e. citizens, policies if dimensions of
media, etc.) and promote performance that are difficult to
accountability. measure are ignored.

e Help to construct/underpin
narratives for lay and literate
audiences.

e Enable users to compare complex

dimensions effectively.

F.2 — Theoretical framework

The main objective of this index is to bring together three indexes of agricultural
output. This index measurement aim is to demonstrate the agricultural innovation
efficiency with respect to the total number of employed agricultural population. The
total population of a given country acted as a weight so that the index can be compared
between countries. The relationship between innovation and productivity is that as
innovation increases, productivity increases (Hall, 2011). For example, an increase in
cereal yield ton/ha or the added value coming from the agricultural sector are signs of
higher productivity which reveal higher levels of innovation. This increase might have
been enabled by an increased usage in fertilizers that allows for higher outputs. The
index has been constructed by gathering data from the entire world’s nations. This was
done in order to get statistically sound results. More details on the statistical approach
are reported in subsections F.3 to F.7. Agricultural innovation in SSA is especially
difficult to quantify as R&D expenditures are not always available data-wise.

Innovation is the creation of new practices, products, and strategies that generally
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improve productivity in the long-run. In the case for agricultural innovation, creation
of technology translates into higher productivity. Ideally, R&D departments would
come up with newfound solutions but in the SSA area only a handful of nations are
capable of sustaining national innovation at a competitive level (ASTI, 2019; Global
Innovation Index, 2019). Another negative aspect of the SSA geographical area is the
absence of agricultural biotechnologies. Thus, the innovation process in the primary
sector is still occurring at a rather slow pace (World Intellectual Property Organization,

2019).

The three main variables that are comprised in this agricultural innovation index are
as follows. The total fish production index considers the total production volume of
aquatic species caught for all kinds of economic purpose. The total food production
index reports values gathered from the total agricultural areas on land, excluding
coffee and tea as they do not possess any nutritive property. Lastly, the livestock
production index includes meat, milk, dairy products such as cheese, and hides from
all livestock sources. The variable that serve as weight is the ratio between agricultural
population and total population. As explained in the theoretical framework in
subsection 1.2.1.2, advanced nations display lower agricultural employment thus

revealing higher levels of agricultural innovation.
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The main source of the data has been gathered from the World Bank databank since it

is the most reliable source of data for development studies. The next table lists all

constituent variables. The timeframe for this dataset is between 2002 to 2017 so as to

match the paper’s time setting.

Table 20: agricultural innovation index data description

Constituent variable Description Sources
Agricultural population | Agricultural population is the | https://databank.worl
percentage of people working in the | dbank.org/
agricultural sector.
Fish production Total fisheries production measures | https://databank.worl
the volume of aquatic species caught | dbank.org/
by a country for all commercial,
industrial, recreational and
subsistence purposes. The harvest
from mariculture, aquaculture and
other kinds of fish farming is also
included.
Food production (2004- | Food production index covers food | https://databank.worl
2006 reference) crops that are considered edible and | dbank.org/
that contain nutrients. Coffee and tea
are excluded because, although
edible, they have no nutritive value.
Livestock (2004 Livestock production index includes | https://databank.worl
reference) meat and milk from all sources, dairy | dbank.org/

products such as cheese, and eggs,
honey, raw silk, wool, and hides and

skins.
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The presence of missing data has been dealt with interpolation and extrapolation

techniques. In some instances, the missing data has also been substituted with the

previous value. This occurred when the interpolation and extrapolation techniques

turned some variables negative. Outliers were however present but dropping them

was not an option. The following table shows the level of missing data both before and

after the transformation, normalization, and agricultural population weighting

processes.

