University of Colorado, Boulder

CU Scholar
Undergraduate Honors Theses

Honors Program

Spring 2013

Green Development and Investments in Science
and Technology Policy: A Comparative Analysis of
Developing Countries
Kayla Schick
University of Colorado Boulder

Follow this and additional works at: https://scholar.colorado.edu/honr_theses
Recommended Citation
Schick, Kayla, "Green Development and Investments in Science and Technology Policy: A Comparative Analysis of Developing
Countries" (2013). Undergraduate Honors Theses. 488.
https://scholar.colorado.edu/honr_theses/488

This Thesis is brought to you for free and open access by Honors Program at CU Scholar. It has been accepted for inclusion in Undergraduate Honors
Theses by an authorized administrator of CU Scholar. For more information, please contact cuscholaradmin@colorado.edu.

GREEN DEVELOPMENT AND INVESTMENTS IN
SCIENCE AND TECHNOLOGY POLICY:
A COMPARATIVE ANALYSIS OF DEVELOPING COUNTRIES

By
Kayla Schick
University of Colorado at Boulder

A thesis submitted to the
University of Colorado at Boulder
in partial fulfillment
of the requirements to receive
Honors designation in
Environmental Studies
May 2013

Thesis Advisors:
Dale Miller, Department of Environmental Studies
Steve Vanderheiden, Department of Political Science
Krister Andersson, Department of Political Science, Committee Chair

© 2013 by Kayla Schick
All rights reserved
i

ABSTRACT
Green development offers an attractive alternative to the resource-intensive
growth pursued by today’s developed countries; it allows development processes to
be augmented with sustainable measures complementary to long term growth and
STI policy investment may be ancillary to that. This paper seeks to answer the
following two part question: How is the presence and strength of a country’s
national green development plan related to its investment in STI policies? And what
role do historical, geographic, political, social, and economic factors play in
explaining the adoption of such policies? A multi-level comparative analysis is used
in this research to test the hypothesis that higher investments in STI will lead to
stronger green development plans. Although the findings of this analysis suggest no
direct correlation between the two variables, they do illustrate the importance of a
variety of driving factors, particularly political ones, in leading to the creation of
specific national plans for sustainable development.
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ABBREVIATIONS AND ACRONYMS
CRGE

climate-resilient green economy

ENRAMED

Ethiopian Natural Resources and Environmental Metadata base

FDI

foreign direct investment

GDP

gross domestic product (nominal)

HDI

Human Development Index

ISI

import substituting industrialization

MDGs

Millennium Development Goals

NCS

national conservation strategy

NSI

national systems for innovation

R&D

research and development

SD

sustainable development

SDGs

Sustainable Development Goals

SDPRP

sustainable development and poverty reduction program

STI

science, technology, and innovation

STIP

science, technology, and innovation policy

UN

United Nations

UNDP

United Nations Development Programme

UNEP

United Nations Environment Programme
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INTRODUCTION
While development has traditionally been assessed by the amount of
economic progress and growth made by a country, often measured by GDP,
development scholars have been reshaping this characterization of development to
include non-monetary factors that are more indicative of the quality of life that
people lead. Emphases on other types and aspects of development focus on different
factors than GDP, leading to the creation of alternative indices of development. The
Human Development Index (HDI) for example, measures the health, education, and
living standards, of people within a country in order to assess its development.
Another component to more qualitatively assessing development is looking at
environmental health in a country.
As global population and material consumption have increased over the
years, natural resource stocks have become heavily strained, leading to declining
ecological resilience and increasing environmental problems. This is especially true
in developing countries where poverty puts people closer to such immediately felt
environmental issues as soil deterioration, poor air and water quality, and
sanitation problems. At the same time, the world has slowly come to the realization
that resource-intensive growth has an impact on the global climate. This has caused
countries of the developed world to begin pressuring those still in the process of
developing into limiting their development-related, high resource-based emissions.
Pathways to development are now the subject of wide debate since climate
projections and scientists have indicated that if the developing world pursued the
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same high-polluting growth that was taken by earlier countries like the U.S., carbon
emissions would soon be beyond controlling (World Bank, 2012).
Helpfully, green development offers an attractive alternative to countries
seeking to augment their development processes with sustainable measures
complementary to long term growth. Sustainable development is important because
it seeks to address the ecological strains and associated problems caused by
resource-based economies. Science, technology, and innovation (STI) policy
investment may therefore be ancillary to this alternative characterization of
development, especially because of the link between environmental improvement
and poverty reduction.
The existing literature on this topic suggests that STI policies are critical to
development—especially as studied in Africa—and that the focus of these policies
may be shifting to sustainability topics (Wamae, 2008). Although STI policy
literature acknowledges that the policy environment affects the quality of the
resulting policies, what it does not cover, is what those contextual aspects may be.
Therefore, what I seek to answer by conducting a multi-level comparative
analysis is the following two-fold question: Firstly, how is a country’s decision to
pursue or not pursue a national green development plan related to its level of
investment in STI policies? And that being said, given varying levels of STI
investment, can historical, geographic, political, social, and economic driving factors
explain the strength or existence of national green development plans? Figure 1
provides a visual representation of how I believe these variables to be connected.
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Figure 1

What I hypothesize, based on the connection I believe to exist between STI
policies and green development plans, is that countries with higher investment in
STI policies and systems are more likely to have stronger sustainable development
plans than countries with lower levels of STI investment. Therefore, what I expect to
see is a positive correlation between the level of STI investment and the strength of
national green development plans. I hope to be able to explain this through an
analysis of my five selected driving factors
Answering this question is important in providing insight into the
development processes of the third world, specifically in regards to green
development. Furthermore, this research will allow me to make scientific inferences
about the processes that lead to sustainable development outcomes, such as
increased investments in STI policies. My research can show if investing in STI helps
to encourage green development in countries. I hope to identify patterns and to
isolate which factors tend to be the more compelling deciders.
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BACKGROUND
Sustainable development has been popularly defined by the Brundtland
Commission as “development that meets the needs of the present without
compromising the ability of future generations to meet their own needs” (Common,
1987). With natural resource stocks on the decline, both developed and developing
countries around the world are realizing the importance of sustainable development
and are beginning to transition their economies to meet demands in a less resourceintensive way. The United Nations has listed ‘Environmental Sustainability’ as one of
its eight Millennium Development Goals, making one of the goal’s targets to,
“Integrate the principles of sustainable development into country policies and
programs and reverse the loss of environmental resources” (Goal 7, 2010). Ban KiMoon, Secretary-General of the UN, highlighted the UN’s emphasis on the
importance of green development, saying:
“Prosperity need not come at the expense of our planet…wise investments in a
greener, lower-carbon direction have tremendous potential to spur
growth…and to move us forward in clean technologies, creating ‘green’
jobs…and preserving our planet’s natural wealth” (Ki-moon)
In fact, the UN has recently been transforming the Millennium Development Goals
by creating the new Sustainable Development Goals (SDGs), which further support
those values quoted by the Secretary-General and the direction that the world needs
to move towards in order to sustain itself into the future (Sachs, 2012).
According to Jeffrey Sachs, a development economist and the UN SecretaryGeneral’s special advisor on the SDGs, “the SDGs are an important idea, and could
help finally to move the world to a sustainable trajectory” (Sachs, 2012). These new