Table 21: summary table for key variables before and after transformation, normalization, and

weighting

Variable Obs. Mean Std.Dev. Min Max
Fish production index 3456 | 782166.6 | 4630000 | -4206 | 8.42e+07
Transf-norm fish production index | 3453 | .11 11 0 1
Weighted fish production index 2991 |9.71 39.04 .06 1504.8
Norm-weighted fish production 2991 | 6414.2 2594692 |0 1000000
index
Food production index 3232 | 109.39 21.68 31.39 | 229.35
Weighted food production index | 2960 | 20.85 62.63 .84 2189.83
Norm-weighted food production | 2960 | 9140.66 |28612.3 0 1000000
index
Livestock production index 3216 | 109.62 22.89 30.95 | 364.86
Transf-norm livestock production | 3216 | .51 .07 0 1
index
Weighted livestock production 2960 | .4 1.16 .02 34.18
index
Norm-weighted livestock 2960 | 11221.02 | 34026.11 |0 1000000
production index
Total agricultural population 2992 | 27.84 23.73 .06 92.3
Norm agricultural population 2992 | .3 .26 0 1
Average agricultural index 2960 | 10.63 31.88 43 1112
Norm average agricultural index | 2960 | 9170.67 |28682.29 |0 1000000
Agricultural innovation index 2959 | 7821.29 |26410.58 | 97.03 | 1000000
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F.5 — Multivariate analysis

In terms of multivariate analysis, the most sensible solution with respect to the present
dataset would be to calculate the Cronbach coefficient alpha. This choice was made
because of the negative influence that outliers — which are present in the dataset —
would have on the most common principal component/factor analyses. On top of that,
Cronbach is not sensitive to small-sample problems. The variables have been
transformed and, since the variables have wide variances, their normalized forms had
to be computed. Meaning that the mean was set to 0 and the standard deviation to 1.
Since the food production index and livestock index suffered from severe
multicollinearity, they were averaged out so that a mean agricultural productivity
index was obtained. After these operations, the alpha coefficient for the three variables
is equal to 0.9252. This is sufficient and necessary for the index to be considered
reliable. Furthermore, it was considered sensible to use a min-max normalization
method since it is one of the most common ways to normalize data. The only downside
is that it is sensitive to outliers which however have been taken care of during the

variable transformation process.
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F.6 — Normalization

For each constituent variable the min-max method was applied with the following

formula:

Equation 5: normalization formula

x — min (x)

X =
normal = max(x) — min (x)

where x is the constituent variable value, min is the minimum value for the relative
variable, and max is the maximum value for the relative variable. This transformation
allows each constituent variable to be transformed into a normal variable with a [0, 1]
scale and with mean 0 and standard deviation with value of 1. Variable
transformations were also carried out. Those variables that had positive skewness —
aka right-skewness — were transformed by using squared roots, cubic roots, and
logarithms. Negative skewness — aka left-skewness — was solved through squaring.
The “spikes” were still slightly present in some instances even after correcting for

skewness, but their effects were diluted.
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F.7 — Weighting and aggregation

The OECD handbook for composite indicators construction explains that there is no
‘objective” way to determine weights and aggregation methods. Thus, each index has
been weighted with respect to the ratio between agricultural population and total
population. This was done in order to evaluate how much labor-dependent a certain
country is whilst accounting for the total population for comparability. This was the
only available contrast variable that could have been used that could indicate an

overall improvement in agricultural innovation. The formula is shown down below:

Equation 6: weighting and aggregation formula

. X1 T X
= ——=
2W

where i is the agricultural innovation index, x is the output constituent variable (fish
production and the average agricultural production), and W is the agricultural
population on total population ratio weight. Value tables are shown down below. It
can be noted that countries with huge populations such as India and China are
dragged down by their population weight even though their total agricultural output
is high. In order to persuade the reader of the usefulness of this index, the next tables
show how the GDP per capita — with 2010 US$ as a reference point — lies with respect
to the agricultural innovation index. It can be noted that the highest agricultural
innovation index ranking nations are also relatively highest scoring in the GDPc

scoring with some exceptions, e.g. Argentina.
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Forenote: in order to have readability value, all indexes have been multiplied by

10*E+06 with the exception of the agricultural innovation index.