4

Sustainable Development Goals will attempt to address environmental issues that
people face, especially in developing countries.
Although the topic of environmental sustainability in development has
become a priority, as was previously introduced, the actual paths to development
have been greatly debated.
The reason behind this debate has to do with recognizing justice issues
between the two hemispheres—the global North, generally consisting of today’s
developed countries, and the global South, comprising of the less developed and still
developing countries. During its development in the 1700s and 1800s, the North
used a large amount of coal to fuel its factories during the industrial revolution;
much of this development was very resource-intensive and produced new, suddenly
higher levels of carbon emissions (Vaughan, 2009).
The North was able to make economic leaps forward at a low cost and it was
during this time that society took off towards where it is today (Rostow, 1962).
Since the industrialization of the North occurred before the realization of the effects
of pollution on the environment, its development was unconstrained by worries
about resource depletion, ecosystem imbalances, or climate change. Comparatively,
parts of the global South and other portions of the less developed world, have now
reached a point in their development where they hope to also achieve the sort of
economic success and forward movement that the North did. With resources now
more constrained than ever, and environmental understanding more pronounced,
developing nations are being told that they cannot take the same resource-intensive
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path to development as the North did due to the cost it would have to the global
climate (Shen, 1997).
However, there are development scholars such as Wilfred Beckerman, who
debate the ‘right’ of the developed world to force these restrictions on often
impoverished countries just seeking to improve their current condition (1992).
Developed countries are primarily concerned at the global scale in regards to
climate change because they are geographically distanced from most of the physical
environmental problems associated with a changing climate, such as sea level rise,
increased droughts and desertification, and especially water accessibility issues.
Therefore, developed countries seek to impose emissions restrictions on developing
countries because they want to bring balance back to the climate and to mitigate
climate change, since that is the part that they do experience (Beckerman, 1992).
For these developing countries however, reducing emissions to help mitigate
rising CO2 levels is not the top priority; they face more pressing environmental
concerns, such as localized air and water quality, sanitation, and soil deterioration,
which take precedence over regulating CO2 emissions (Beckerman, 1992). These
issues immediately affect the people living in environmentally vulnerable areas who
are often impoverished and more likely to be affected by environmental hazards
that affect their very livelihoods and well-being, than to care about their country’s
emissions reductions.
While focusing on national emissions would be the preference of the North,
governments of countries in the developing world need to make choices that are
concurrent with their own national interests. The choice therefore, is not for poor
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countries to accept the imposition of the rich, developed countries or not, but is
about whether greening their national policies makes sense for them politically and
economically. While resource-intensive growth may actually make these countries
worse off, even in the short run, green growth is more beneficial to both short and
long term societal development goals.
Sustainable development that is ecologically and environmentally restorative
needs to be pursued in these countries because it will address those previously
listed issues while at the same time helping the country to move forward. For this
reason, understanding the different pathways to development, especially
sustainable paths, is particularly important.
Since every country is different, with unique and individual origins, histories,
and current situations, a one-size-fits-all development policy is impossible to
prescribe and each country must instead pursue its own particular path. Therefore,
development can be seen as a learning process—as a country begins to industrialize
it must learn new forms of institutional organization and governmental processes,
as well as how to work new technologies into their existing economies and to build
the supporting infrastructure to enhance those technologies (Niosi, 2010).
Although there is no one-size-fits-all development policy, there are generally
three groupings of pathways that can generalize the paths that countries take in
their development: 1) creating paths, 2) skipping paths, and 3) following paths
(Niosi, 2010).
The strategy of creating paths involves developing human capital in order to
increase innovation and output of domestic technologies. It is often an approach
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used by middle-income countries that already have some ability to invest in human
capital. However, it is also a good path for developing countries that have chosen to
invest in STI policies since the focus on science, technology, and innovation in a
country’s industry would help it to move forward. Countries may also pursue a
policy of Import Substituting Industrialization (ISI) through this approach, which
although it works to develop infant industries, artificially distorts the country’s
comparative advantage, leaving them vulnerable when opened to the world market.
ISI typically involves a high degree of experimentation with different industries,
which although beneficial, can also be quite costly.
The second strategy, skipping paths, would be a good option in the case of
developing countries; this would provide them with the opportunity to
“technologically leapfrog” their way from dirty to clean economies (Morrison, 2010).
Using this approach would cut costs for developing countries since they would be
able to originally implement green, advanced technologies instead of incurring the
costs of replacing older, dirtier systems (Morrison, 2010). Neoclassical economics
has demonstrated that developing late can be beneficial because it allows those
countries to catch up more quickly by obtaining those technologies from other,
wealthier countries (Niosi, 2010). This approach also meshes well with STI
investment since in order to adopt advanced, existing technologies, a country must
first develop its capacity to acquire and use new knowledge (Wamae, 2008).
The strategy of following paths is the one that is most widely debated. As was
previously discussed, this is the very core of the development debate—developing
countries want to follow the same paths as countries such as the U.S., but the paths
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they want to follow would be especially damaging to the environment at this point.
For the global South to use a similar, dirty path to development as the North did,
would greatly escalate today’s existing environmental problems and strains to a
point that the Earth may not be able to support, especially with the industrialization
of such large populations in China and India. Although it is not completely just that
the South must pay a higher price to catch up, this justice issue can be addressed
through international climate finance schemes that can help in assisting developing
nations afford and be able to industrialize more cleanly. Through donor-recipient
relationships, developed countries and international organizations can work with
developing countries to determine possible green development strategies.
International environmental sustainability has come to be pursued in
different ways throughout the world, following one of two transformation patterns.
Policy changes can be either incremental and occur over a long period of time, or
may be rapid, changing quickly (Niosi, 2010). As no two countries are the same, it is
impossible to assign a ‘one-size-fits-all’ development formula, which is why it is
especially important that each country finds its own, unique combination of policies
and sectors that will be most effective in achieving green development goals (Niosi,
2010). For this reason, international organizations cannot play too large a role in
financing or mandating environmental change and must therefore work to
incorporate national differences into any policies that they suggest. Although policy
specifics must coalesce with the countries they are enacted in, the literature shows
that STI is a good focus.
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It is therefore important to understand why countries choose the policies
that they do in pursuing or not pursuing green development. Policies that work well
in one country may seem like they would work in another; however, for various
reasons, they may not be attempted, and it is important to understand what factors
and underlying drivers may result in governments foregoing the implementation of
certain types of policies.
The literature review portion of this thesis will summarize the components
of STI policies and green development plans. By reviewing existing policies within
countries, I will demonstrate if there is a plausible connection between the level of
investment in STI policies and the potential drivers behind the creation of national
green development strategies.
SUMMARY OF RESEARCH
An analysis done by Watu Wamae (2008) shows that, “STI is important in the
development process in Africa.” In the African case, the research finds that some of
the focuses of existing STI policies are agriculture and health, suggesting that the
opportunity for STI research to be correlated with environmental topics may be a
significant option (Wamae, 2008). Wamae supports this by describing that there has
been a move in the direction of “more sustainable research and policy activities”
(2008).
Other studies, such as one by the African Forum on STI, support the findings
of the Wamae analysis that STI is critical in helping developing countries to
“implement sustainable solutions to such pressing development challenges as food
security, clean energy, clean water…, and economic development” (2012).
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Furthermore, what these findings show is that STI policies play an integral role in
fostering the growth of connections “between knowledge, values, socio-economic