Table 22: World's country list ranked from highest agrindex value to lowest

Agricultural
Agricultural Fish Average innovation
innovation production agricultural index GDPc
Country index index index GDPc ranking ranking
Hong Kong SAR,
China 157628.3 165762.9 149493.7 31618.437 1 28
Argentina 156735.4 163876.5 149594.3 9616.8198 2 60
Guam 73469.02 18128.5 128809.5 30469.011 3 30
Macao SAR, China 64905.32 19073.76 110736.9 47955.813 4 11
United States 58898.97 82694.73 35103.21 49329.846 5 10
Brunei Darussalam 46522.93 13038.19 80007.67 35249.618 6 26
United Kingdom 44966.37 51733.86 38198.88 40351.827 7 23
Bahrain 35668.03 13814.48 57521.58 21719.277 8 40
Singapore 34438.96 14620.47 54257.46 46176.332 9 14
Canada 31830.83 37500.96 26160.71 47161.702 10 12
Norway 28092.34 38592.5 17592.18 88521.486 11 2
Luxembourg 26862.13 22958.04 30766.22 104551.39 12 1
Germany 26380.82 25434.7 27326.93 42159.252 13 20
Israel 24470.85 13849.51 35092.18 30359.237 14 31
Qatar 23918.14 9501.805 38334.48 65012.443 15 4
Belgium 21349.72 13244.45 29454.99 43855.638 16 19
Denmark 19978.06 22903.79 17052.34 59187.128 17 5
Sweden 19842.27 18990.33 20694.21 52589.676 18 7
Puerto Rico 19748.34 6292.34 33204.34 27020.194 19 34
Japan 19456.99 28256.88 10657.09 45102.895 20 16
Malta 18336.58 7658.166 29015 21839.202 21 39
Netherlands 18066.9 18492.98 17640.82 50520.397 22 9
France 16641.3 19178 14104.6 40922.604 23 22
Kuwait 15660.71 4659.565 26661.86 41145.022 24 21
Australia 14015.56 13550.59 14480.54 51700.276 25 8
Spain 12762.56 15512.22 10012.89 30651.148 26 29
Bahamas, The 12355.41 5780.821 18929.99 29404.489 27 33
Iceland 11746.83 14016.94 9476.721 44891.275 28 17
Italy 11558.15 12363.84 10752.46 36016.907 29 24
United Arab
Emirates 11231.21 9155.379 13307.04 44826.966 30 18
Korea, Rep. 10772.48 14771.21 6773.737 22429.328 31 37
Russian Federation 9889.013 13175.94 6602.083 10297.213 32 59
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Agricultural
Agricultural Fish Average innovation
innovation production agricultural index GDPc
Country index index index GDPc ranking ranking

Czech Republic 9509.083 5749.188 13268.98 19498.701 33 42
South Africa 9337.168 10014.54 8659.799 7158.4257 34 72
Estonia 9132.33 6509.505 11755.16 15838.372 35 46
Finland 9008.607 8276.214 9741.001 46102.678 36 15
Saudi Arabia 8426.051 6611.612 10240.49 19780.543 37 41
Jordan 8370.342 1954.255 14786.43 3443.0817 38 105
Barbados 8107.432 2797455 13417.41 16130.085 39 44