environments, society, and institutions” (African Forum, 2012).
Additionally, the work of Calestous Juma finds that there is a “unique
opportunity for Africa to lead in adopting low-carbon growth strategies” (2009).
Like many of the other studies on STI and its application in Africa, Juma’s work
focuses primarily on agriculture. However, Juma also discuss the potential of using
existing technologies as solutions to providing clean energy in Africa and suggests
that the adoption of new technologies through STIP can help countries leapfrog to a
clean economy (Juma, 2009).
The literature also shows that the STI policy environment determines the
quality and applicability of the research produced (Wamae, 2008). The National
Systems of Innovation (NSI) approach emphasizes the importance of developing a
holistic understanding of the relationship between the actors and activities involved
(Wamae, 2008). Therefore, it is essential to consider the many factors that influence
a country’s investment in different policies and its pursuit of a national green
development plan as a means to sustainable development. These factors include
historical, geographical, political, social, and economic aspects.
For example, understanding the historical context of a country’s
development helps in interpreting why or why not certain policies are or have been
pursued. In Africa especially, many countries were previously colonized by
European powers and today different degrees of the evidence of that colonization
still exist (Michigan, 2013). Looking at the historical context also includes analyzing
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the successes or failures of preceding policy measures and how they influenced a
country’s development.
In looking at geographical factors, it is important to consider the resource
endowments of a country and how they relate to any resource specific policies or
problems. This will also affect the demand and pressure on those resources for
everyday use since abundant resources may be the ones most exploited and in
collapse. It is also necessary to look for indications that a country may have
experienced the symptoms of a Resource Curse or Dutch Disease situation.
Political drivers are also important to consider. Studies find that STI research
in Africa has been limited by frequent institutional turnover and governmental
change (Wamae, 2008); this indicates that political stability is especially important.
Other growth strategy analysis papers site that a “predictable political environment,
rule of law, low corruption, strong institutions, and a conducive business
environment are prerequisites for growth” (IMF, 2012). For example, governmental
type and structure affects the ease of getting things done in a country, like passing
legislation and making policies. For people exposed to environmental problems,
governments that are better representative and accountable to their people are
more likely to be responsive to the needs of the people and to the necessity of
making structural changes that will increase sustainability. Additionally, policy
sequencing plays a role in the adoption of policies because preceding policies may
affect the likelihood that later, future policies, will be passed or successful. In terms
of development strategies, how a country proceeds forward depends on whether it
has an existing plan or whether it will be creating a new plan. This affects how new
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policies will be incorporated into a plan and how environmental goals are ranked
compared to other development goals.
Apart from political factors, social ones also play a role in a country’s
decision of the importance to pursue a green development plan. The social capacity
must exist for people to accept the structural, institutional, and behavioral changes
that will come with the implementation of such a policy. Additionally, social stability,
culture, and the openness that people have to new knowledge, will have an affect on
this as well.
Lastly, economic factors play a large role in determining if the creation of a
green development plan is a viable course of action to pursue. If the benefits of
implementing and following a green development plan outweigh the costs, then a
country will almost certainly head in the direction of sustainable development.
However, this is where the appropriability of returns becomes especially important
since it reflects the ability of the people and governments to realize the value of
improved environmental outcomes and resource use. Markets and economic
conditions within a country are also important since openness to trade, a free
market, and macroeconomic stability will attract more investment and therefore
more opportunities for innovation and growth. Also important to consider in terms
of the economic factors influencing national green development plans are the
opportunity costs since an investment in sustainable development is a tradeoff from
an investment in something else.
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METHODS
In order to answer the question I am posing, my comparative analysis will
focus on the drivers of and investment in STI policies as they relate to countries’
green development plans.
To draw conclusions from my research, I will do a comparative, multi-level
analysis of developing country case studies. So that I can compare the different
driving factors behind a country’s decision to pursue or not pursue creating a
national green development plan in relation to its investment in STI policies, I will
choose countries that are fairly similar. Holding at least a few factors constant will
provide a benchmark by which to compare the differences in investment and
development policy. Additionally, having this baseline will help in my analysis of the
role that historical, geographical, political, social, an economic factors play. For
example, although I will be analyzing geographic factors, I will limit their effect by
constraining my case studies to one region, Sub-Saharan Africa.
Another way that I will attempt to limit noise in my findings and overcome
potential problems of reverse causality is by leveraging longitudinal data. Although I
am hypothesizing that STI investments are what leads to the implementation of
national green development plans, this argument is particularly vulnerable to
reverse causality because the relationship could easily be the other way around. For
instance, without specifically testing for the order of the relationship, my findings
could potentially be the reverse, showing that STI investment is actually the result
of a good national green development plan.
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Therefore, since the causal criteria specify that the cause must come first and
that the cause must be observed to co-vary with the effect, using longitudinal data
will allow me to apply a temporal perspective to the data that should resolve any
questions of reverse causality (Fitch, 2012). Looking at trends in the data, such as
the sequencing of STI investments compared to national green development plans
and comparing the trends in order of occurrence, will make this research design
more robust and less vulnerable to reverse causality and other problems.
Keeping this in mind, in my selection of case studies, I will firstly look at
countries with varying levels of investment in STI policies, classifying each country’s
investment as low, medium, or high. This ordinal classification will be developed by
comparatively assessing the percentage of GDP that each country spends on
research and development. By creating an ordinal scale for investment, I will be able
to roughly quantify investment as low, medium, or high, therefore decreasing the
subjectivity and arbitrariness of assigning these levels. For clarification, as is listed
in the proceeding ‘Assumptions’ section of this paper, there is no ‘zero’ level of STI
investment being analyzed. Although it is good to consider this level, it is omitted
because it would be unrealistic to include and likely would not have any impact on
my actual analysis. Since countries typically have a least a minimal level of
investment as a result of financing for research and development, there would be no
representative case for the ‘none’ level. I will use the World Bank’s World
Development Indicators database to collect the country data for R&D investment as
a percentage of GDP.
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After choosing countries to use as case studies based on their STI investment
level, I will secondly determine if the country has a national green development plan
and consider the strength of that plan, again determining its strength on a low,
medium, and high basis.
Unfortunately, for this classification there is not a clear way to assign the
strength of the resulting green development plan. Other studies have shown that
“indicators of sustainable development are not available…and institutions have been
grappling with the development of sustainability indicators for a long
time…currently there are no monitorable sustainable development indicators” (EPA,
2012). This illustrates that there is no perfect or existing way to measure the
strength of the development plans I will be analyzing.
Interpreting the relative successes of each plan, the country’s recent growth,
and the state of each country’s environment and people represents one possible
approach to quantifying the strengths of country’s plans. Data on how much money
a country allocates to its green development plan would be ideal in determining the
strength of the plan; however, background research indicates that as a whole,
national green development plans do not necessarily have a monetary amount
associated with them for direct budgetary allocation. Instead, these plans are often
facilitated through multiple governmental agencies, suggesting that a good way to
quantify plan strength would be by counting the associated programs and agencies
within each country. Therefore, in order to code the strength of each plan, I will use
a relative scale to compare the policies, frameworks, strategies, and plans between
the countries.
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Next, I will assess which driving factors, historical, geographical, political,
social, and economic may have played a role and to what degree in the investment of
those STI policies and how they may explain the presence, absence, and strength of
any green development plans. Table 1 gives a visual representation of how these
case studies will be quantifiable.
Table 1
Level