Ireland 7876.285 7968.014 7784.557 53631.831 40 6

Switzerland 7664.739 2680.057 12649.42 73702.675 41 3
Trinidad and Tobago | 7460.897 3987.512 10934.28 15485.744 42 48
Oman 7412.753 6299.16 8526.347 17396.314 43 43
New Zealand 7337.165 7948.554 6725.777 34441.846 44 27
Cyprus 6950.66 4025.195 9876.125 29807.364 45 32
Slovak Republic 6873.993 2551.893 11196.09 16028.672 46 45
Chile 6858.478 9650.179 4066.776 12767.818 47 52
Virgin Islands (U.S.) 6288.282 1543.691 11032.87 35629.635 48 25
Hungary 5929.449 3723.937 8134.961 13539.769 49 50
Austria 5484.58 1921.451 9047.71 46634.196 50 13
Venezuela, RB 5408.378 5333.584 5483.172 13177.534 51 51
Suriname 4997.673 2783.432 7211.915 7775.7173 52 71
Malaysia 4843.199 6076.549 3609.85 9192.3512 53 63
Brazil 4718.731 5473.463 3964 10638.038 54 58
Latvia 4693.453 3596.414 5790.493 12306.651 55 54
Mexico 4322.705 5493.759 3151.65 9538.189 56 61
China 4255.005 7378.09 1131.919 4462.031 57 94
Bulgaria 4234.979 2193.088 6276.869 6610.3036 58 75
Portugal 4106.553 3914.573 4298.532 22125.34 59 38
Lithuania 4104.516 3314.465 4894.568 12645.106 60 53
Uruguay 3741.359 2858.503 4624.215 11401.989 61 56
Mauritius 3276.452 1718.175 4834.73 7892.3562 62 70
Algeria 3265.279 2404.312 4126.245 4435.7547 63 95
Montenegro 3168.815 1207.979 5129.651 6504.0877 64 76
Croatia 3141.049 2247.296 4034.802 13885.413 65 49
Poland 3101.921 2958.187 3245.655 12244.759 66 55
Greece 3072.273 3006.755 3137.79 25727.764 67 35
Slovenia 2937.295 1017.223 4857.369 23121.224 68 36
Belarus 2876.02 1295.633 4456.406 5391.3378 69 84
Costa Rica 2816.117 1832.238 3799.997 8063.1131 70 69
Dominican Republic 2804.5 1349.217 4259.783 5464.3567 71 82
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Agricultural
Agricultural Fish Average innovation
innovation production agricultural index GDPc
Country index index index GDPc ranking ranking
Peru 2778.868 4004.291 1553.446 4922.8085 72 87
Indonesia 2553.666 4031.117 1076.215 3110.8135 73 110
Maldives 2542.425 2677.665 2407.185 6988.8936 74 73
Panama 2533.849 2384.963 2682.735 8293.7132 75 67
St. Vincent and the
Grenadines 2509.282 1769.419 3249.145 6254.7328 76 79
Iran, Islamic Rep. 2414.69 2872.288 1957.092 6146.014 77 80
Ukraine 2289.227 1938.66 2639.794 2909.0551 78 114
Philippines 2248.629 3326.311 1170.947 2253.4381 79 123
Tunisia 2195.704 1859.649 2531.759 3906.8219 80 100
Colombia 2148.714 1994.147 2303.28 6373.2312 81 78
Turkey 2092.165 2345.853 1838.478 11238.048 82 57
Lesotho 2050.241 367.3664 3733.115 1142.8418 83 144
West Bank and Gaza 1933.398 739.7596 3127.037 2299.3125 84 122
Egypt, Arab Rep. 1912.131 2438.884 1385.378 2467.4451 85 120
Belize 1842.505 1793.129 1891.882 4262.1721 86 97
Thailand 1764.993 2546.994 982.9919 4974.8113 87 86
Ecuador 1757.79 2106.688 1408.891 4691.9234 88 90
El Salvador 1707.796 1241.438 2174.155 3036.149 89 112
Cabo Verde 1688.814 1022.164 2355.464 3166.7806 90 109
Guyana 1670.969 1149.635 2192.302 3062.8348 91 111
India 1665.687 2614.175 717.1993 1349.2828 92 134
Cuba 1640.194 1252.628 2027.76 5431.1371 93 83
Jamaica 1555.861 932.9369 2178.784 4835.0436 94 88
Libya 1540.118 1034.532 2045.705 9060.6589 95 64
Lebanon 1524.06 673.5102 2374.61 6501.9931 96 77
Namibia 1508.694 1856.384 1161.003 5315.7133 97 85
Eswatini 1485.673 172.7552 2798.591 4103.4609 98 99
Vietnam 1479.221 2241.646 716.7955 1305.9597 99 140
Yemen, Rep. 1445.781 1298.864 1592.698 1116.9104 100 145
Paraguay 1424.246 697.3525 2151.14 4231.8794 101 98
Bangladesh 1374.328 1954.355 794.3005 790.69893 102 156
Sri Lanka 1370.677 1477.516 1263.838 2813.432 103 116
Iraq 1368.775 1090.156 1647.394 4618.4426 104 91
Bosnia and
Herzegovina 1330.513 562.4122 2098.615 4573.8542 105 93
North Macedonia 1305.078 345.9597 2264.196 4389.8744 106 96
Kazakhstan 1295.139 828.899 1761.379 8811.4334 107 65
Morocco 1271.124 1663.716 878.532 2770.7535 108 118
Senegal 1180.745 1290.431 1071.059 1284.0712 109 142