Country

Strength/Existence of a National
Green Development Plan

Investment in STI Policies

Low

LowMedium

HighMedium

High

STI/SD
Policy Year

Drivers
Historical
Geographic
Political
Social
Economic
Historical
Geographic
Political
Social
Economic
Historical
Geographic
Political
Social
Economic
Historical
Geographic
Political
Social
Economic

In addition, my methods will include making several assumptions which my
argument will be based upon.
Assumptions
For the purpose of this paper I will assume the following:
1. That countries seek to develop, through both the growth of their
economies and investment in human capital and potential for innovation
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2. That green development can and will improve the lives of people through
the enhanced stability of natural resource stocks and the environment
3. That people will realize the value of improved environmental outcomes
and resource use
4. That a healthy environment transcends economic value to the point that
it becomes intrinsically valuable to the people who depend upon it
5. That countries have at least a minimal level of investment in STI policies
as a result of research and development financing and that no country has
absolutely zero STI investment in STI
Definitions
STI policies, sustainable development, and growth are key themes
throughout this paper and as such, it is essential to distinguish and define clear
meanings of each that is being investigated.
Development: I will use development in a more holistic sense than the traditional
definition of development as purely economic growth; I define development to be an
improvement in the lives (well-being, health, environment, community, economic,
etc.) of people within a country and therefore the country as a whole. In terms of
measuring this sort of development, measures such as the Human Development
Index would be more appropriate than the standard measure of GDP.
‘Sustainable’ or ‘Green’ Development: In this paper I will use the terms ‘sustainable
development’ and ‘green development’ interchangeably to mean the same thing. I
will use the popular definition offered by the Brundtland Commission to describe
sustainable development as “development that meets the needs of the present
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without compromising the ability of future generations to meet their own needs”
(Common, 1987). Furthermore, I will use these terms to describe the ways through
which countries seek to the lives of their citizens as they pertain to a healthy and
productive environment; that is to say development goals that relate to the
environment. Additionally, it is important to note in this definition the three pillars
of sustainable development: social, economic, and environmental.
National Green Development Plan: This is the dependent variable that I am
analyzing in this paper. In context to this research, I am defining a national green
development plan to be the policy mechanism through which sustainable
development principles and frameworks are consolidated.
Growth: In this paper, I define growth as: measurable increases of a given unit or
index.
Technology: For the purpose of this paper, I will discuss technology, specifically
green technology in terms of increases in efficiency that result in less consumptive
uses of natural resources. My focus will be on innovative developments that can
help drive sustainable measures and target environmental issues.
STI policies: I interpret STI policies as those that create frameworks for science,
technology, and innovation to be studied and implemented into socio-economic
development policy.
Research and Development: I use R&D to represent the processes of idea
generation and technology creation that go into developing STI policies. Specifically,
I assume the role of R&D to be the creation of new knowledge about scientific and
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technological topics for the purpose of discovering preferred and more efficient
ways of moving forward in a given domain, sustainable development in this case.
DATA
The complete, raw data set of Sub-Saharan countries and their corresponding
investment for R&D as a percentage of GDP can be found in Appendix A. This data
indicates that of the 48 countries classified as being in ‘Sub-Saharan Africa,’ only 15,
about a third of the countries, had available information on what percent of GDP is
put towards R&D. This could mean one of two things: 1) that the data simply isn’t
available, or 2) that those countries do not spend money on R&D. Since the
distinction between these two possibilities is uncertain, for the purpose of clarity,
these cases will be ignored in my analysis based on the assumption that if they
actually did have zero expenditures in R&D as a percentage of GDP, then it would be
listed as zero instead of nothing at all.
For the countries that did have reported R&D expenditures, the average was
0.34% of GDP, which is actually the same percentage spent by Zambia. As seen in
Table 2, this number is bolded and is also the median for the 15 point data set of
reporting countries. Table 2 also shows where the low, medium, and high
investment levels for R&D were placed. As is evident in the table, most of the
countries were clustered around the average and median of 0.34, ranging from 0.2
to 0.41. The investment level cutoffs were determined by this cluster and by the
location of the main gaps in the data. For example, there was a large gap between
Madagascar at 0.13 and Burkina Faso at 0.2, as well as between Sudan at 0.41 and
Botswana at 0.52. Although there was also a sizeable gap between the three
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countries at 0.2 and Mauritius at 0.32, my preference was to keep the data and
investment level categories symmetrical around the average at Zambia of 0.34.

0.2-0.49
0.50+

0-0.19

MEDIUM
HIGH

LOW

Table 2
Country
The Gambia
Lesotho
Madagascar
Burkina Faso
Ethiopia
Mozambique
Mauritius
Zambia
Seychelles
Uganda
Senegal
Sudan
Botswana
Gabon
South Africa

R&D Expenditure (% of GDP)
0.023
0.03
0.13
0.2
0.2
0.2
0.32
0.34
0.38
0.38
0.39
0.41
0.52
0.6
0.93

(Trading Economics, 2012) (World Bank, 2013)
In order to select countries for each of the investment levels, I collected
information on which countries had systems for STI policies in place. Since finding
the percent of GDP spent on R&D was simply a way to operationalize and determine
levels for STI investment, this was a particularly important step in analyzing the
data. My findings were that the Gambia, Lesotho, Madagascar, Burkina Faso,
Ethiopia, Mozambique, Mauritius, Zambia, Seychelles, Uganda, Senegal, Sudan,
Botswana, Gabon, and South Africa all had dedicated STI systems in place, meaning
that I would be better able to gather information from these countries in my
analysis.
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Because Lesotho was the only low investment level country that had STI
systems, I chose it as my first case study. For the medium level, I decided to choose
two case studies since that level was the largest in terms of the number of countries
falling into its cluster and range. The two countries I chose were Ethiopia and
Zambia; both were chosen since they also had STI systems. Another reason for
choosing Zambia is because as the average case for R&D investment at 0.34, it is
more representative. Additionally, Botswana was chosen for the high category due
to its existing STI systems. Table 3 throws a summary of the data for the four
countries selected. The bolded words in the ‘Drivers’ column show those factors that
best described why each country did or did not have a consolidated national green
development plan.

Investment in STI Policies

Table 3
Strength/Existence of a National
Green Development Plan

STI/SD
Policy Year

Lesotho

No plan, country’s national
development plan has promising,
medium strength SD initiatives

2006/2012

Ethiopia

Strong, high strength, dedicated
plans: “National Conservation
Strategy” and the “Climate-Resilient
Green Economy Strategy”

1993/1992

HighMedium

Zambia

No plan, country’s national
development plan has
unconsolidated low strength SD
initiatives

1996/2006

High

Botswana

Medium-high strength plan:
“Poverty-Environment Initiative”