93




2nd Semester, Block 4 Master Thesis in Economics  Luca Pertegato, s1039695

Agricultural
Agricultural Fish Average innovation
innovation production agricultural index GDPc

Country index index index GDPc ranking ranking
Serbia 1177.836 587.6575 1768.015 5528.1665 110 81
Nigeria 1127.526 1451.002 804.05 2162.7458 111 124
Myanmar 1124.665 1630.458 618.8721 931.46289 112 151
Turkmenistan 1091.14 616.7342 1565.545 4587.1441 113 92
Nicaragua 1065.479 771.366 1359.593 1578.6874 114 131
Pakistan 1055.545 1276.85 834.2399 993.09071 115 149

Sao Tome and

Principe 1047.242 469.3134 1625.172 1074.4627 116 147
St. Lucia 1029.68 380.6706 1678.69 8493.668 117 66
Angola 1014.263 975.2421 1053.283 3331.0849 118 106
Uzbekistan 1012.544 541.9135 1483.174 1616.9466 119 130
Guatemala 994.2004 632.1143 1356.287 2920.5116 120 113
Botswana 993.3925 112.2253 1874.56 6629.9496 121 74
Tonga 959.2159 278.2149 1640.217 3622.2052 122 103
Cambodia 955.391 1023.971 886.8107 792.44083 123 155
Ghana 928.5201 988.7879 868.2523 1334.8504 124 136
Haiti 919.9696 448.9941 1390.945 702.62564 125 161
Honduras 906.4038 723.4223 1089.385 1912.2644 126 128
Gambia, The 889.1603 704.735 1073.586 794.72991 127 154
Congo, Rep. 863.988 675.8303 1052.146 2710.899 128 119
Romania 862.2324 544.5196 1179.945 8246.5414 129 68
Bolivia 861.2036 371.0294 1351.378 1985.0588 130 126
Gabon 756.1934 552.818 959.5688 9333.3771 131 62
Malawi 746.2012 576.7847 915.6176 449.33883 132 175
Benin 727.7057 488.8976 966.5138 1055.7534 133 148
Cameroon 710.4163 648.0569 772.7755 1315.3915 134 138
Samoa 698.1716 379.6177 1016.725 3558.1611 135 104
Armenia 674.795 300.2816 1049.308 3213.4099 136 108
Moldova 661.7195 369.0664 954.3726 2451.5437 137 121
Togo 650.8054 405.0625 896.5483 565.42042 138 168
Azerbaijan 642.1031 209.7592 1074.447 4751.5242 139 89
Mongolia 629.9653 50.22705 1276.883 2853.6306 140 115
Sudan 628.4072 507.0857 749.7288 1492.8633 141 132
Cote d'Ivoire 619.2896 526.3184 712.2607 1288.8233 142 141
Mauritania 618.047 759.1368 476.9571 1632.6575 143 129
Solomon Islands 604.9871 498.2345 711.7397 1307.5973 144 139
Kyrgyz Republic 600.0364 110.5452 1089.527 880.41453 145 152
Burkina Faso 589.7897 342.1884 837.3912 643.10865 146 164
Sierra Leone 588.3165 544.0153 632.6177 416.83134 147 177
Djibouti 579.4446 153.232 1005.657 1343.2687 148 135
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Agricultural
Agricultural Fish Average innovation
innovation production agricultural index GDPc