1998/1997

Level

Country

Low

LowMedium

Drivers
Historical
Geographic
Political
Social
Economic
Historical
Geographic
Political
Social
Economic
Historical
Geographic
Political
Social
Economic
Historical
Geographic
Political
Social
Economic
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ANALYSIS
This section discusses the possible driving factors behind the connection
between the level of STI investment and the presence and strength of a national
green development plan for the four countries chosen. For the full comparative
country profile data on historical, geographic, social, political, and economic factors
for Lesotho, Ethiopia, Zambia, and Botswana, see Appendix B.
Case Study 1: Lesotho
Based on its R&D expenditures of 0.03% of GDP, Lesotho was chosen to
represent the low level of STI investment. It has no specifically designated or
consolidated green development strategy, but its national development plan has
promising, medium strength sustainable development initiatives.
Background
Lesotho is a small country located in the South of Africa that is completely
surrounded by the country of South Africa. While its climate is classified as
temperature, it is subject to periodic droughts even though water is one of its most
abundant resources. However, models show that due to climate change, in the
future Lesotho will experience “higher temperatures and more erratic rainfall
patterns” (IMF, 2012). As a country that relies heavily on rain-fed agriculture,
Lesotho’s social and economic development is particularly threatened by climate
change.
Lesotho’s STI work is largely facilitated through its Ministry of
Communications, Science and Technology; however, the Inter-Ministerial
Committee on Science and Technology, as well as the Lesotho Advisory Commission
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for Science and Technology, and the Lesotho Innovation Trust Fund are also
significant entities in the mission of furthering the development of STI policies in
Lesotho (Masin, 2010). The main document through which Lesotho’s STI policies
are expressed is The National Policy on Science and Technology 2006-2011 of Lesotho.
The focus of this policy is to increase Lesotho’s institutional research and
development capacity (Masin, 2010).
Although Lesotho does not have a dedicated national green development
plan, its National Strategic Development Plan is focused on goals that will provide
opportunities to place the country on a path to sustainable development. Among its
strategic goals are:
1. Pursue high, shared, and employment-creating growth
2. Develop key infrastructure
3. Enhance the skills base, technology adoption, and foundation for
innovation
4. Improve health, combat HIV and AIDS, and reduce vulnerability
5. Reverse environmental degradation and adapt to climate change
6. Promote peace, democratic governance, and build effective institutions
(IMF, 2012)
As indicated by Goal 3, Lesotho is clearly dedicated to increasing their
investment in the factors of STI; however, that this is a goal also reinforces that their
current level of investment in innovation and technologies is low.
Similarly, Goal 5 demonstrates Lesotho’s commitment to pursue their
development in an environmentally friendly way. This section of their National
Strategic Development Plan discusses the need to “consolidate the national climate
change strategy and agenda,” highlighting the absence and need of a comprehensive
national green development plan (IMF, 2012).
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Lesotho’s progress in terms of the environmental sustainability of its
development can also be assessed by their advancement in achieving Goal 7 of the
MDGs. According to a 2009 Millennium Development Goals Report for Lesotho, Goal
7: Ensure Environmental Sustainability was rated as ‘probably’ for the prospect that
it would be achieved by 2015; ‘probably’ was the middle of three prospect ratings
with the highest being ‘potentially’ and the lowest being ‘unlikely’ (UNDP, 2009). A
more recent MDG progress report for Lesotho, published in 2011 by the UNDP,
indicates that there is “slow progress” on this goal (UNDP, 2011). The report further
explains that the reason for this slow progress is because of a variety of specific
environmental challenges faced by Lesotho.
With 86% of the labor force involved in subsistence agriculture, one of
Lesotho’s main environmental problems has been soil erosion and degradation (CIA,
2008). This has also been due to overgrazing as well as to people settling in
marginal areas, putting pressure on the natural landscape, which has led to a soil
loss ratio on arable lands of 30-40t/ha/year as compared to the global average of
1t/ha/year (UNDP, 2011).
However, despite these issues, Lesotho is particularly well suited for
pursuing various directions of green development in accordance with their
investment in STI policies.
Historical
Lesotho was originally a colony of Great Britain, gaining its independence in
1966 (CIA, 2008). Having developed in parallel fashion to South Africa, which it is
highly economically tied to, has both helped and hindered Lesotho’s development
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over the years. It is possible that being too historically dependent and reliant on
South Africa’s progress has slowed Lesotho’s own path forward and may have
hampered its creation of a sustainable development plan.
Geographic
As a country, Lesotho is particularly well situated to harness various forms of
green energy such as wind, solar, and hydro (UNDP, 2011). Know for its abundance
of water in the highland region, Lesotho has very well developed hydro power
initiatives. However, much of the water from the highlands is exported to South
Africa, providing revenues that have been essential to the country’s economic
development (World Bank, 2011). The lowland regions of Lesotho suffer from
periodic droughts and additionally, the garment industry, which represents
Lesotho’s largest export commodity, is largely dependent on water (World Bank,
2011). This has led to an especially great need to enact policies that will regulate
water use and distribution in Lesotho, resulting in the creation of the Highlands
Water Project and the Metolong Authority. Unfortunately, the dams built under the
Lesotho Highlands Water Project have displaced many subsistence farmers living in
those areas.
Because Lesotho is so well situated in terms of access to renewable energy,
especially in the form of hydropower, it is surprising that they have not created a
national green development plan to specifically strategize and plan for the
enhancement of these sources as the country continues to grow and demand a
higher supply of energy. Currently, Lesotho is able to produce roughly 90% of its
electrical power needs (CIA, 2008); as the country continues to grow it will need to
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expand this supply. However, many rural household still rely on biomass fuel which
has increased local environmental problems, so providing renewable sources of
electricity to this portion of the population needs to be addressed and would be able
to if the country were to create a strategic national green development plan (Masin,
2010).
Adopting a low carbon development route would help Lesotho in a variety of
ways. For example, using renewable sources would mean lower energy costs and
the saved money could be put towards making the country more competitive in
other areas (IMF, 2012). Also, it could give Lesotho the opportunity to begin
exporting electricity elsewhere in the region; this is a potential of about 6,000 MW
of wind power and 4,000 MW of pumped storage, plus 80 MW of hydropower (IMF,
2012). Solar and wind energy schemes in Lesotho are still in the early stages, which
makes it even more critical that if Lesotho wants to benefit from this fairly untapped
export industry, they will need to have a strategic plan for doing so. Developing the
solar and wind energy sector would also be a good replacement for the biomass fuel
being currently being used by rural households that are not as connected to the
electricity grid (IMF, 2012). Lastly, by further developing its renewable energy
sector, Lesotho may have the potential to gain access to international climate
finance or to carbon credit programs.
Because there is so much untapped potential due to geographic and resource
factors for Lesotho to really create a sustainable development plan that would
benefit its environment, people, and economic growth, it is unlikely that this driver
is a reason that they do not currently have such a plan.
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Political
In the case of Lesotho, political reasons are perhaps one of the most
compelling as a potential driving factor to why there has been no substantial
movement in the creation of a national green development plan. While the
government of Lesotho acknowledges that this represents a major hole in their
development planning which needs to be accounted for, the problem is that existing
policies are fragmented; therefore, the delivery on these policies and plans has been
weak as well.
Specific issues endemic to Lesotho in this case are that efforts have been
duplicated due to institutional fragmentation and overlap, that there has been weak
implementation and enforcement of the actual policies and legislation, and that
governmental and private efforts have not been coordinated well (IMF, 2012).
However, the Environment Act of 2008 did move Lesotho in the direction of
incorporating environmental issues into national planning (UNDP, 2011). This act
requires that an Environmental Impact Assessment be submitted before any major
work is started. Additionally, while the focus of the current National Strategic
Development Plan is poverty reduction, the primary objective of the 1996/971998/99 Plan was to enhance sustainable development. Today, decision-makers in
the government are required to go through trainings about the importance of
considering environmental impacts (UNDP, 2011).
Social
Although Lesotho has a very high literacy rate of almost 85% and an
abundance of labor, the unemployment rate is a high 45% (CIA, 2008). There is a
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predominance of low-skilled jobs in the industrial sector which may suggest that
some of the more educated part of the population is underemployed. Additionally,
brain-drain into South Africa and other larger economies has been cited as a
possible source of why there is limited high-end technical skill and knowledge in
Lesotho.
With so many people in Lesotho relying on their natural surroundings for
subsistence agriculture and their livelihoods, it is especially important for the
country to focus on sustainable development that will maintain and enhance the
natural capital of Lesotho (IMF, 2012). Because of this, it is unlikely that social
factors are a central reason why Lesotho has yet to create a dedicated national green
development plan, especially since the population is so well educated.
Economic
Lesotho has a small, open economy, which is especially influenced by
external factors, both on a global and local scale. Since as a country it is entirely
surrounded by South Africa, the economy of Lesotho is closely tied with that of its
neighbor. As was previously mentioned, Lesotho exports a large share of its
abundant highland water to South Africa, for which it receives equally large and
essential revenues. Another source of revenue tied to South Africa that Lesotho
relies upon, is customs duties from the Southern Africa Customs Union; these
account for the majority of government revenue (CIA, 2008). In addition to this,
remittances from miners working in South Africa also contribute to Lesotho’s
economy.
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Although Lesotho is very closely tied, both geographically and economically
with South Africa, it is interesting that it does not have better STI policies since
South Africa had the highest R&D expenditures as a percentage of GDP at 0.93 while
Lesotho’s was almost the first lowest at 0.03%. Therefore, economic driving factors
do not very well explain the absence of a national green development plan in
Lesotho, especially since the country has so much to gain economically in terms of
improving their technological development of widely available renewable energy
sources as a sustainable path forward.
However, Lesotho’s proximity to South Africa, one of the largest economies in
Africa may hinder its growth to a degree. Because so much of the country’s revenues
come from custom’s revenues and remittances, investment in other areas has not
been as high since much of the economy is focused on interactions and services
provided between Lesotho and South Africa. It has been argued that Lesotho is not
exploiting its ties with South Africa as much as it should (Masin, 2010). These
reports suggest that since South Africa is the largest economy on the continent and
also the most advance in STI, Lesotho should work with South Africa to enhance its
own NIS systems (Masin, 2010).
Summary