Country index index index GDPc ranking ranking
Zambia 565.3194 438.9858 691.653 1386.5515 149 133
Albania 556.7219 256.6305 856.8134 3818.3258 150 102
Tanzania 541.9371 627.3871 456.4872 740.40854 151 160
Fiji 535.2741 508.0717 562.4766 3859.0892 152 101
Kenya 531.4005 575.5743 487.2267 957.4934 153 150
Liberia 526.1182 285.5711 766.6653 519.50288 154 170
Equatorial Guinea 498.1554 242.1227 754.188 15654.755 155 47
Papua New Guinea 481.8362 582.0923 381.58 1927.3125 156 127
Uganda 477.5419 693.8349 261.2489 781.38658 157 157
Lao PDR 464.2802 420.2051 508.3553 1150.6644 158 143
Vanuatu 459.2397 457.0817 461.3978 2796.0238 159 117
Mali 458.7799 411.2877 506.2721 691.96327 160 163
Guinea 423.381 442.3139 404.4481 699.51319 161 162
Congo, Dem. Rep. 421.7303 546.7268 296.7338 341.0343 162 179
Comoros 400.5955 298.745 502.4459 1322.2312 163 137
Timor-Leste 398.4862 170.6381 626.3344 763.17533 164 158
Mozambique 395.911 431.8795 359.9424 466.36747 165 174
Tajikistan 384.5543 76.42955 692.679 750.10234 166 159
Madagascar 375.3988 435.868 314.9297 473.30944 167 172
Georgia 357.6408 327.1165 388.165 3239.6648 168 107
Nepal 342.6213 312.4966 372.746 596.51647 169 167
Chad 340.343 340.4424 340.2435 818.6868 170 153
Afghanistan 335.2205 110.5348 559.9061 473.20221 171 173
Niger 321.4082 252.642 390.1744 474.80227 172 171
Ethiopia 310.9697 214.4686 407.4707 343.49183 173 178
Rwanda 275.7957 172.8435 378.7478 601.02677 174 165
Guinea-Bissau 261.5898 136.3863 386.7933 555.77916 175 169
Zimbabwe 235.6631 221.7534 249.5727 1075.5087 176 146

Central African

Republic 233.5956 216.137 251.0542 420.99476 177 176
Eritrea 229.9185 129.793 330.0439 598.09245 178 166
Bhutan 181.2482 8.166954 354.3294 2135.3505 179 125
Burundi 150.7325 138.2871 163.1778 229.57672 180 180
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Table 23: SSA geographical area countries ranked from highest agrindex value to lowest

Agricultural
Agricultural innovation
innovation Fish production Average index GDPc