Based on this analysis of possible driving factors behind Lesotho’s
fragmented sustainable development policies and lack of a national green
development plan, it appears that historical and definitely political driving factors
are the most likely reasons that the country has yet to implement a consolidated
plan for sustainable growth.
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Case Study 2: Ethiopia
Based on its R&D expenditures of 0.20% of GDP, Ethiopia was chosen to
represent the low-medium level of STI investment. In terms of the strength of its
national green development plan, Ethiopia has a National Conservation Strategy
(NCS) that led to the creation of a very strong, dedicated Climate-Resilient Green
Economy Strategy (CRGE) that is the main strategic focus for the country’s pathway
to achieving sustainable development.
Although Ethiopia’s NCS strategy was adopted a year before its National
Science and Technology Policy of 1993, I do not think that this poses a problem in
my research in terms of reverse causality. The NCS strategy was a response to the
1992 Rio Conference but wasn’t really a strong or effective policy in itself—in
particular, its focus was conservation, not specifically green development. The more
notable of Ethiopia’s green development policies, namely the CRGE strategy, wasn’t
implemented until 2012, well after the National Science and Technology Policy and
other, more medium strength initiatives that happened in the meantime, such as the
SDRP, were in 2002, still after the National Science and Technology Policy.
Background
Since the 1990s, the Ethiopian government has been focused on including
poverty reduction and human development measures into the country’s
development policies (MoFED, 2010). With the creation of the UN’s Millennium
Development Goals, the country further saw an opportunity to enhance its own
development planning by basing their revised development policies off of the MDGs
(MoFED, 2010). Because the MDGs are so “well placed in the national development
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context of the country,” Ethiopia has made progress in the direction of the MDGs as
a result of this political commitment (MoFED, 2010). A 2010 MDGs report for
Ethiopia shows that the country is likely to be on track to achieve Goal 7: Ensure
Environmental Sustainability if it continues to address the challenges it notes in its
development analysis (MoFED).
Of developing countries globally, Ethiopia is one of two, the other being
Cambodia, that has really sought to include green growth measures into its major
economic and national development strategies. Following the 1992 Rio Conference,
Ethiopia created a National Conservation Strategy (NCS) and later a national
environmental policy in 1997 (EPA, 2012). These policies are what originally
catalyzed Ethiopia’s move towards implementing sustainable development
principles, later leading to the creation of the country’s National Development Policy
Framework, institutional framework for sustainable development, Sustainable
Development and Poverty Reduction Program (SDRP) in 2002, and lastly the
landmark Climate-Resilient Green Economy (CRGE) strategy in 2012 (UNDP, 2013)
(EPA, 2011).
Together, these policy frameworks and strategies serve as a very strong
example of a country that has innovatively integrated sustainable measures into
many levels of its development goals.
Ethiopia’s CRGE strategy for developing its green economy is based on the
following four pillars:
1. Improving crop and livestock production practices to increase food yields,
hence food security and farmer income, while reducing emissions
2. Protecting and re-establishing forests for their economic and ecosystem
services, including as carbon stocks
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3. Expanding electric power generation from renewable sources of energy
fivefold over the next five years for markets at home and in neighboring
countries
4. Leapfrogging to modern and energy-efficient technologies in transport,
industry, and buildings
(EPA, 2011)
These pillars, especially numbers three and four, demonstrate an emphasis
on STI-related policies that the country will be pursuing as part of its CRGE strategy.
However, considering its currently fairly low investment in R&D, Ethiopia seems to
have a long way to way to go if it wants to expand its technological capacity for
renewable energy and incorporating energy efficiency into existing and new
infrastructure.
Because Ethiopia is classified in my research as the low-medium level of STI
investment, the corresponding strong level of its national green development is
unexpected based on my hypothesis of increasing investment, increasing strength.
Therefore, analyzing which of the potential driving factors are possibly responsible
for this is especially important for case study of Ethiopia to be better understood.
Historical
Unlike the rest of the African continent, Ethiopia is the only country that has
remained independent over the years and was never under the control of a colonial
power (CIA, 2008). Until 1974 it had a longstanding tradition of monarchy, which
ended however when Emperor Haile Selassie was overthrown in a Marxist military
coup (Freedom House, 2012). This next, military regime was again ended by
another coup 1991, with the country being taken over by a rebel group called the
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Ethiopian People’s Revolutionary Democratic Front (EPRDF) (Freedom House,
2012).
Without the basis of colonial rule that was present in the rest of Africa, it is
possible that some of Ethiopia’s history of political unrest and coups may be a result
of the country not having any colonial institutions from which to base its own.
Geographic
Ethiopia is very geographically different from the other three case studies
being observed in this research; many of these differences being attributed to its
location in Eastern, as compared to Southern Africa. For example, although drought
is common throughout Africa, Lesotho, Zambia, and Botswana only experience it
periodically, while in Ethiopia droughts are considered frequent (CIA, 2008).
Additionally, it is geographically unique in that it has 430,000 barrels of oil proved
reserves as compared to the other three countries, which report zero (CIA, 2008).
A further difference is that of the four countries being investigated as case
studies in this research, Ethiopia is significantly the largest with a total area of
1,119,683 sq km (CIA, 2008). Among other geographic variants includes climate,
which is considered tropical monsoon.
Ethiopia is also distinctive in that it is the location of the Great Rift Valley, a
geologically active divergent plate boundary that is highly susceptible to
earthquakes and volcanic eruptions (CIA, 2008). This geological endowment of
Ethiopia has contributed to its potential to generate renewable energy through
geothermal power. Other forms of renewable energy abundant in Ethiopia include
hydro-electric, wind, and solar—positioning Ethiopia to potentially become an
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energy exporter in the Eastern Africa region. These sorts of renewable energy
sources are essential to Ethiopia’s Climate-Resilient Green Economy strategy and to
furthering its goals of economic and sustainable development. Furthermore, they
represent a sector that should be a focus of STI policies, propositioning the question
of why Ethiopia has such low investment in STI considering its relatively untapped
potential to capture a share of the regional energy market. Although the country has
such a high capacity to increase its production of renewable energy, its
hydroelectric power generation is only 41% (MoFED, 2010). However, Ethiopia has
goals to increase its hydroelectric output fivefold in the next five years in order to
“decouple its economy from the fluctuating prices and unsustainable nature of the
oil-based world,” according to its CRGE strategy (EPA, 2011).
Another issue, drought, poses a serious environmental problem in Ethiopia.
In 2011, one of the worst droughts in the history of the region hit Ethiopia at the
same time that over 270,000 refugees were fleeing into the country from famine in
Somalia (Freedom House, 2012). This left roughly 5 million Ethiopians in need of
food assistance in addition to the Somali refugees (Freedom House, 2012).
Other problems include deforestation, caused primarily by overgrazing and
agricultural expansion, which has resulted in soil erosion, flooding, and increased
desertification (CIA, 2008) (MoFED, 2010). As a biodiversity hotspot with many
endemic species, deforestation poses a major threat to Ethiopia especially since
coffee is one of those endemic species. The clearing of Ethiopian rainforests, which
are home to many species of wild coffee, jeopardizes the unique and potentially
commercially valuable coffee diversity that grows there (McKee, 2007).
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The country has also had problems with water shortages in areas where
farming is more water-intensive.
The variance of these geographically-related factors as well as well as
environmental problems in Ethiopia suggest that they could be a critical driving
force behind Ethiopia’s creation of a national green development strategy. Because
the country is so large and varies in climate, terrain, and resources, the need for a
comprehensive green development plan is likely more necessary.
Additionally, the dependence on agriculture, involving 80% of the labor force
and comprising 47% of GDP, means that the country and people are particularly
affected by shocks to the agricultural sector (CIA, 2008).
Political
Countries bordering Ethiopia, such as Somalia and Sudan, as well as Ethiopia
itself, are rife with political and social problems. In addition, Ethiopia has had
boundary conflicts with Eritrea that have further raised tensions in the area and
have led to accusations of terrorism, triggered guerilla conflict in 1883, and a
territorial war between the two countries from 1998-2000 (Freedom House, 2012).
Although Eritrea was awarded the disputed territory, the two countries have been
in contestation ever since then.
Political instability is often related to lack of foreign direct investment (FDI)
in a country because investors do not feel guaranteed that their investment will be
safe or protected if there are changing or volatile political regimes. As was
previously introduced, studies have found that STI research in Africa has been
negatively affected by frequent institutional turnover and governmental change
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(Wamae, 2008). Therefore, it is likely that this may be one reason that Ethiopia has
relatively low levels of investment in STI policies. However, it is also possible that
the very reason Ethiopia has such a strong green development strategy despite low
levels of STI investment, is because of the centralized and authoritarian nature of its
government.
Although Ethiopia is considered a federal republic, recent turmoil in the
country has led to it being downgraded from Freedom House’s 2001 classification as
being ‘partly free’ to ‘not free’ in 2012 (Freedom House). This has been due to “the
government’s increased use of antiterrorism legislation to target political opponents
and opposition movements” as well as to the large degree of corruption amongst
government officials (Freedom House, 2012).
Since the country’s second coup in 1991 that placed the Ethiopian People’s
Revolutionary Democratic Front in charge, there has been an EPRDF presence at all
levels of society and government. The leader of the party, Meles Zenawi, has
continuously ruled the country since then, transitioning between head of state and
prime minister in controlled elections (Freedom House, 2012). The EPRDF has
cemented its control in the country by monitoring and controlling oppositional
politicians.
However, because Ethiopia’s government exhibits authoritarian
characteristics, this may actually be helpful it in terms of making progress in the
creation of environmental laws. Although a more representative type of government
would be more responsive to the needs of people suffering from environmental ills,
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there is still something to be said for the command and control style of mitigation
that authoritarian governments can exert.
For example, Ethiopia was recently able to make significant progress in
consolidating data from the multiple governmental entities in charge of
environmental and natural resource protection and decision-making in order to
facilitate the finding of relevant information. This has led to the creation of the
Ethiopian Natural Resources and Environmental Metadata base, called ENRAMED,
which is an Amharic expression meaning “Let us walk together” (Getaneh, 2005).
This expression is particularly fitting in light of the goal of the metadata base—to
form a partnership for cooperation and dissemination between the various
institutions involved. ENRAMED synthesized data from the seven major
environmentally-related federal institutions in Ethiopia including:
-

The Ministry of Water Resources (for water)
The Ministry of Agriculture (for land, forest, vegetation, crops and
livestock)
The Geological Survey of Ethiopia (for minerals and stones)
The National Meteorological Services Agency (for climate)
The Environmental Protection Authority (for environmental data)
The Ethiopian Mapping Authority (for geo-spatial data such as maps,
satellite images, etc.)
The Ethiopian Science and Technology Commission (a multi-sector
institution covering all natural resources from a specific technology
development point of view)

(Getaneh, 2005)
Because no one institution covers or controls all information within the
country on natural resources and the environment, this metadata base has solved
information retrieval problems that would otherwise restrict decision-making and
make progress more difficult (Getaneh, 2005).
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Social
Social reasons are an unlikely reason that Ethiopia has had such success in
the creation and implementation of its Climate-Resilient Green Economy strategy or
for its failure to invest more in science, technology, and innovation policies. Because
refugees and the illicit drug trade contribute to the social situation in Ethiopia, if
anything, social reasons should have resulted in a political environment that would
have been unfocused on addressing sustainable development; as has been
illustrated in other sections of this analysis, this has not been the case for Ethiopia
(CIA, 2008).
However, a social factor that may have influenced the government’s focus on
sustainable development is the degree of poverty in Ethiopia. Of the countries being
studied in this comparative analysis, Ethiopia has the lowest GDP per capita at $700
USD per person (CIA, 2008). Since poverty reduction was one on the initial goals of
Ethiopia’s development planning, this social factor may have played a small role in
the country’s creation of the Climate-Resilient Green Economy strategy, which is a
pathway to improving well-being within the country.
Furthermore, the literacy rate is a low 42.70%, which suggests a low
technical skill base and a possible reason why Ethiopia has such a low degree of STI
development (CIA, 2008).
Ethiopia also has a very diverse population in terms of ethnic and religious
groups. The primary division is between Oromo and Amara people, comprising of
32.1% of the population and 30.1% respectively (CIA, 2008). However, another
ethnic group, the Tigrayan, has been favored in economic and political matters by
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the government (Freedom House, 2012). On a religious dimension, 60.8% of the
country is Christian while another 32.8% is Muslim (CIA, 2008). Although religious
freedom is guaranteed by Ethiopia’s constitution, there have been growing tensions
over the year since these religious divisions exist on a mostly ethnic level. Together,
these ethnic and religious differences have been a source of conflict within Ethiopia
that has led to some of the political unrest in the country.
Economic
Ethiopia has had a fairly troubled economy over the years. In 2001, it
qualified for debt relief from the Highly Indebted Poor Countries initiative and in
2005 Ethiopia’s debt to the IMF was forgiven (CIA, 2008). Because the Ethiopian
economy is very dependent on the agricultural sector, which accounts for 47% of
GDP, it is highly vulnerable to shocks caused by climate change-related drought
(Getaneh, 2005). As was previously mentioned, drought is a frequent and prominent
environmental problem in Ethiopia, severe enough that in drought years, GDP is
observably decreased. A 2002 drought experienced by the country resulted in a
3.3% decline in GDP, for example, which highlights the degree to which the
Ethiopian economy is dependent on the land and agriculture (CIA, 2008). However,
the years since 2003 and 2004 have shown impressive, sustained economic growth,
reporting an average of more than 11%; these trends indicate that the
macroeconomy in Ethiopia is beginning to stabilize (MoFED, 2010).
Because environmentally-related conditions, namely drought, affect the
Ethiopian economy so harshly, economic factors are a very likely reason for
Ethiopia’s creation of such a strong sustainable development plan. A study by
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Ethiopia’s Environmental Protection Authority found that “green growth will have
an impact on around two-thirds of the economy,” which shows how much the
country has to gain from such a focused CRGE plan (EPA, 2011). Not only this, but
the nomenclature used in the plan’s name itself: Climate-Resilient Green Economy
strategy, indicates that the focus is on forming a green development strategy around
climate-related economic issues.
Summary
Based on this analysis, it seems that the most compelling driving factors for
why Ethiopia is atypical of the pattern I hypothesized are geographic, political, and
economic; some social factors may have played a role as well but not to the same
degree that these others have.
Case Study 3: Zambia
Based on its R&D expenditures of 0.34% of GDP, Zambia was chosen to
represent the high-medium level of STI investment. In terms of green development,
Zambia lacks a dedicated national strategy; however, its overall national
development plan does have some promising, albeit low strength sustainable
development initiatives included.
For this case study, it is important to again mention that of countries in subSaharan Africa reporting R&D expenditures as a percentage of GDP, 0.34%, Zambia’s
investment represented both the mean as well as the median amount.
Background
Zambia is a landlocked country located in Southern Africa. Among the
environmental problems it faces are air pollution and acid rain in the mineral
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extraction and refining region, chemical runoff into watersheds, poaching of various
animal species, deforestation, soil erosion, desertification, and lack of adequate
water treatment (CIA, 2008). Although Zambia’s environmental problems are fairly
extensive and seem that they should suggest a robust plan for sustainable
development, their progress towards implementing any sort of related measures
into its strategic policies has been slow and unfruitful.
Zambia does have some sustainable development initiatives in place in its 5th
National Development Plan, implemented in 2006, and has made slight progress
towards putting together a sustainable development framework. The Vision 2030
plan is also one of the country’s more significant development documents outlining
possible strategies. Additionally, the Environmental Management Act of 2011 is one
of the policies in place in Zambia that has attempted to integrate sustainable
development principles into its framework. Also cited as positive achievements in
the direction of sustainable development are: “the integration of some aspects of SD
into national poverty strategic plans, diversification of the economy away from
copper, and promotion of sustainable land management” (Zambia, 2012). However,
so far these efforts have only been made at the planning level and have not been
implemented much or at all, particularly due to a lack of enforcement and absence of
institutions that would specifically carry out those goals (Zambia, 2012).
Zambia’s Science and Technology Policy Act was enacted in 1996, with some
of its focus areas being on agriculture, health, energy, and mining—topics that have
tried to be addressed in the country’s attempts at integrating sustainable
development measures into its other policies.
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According to Zambia’s 2011 MDG progress report, “significant reforms and
investments are still required” before Goal 7 is to be achieved; the report further
states that “with this state of affairs, it is unlikely that Zambia will attain MDG 7 by
2015” (Chiwele, 2011). Clearly the lack of a consolidated green development plan
has not been helping Zambia’s chances of achieving the MDG goal of Ensuring
Environmental Sustainability.
Historical
Zambia was formerly a colony of Great Britain until 1964; during this
colonial era, Britain left local rulers in charge and only indirectly administered the
colony. However, later in the 1920s when copper was discovered, many Britons and
Europeans came to the country to work as technicians (BBC, 2012).
The transition to independence in Zambia was fairly smooth; however the
first president of the country, Kenneth Kaunda attempted to remain in power and
the constitution had to be changed in 1996 to bar him from future elections (BBC,
2012). An attempted coup in 1997 led to the politically-charged hearings and
sentences of the soldiers involved—an issue which wasn’t fully resolved until 2005
(BBC, 2012).
Additionally, due to droughts and refugees coming from the Democratic
Republic of Congo, Zambia during the 2000s has had to request food aid in order to
prevent rioting.
It is probable that the high-medium level of STI investment in Zambia is a
result of the European technical influx after the discovery of copper in the country.
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However, historical factors alone are not likely to have had an impact on the failure
of the country to create a national green development plan.
Geographic
Geographically, Zambia is characterized by high plateaus with some hills and
mountains (CIA, 2008); it is fairly resource rich, which is one of the reasons that it is
an overall net exporter. Its natural resources are primarily earth minerals including
copper, cobalt, zinc, and lead; other resources include coal, emeralds, gold, silver,
uranium, and some oil (CIA, 2008). Mining therefore plays a large role in the
extraction and processing of these resources and has been a major source of
localized air and water pollution, as well as chemical runoff (Zambia, 2012). In the