Country index index agricultural index | GDPc ranking ranking
South Africa | 9337.168 10014.54 8659.799 7158.4257 1 3
Mauritius 3276.452 1718.175 4834.73 7892.3562 2 2
Lesotho 2050.241 367.3664 3733.115 1142.8418 3 15
Namibia 1508.694 1856.384 1161.003 5315.7133 4 5
Senegal 1180.745 1290.431 1071.059 1284.0712 5 14
Nigeria 1127.526 1451.002 804.05 2162.7458 6 7
Angola 1014.263 975.2421 1053.283 3331.0849 7 6
Botswana 993.3925 112.2253 1874.56 6629.9496 8 4
Ghana 928.5201 988.7879 868.2523 1334.8504 9 10
Gabon 756.1934 552.818 959.5688 9333.3771 10 1
Malawi 746.2012 576.7847 915.6176 449.33883 11 31
Benin 727.7057 488.8976 966.5138 1055.7534 12 17
Cameroon 710.4163 648.0569 772.7755 1315.3915 13 12
Togo 650.8054 405.0625 896.5483 565.42042 14 26
Cote d'Ivoire | 619.2896 526.3184 712.2607 1288.8233 15 13
Mauritania 618.047 759.1368 476.9571 1632.6575 16 8
Burkina Faso | 589.7897 342.1884 837.3912 643.10865 17 24
Sierra Leone | 588.3165 544.0153 632.6177 416.83134 18 32
Zambia 565.3194 438.9858 691.653 1386.5515 19 9
Tanzania 541.9371 627.3871 456.4872 740.40854 20 21
Kenya 531.4005 575.5743 487.2267 957.4934 21 18
Liberia 526.1182 285.5711 766.6653 519.50288 22 27
Uganda 477.5419 693.8349 261.2489 781.38658 23 20
Mali 458.7799 411.2877 506.2721 691.96327 24 23
Guinea 423.381 442.3139 404.4481 699.51319 25 22
Comoros 400.5955 298.745 502.4459 1322.2312 26 11
Mozambique 395.911 431.8795 359.9424 466.36747 27 30
Madagascar 375.3988 435.868 314.9297 473.30944 28 29
Chad 340.343 340.4424 340.2435 818.6868 29 19
Niger 321.4082 252.642 390.1744 474.80227 30 28
Ethiopia 310.9697 214.4686 407.4707 343.49183 31 33
Rwanda 275.7957 172.8435 378.7478 601.02677 32 25
Zimbabwe 235.6631 221.7534 249.5727 1075.5087 33 16
Burundi 150.7325 138.2871 163.1778 229.57672 34 34
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F.8 — Robustness and sensitivity analysis

With respect to sensitivity the dataset did have data missings which have been solved
by interpolating and extrapolating the values with a reasonable overall result. Albeit
extremely easy methods, they come with a few shortcomings such as the fact that
extrapolation is not exceptionally reliable if the original dataset is not consistent. Thus,
it is necessary to approach the issue of utilizing different types of missing data
imputation methods. To verify data reliability, different methods have been applied.
First and foremost, complete case analysis was implemented. Nevertheless, it led to
the dataset having less statistical power, reduced sample size, and biased estimates.
The data is thus assumed to be not missing completely at random even though there
is no clear-cut method to establish the reason behind the missing data. Another
method which is close to the one just mentioned is available case analysis. This method
involves estimating means, variances, and covariances based on non-missing cases.
However, this method is not recommended because it does not add anything new with
respect to the previous one. The data have to be missing completely at random for this
method to work. Another method is the unconditional mean imputation which entails
replacing the missing values for an individual variable with its overall estimated mean
from the non-missing cases. This method leads the dataset to have the same mean but
a much lower standard deviation after substituting the mean for each missing value.
The reason behind this is that variability is greatly reduced. Regression models that
seek to estimate associations between the variables will be weakened accordingly.
More sophisticated methods such as single imputation and stochastic imputation were
applied. The first one, single imputation, is arguably the easiest but suffers from low
variability much like unconditional method analysis. This is because all missings lie
on the regression line. Also, there is no differentiation between observed and imputed
values regression-wise. Hence, the model error associated with the imputed value is
not accounted for. Furthermore, associations between variables are inflated causing
upwardly bias correlations. A much more efficient and reliable method is stochastic

imputation. This method works best under the missing at random assumption.
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As a final remark, the weights assigned to each variable seem to be most suitable and
considerate for the issue at hand. Agricultural employment on total population is the
only indicator which can show how modern a country is in economic terms. The
aggregation method merely computed the mean between the two constituent index
chunks. As it can be seen in the previous tables, the agricultural innovation index
seems to be comparable with other economic indicators such as GDP per capita. A
pattern between these two indicators can be discerned as the lowest the agricultural

innovation index is, the lower GDP per capita is as well.

F.9 — Back to the details and links to other indicators

The table below shows the correlation between the constituent variables of the
agricultural innovation index. The two agricultural subsectors food, and livestock are
strongly correlated with each other. For this reason, they were averaged out creating
the average agricultural index. This prevented the agricultural innovation index to

suffer from multicollinearity.

Table 24: correlation matrix for each key constituent variable belonging to the agrindex

Variables (1) (2) (3) 4)
(1) Norm-weighted fish production index 1.00
(2) Norm-weighted food production index 0.86 1.00
(3) Norm-weighted livestock production 0.84 0.97 1.00
index
(4) Norm average agricultural index 0.86 1.00 0.98 1.00

These variables by themselves would give but a glimpse about agricultural
performance and they would not explain how much innovation changes over time. To
achieve this, the only weight variable available for all countries is the ratio between
the total number of people employed in the agricultural sector on the total population.
By weighting each country by this ratio, a more accurate definition of agricultural
innovation and productivity can be discerned. As it can be seen in table 23, the most

advanced countries are those which were able to retain their institutions intact through
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the decolonization period. These countries are endowed with technological prowess

and the ability to correctly utilize their natural resources.

This index measures the agricultural innovation value weighted for national country
agricultural population on total population. As seen in the previous tables, the GDP
per capita can be compared to the agricultural innovation index. In matters of
innovative usefulness, it is much closer to the cereal yield index utilized in this paper
which also related output with input — tons on hectares — which provides how much
advanced the technologies in a given countries are. Measuring tons on worker

employed gives a glimpse of how ‘modernized” the agricultural sector in a country is.

F.10 — Conclusion

What has been achieved in this brief appendix is the creation of an agricultural
innovation index which is made up of three complementary production variables.
What it tries to do is to give a glimpse of how agriculturally developed a country is,
giving each dimension a different weight depending on the total number of
agricultural employed population as a percentage of total population. This index
follows the rule that the more people are employed in agriculture the less
agriculturally (and not only) advanced it is. Thus, the main assumption for this
agricultural innovation index would be that agricultural innovation is correctly
displayed if and only if there is an underway sector working population shift to non-
primary sector activities. This means that a country’s economy differentiation and
modernization are happening. If the primary sector is found to be more worthwhile
than other sectors, then this index might report faulty values. This phenomenon
however would be very much unlike what most modern advanced countries went
through during post-industrial revolution periods. Furthermore, if a country -
especially if it is of small dimensions and/or has unsuitable areas for agricultural

activities meaning that there is a strong reliance on agricultural imports from other
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countries — is experiencing an agricultural sunset industry effect?! then it could be that
the results might be faulty. It is important to remark that the highest scoring countries
with respect to the agricultural innovation index in the SSA geographical area are
countries which are for the most part high scoring in the GDP per capita rankings as
well, e.g. South Africa and Mauritius. Other countries which have more agricultural
potential, e.g. Zimbabwe, do not exploit their natural resources fully because of low-
quality agricultural and political management. This index benefits from a multifaceted
approach that lessens the probability of focusing on just a single unweighted indicator.
An overly reliance on indicators such as the agricultural value added would give an
excessively broad perspective on a country. Even though it shows just a “section” of

GDP it is however not remarkably useful to measure agricultural innovation.

21 A sunset industry effect is experienced by industries that are in decline and/or have passed their peak
or boom periods. A clear example would be the analogue recording technologies for audio or video
which have been substituted by digital equivalents. Sales in the former business have declined

substantially thus the name ‘sunset industry’.
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