use of these and other resources in Zambia, it is clear that and environmental and
sustainability component has been lacking in the existing development plan since
industries such as mining have not efficiently maximized or coordinated their
output strategy.
Another environmental problem, deforestation, has further exacerbated
problems associated with the country’s climatic-related droughts. The deforestation
rate has been high, but decreasing in Zambia with the forest loss dropping from
66% in 1990 to 55.9% in 2007 (Chiwele, 2011); however, this number percentage of
forest loss is still high enough to be concerning. Reports on the state of deforestation
in Zambia therefore discuss that protecting forests from further degradation is
essential to forwarding the goals of a resilient green economy (Chiwele, 2011).
Deforestation in Zambia is primarily driven by over-exploitation of forests,
conversion to farmland, fires, and clearing for wood fuel (Chiwele, 2011). A study
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from Zambia’s Environment Outlook Report shows that in rural areas in Zambia,
95% of the population uses wood fuel, while in urban areas, 90% use charcoal
(Chiwele, 2011). The country’s RIO+20 report states that “Zambia must reduce the
deforestation rate to ensure a green economy and sustainable development,”
highlighting the significance of addressing this aspect of environmental degradation
within the country (Zambia, 2012).
In order to reduce people’s dependence as wood and charcoal as fuel sources,
Zambia can use its relatively higher investment in STI to help development
renewable energy sources, of which Zambia has a wide range. By investing more in
hydropower, solar, and wind energy for example, Zambia would be able to provide
these off-the-grid areas with clean energy sources, which would decrease
deforestation and resulting emissions, as well as make air quality in those areas less
polluted.
Based on this analysis of the geographic factors adding to Zambia’s
environmental problems, it does not likely that geographic determinants are
responsible for the country’s lack of a green development strategy. Because
addressing deforestation is so critical in reversing a large variety of environmental
hazards and in forwarding sustainable economic development, yet there has not
been any improvement or significant policies created to mitigate those losses, then
geography cannot be said to explain the absence of such a strategy.
Political
Political reasons play a large role in Zambia’s lack of having a strong,
consolidated national green development strategy. Although there are seven
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prominent government agencies that deal with environmental and developmental
issues, one of the problems is that they are not coordinated well enough. While most
countries have similarly distributed agencies and institutions dealing with a range
of environmental topics, their interactive structure is often more consolidated or at
least facilitated through a national policy or strategy. This is something that Zambia
does not have, which results in the existing seven entities not being able to
effectively cooperate with each other to create any sort of meaningful progress
towards sustainable development.
Not only are these governmental divisions not well connected with each
other to work together and not create conflicting policies, but they are also
inadequately funded and under-staffed—resulting in even less impact on the ground
(Zambia, 2012). For example, one report quantifies that “out of the 544 positions at
technical and professional levels at the Forestry Department, 390 positions are
filled” (Chiwele, 2011). The report goes on to further point out that Zambia’s
Environmental Council, which enforces regulations, isn’t fully representative since it
only has members from four of the country’s ten provinces (Chiwele, 2011). This
limited representation in the body that enforces national environmental policies
suggests that even if Zambia were to create a consolidated green development plan,
that it would not be implemented successfully or well.
The lack of funding and of adequate staff to fill the necessary positions in
these agencies is likely a factor of low political will to actually see progress in these
areas. Although poverty is one of the largest issues faced by Zambia, it is
inexplicably linked to environmental issues and those of sustainable development
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so they should not be ignored in favor of other problems. Furthermore, considering
Zambia’s medium-high level of STI investment, this suggests that there is some sort
of communication failure between STI experts and politicians.
Social
Literacy rates in Zambia are fairly high, at 80.60% considering low education
expenditures as a percentage of GDP, which are only 2%, the lowest of the four
countries being studied in this analysis (CIA, 2008). However, technical skill is not
particularly high and could be a reason that even though there is high STI
investment, the knowledge gained has not been adequately translated or
disseminated into a working sustainable development plan.
Additionally, of the four countries being focused on in this research, Zambia
has the lowest life expectancy, at 38.63 years, which is likely linked to the high levels
of poverty in the country (CIA, 2008). A low average life expectancy affects
productivity and output by resulting in higher employee turnover such that
efficiency is decreased due to having to train new employees more often.
The population is relatively homogenous in terms of ethnicity but for religion,
it is split between Christian, comprising of between 50-75% of the population, and
Muslim and Hindu, comprising of between 24-49% of the population (CIA, 2008). A
split like this could result in religious conflict, however, in Zambia there has not
been much of a history of this between the Christian population and the Muslim and
Hindu part.
Additionally, in 2000, as many as 60,000 refugees from the Democratic
Republic of Congo fled into Zambia in less than a week. Absorbing refugees could
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have had large impacts, such as on the existing culture within Zambia, however the
impact was primarily related to emergency provisioning during that time and did
not seem to have any affect on Zambian culture, STI investment, or perspectives on
sustainable development.
It is possible that social drivers can in a small part explain Zambia’s lack of
sustainable development initiatives; however, I do not think that it is a very strong
case based on this analysis especially since so many people are impoverished and
therefore very open to sustainable development or any other form of development
that might increase their level of well-being.
Economic
Zambia’s economy is largely affected by the productivity of the country’s
mining sector and the global demand and price for the resources it produces, such
as copper. An overall net exporter, 64% of its exports are from mined resources,
primarily copper and cobalt (CIA, 2008). Although only 6% of the labor force in
Zambia is involved in industry, this sector constitutes over a quarter of GDP (CIA,
2008).
Recently, due to the decreased output of the mines in Zambia’s Copperbelt,
environmental degradation and deforestation have increased (Chiwele, 2011). With
national unemployment now at 50%, many ex-miners and other unemployed people
have turned to farming and charcoal production, which has led to the encroachment
upon and settlement in the forests along the Copperbelt (CIA, 2008) (Chiwele, 2011).
That 85% of Zambia’s labor force is involved in agriculture may be a reflection of
this miner-to-farmer transition (CIA, 2008). Further highlighting the effect of
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economic conditions resulting in job losses and unemployment on Zambia’s
attempts at integrating sustainable development is the following quote from the
country’s report to the Rio+20 Conference on Sustainable Development,
“unemployment leads to the unsustainable exploitation of natural resources
important for a climate resilient and low carbon economy” (Zambia, 2012).
While unemployment causes increases in environmental degradation,
similarly does poverty, which is inarguably linked. In rural parts of Zambia, poverty
is particularly high—in these areas “the livelihoods of many rural poor are
intricately linked with exploiting fragile environments and ecosystems” according to
the same Rio+20 report (Zambia, 2012). This illustrates that in Zambia, any
sustainable development measures need to be coupled with efforts to address
poverty and reduce unemployment.
However, other economic factors in Zambia do support a move towards
sustainable development. For example, Zambia has been considered the 6th best
country in Africa in which to do business, which has been helpful in attracting FDI
(Chiwele, 2011). It is possible that the higher levels of FDI in Zambia may be related
to the country’s comparatively greater investment in STI and associated policies.
Although economic driving factors related to the mining industry,
unemployment, and poverty appear to have large impacts on the condition of the
environment in Zambia, they do not satisfactorily explain why the country lacks a
consolidated, focused, and effective sustainable development strategy. Considering
how much these factors drive environmental degradation in Zambia, it is surprising
that the country does not have a clearer plan for addressing them. While many of
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the country’s reports on sustainable development mention and identify this flaw,
there has been very little movement in the direction of creating a national strategy
that would attempt to focus on them. Therefore, economic factors must be
dismissed as a likely contributing factor to why Zambia doesn’t have a better green
development plan.
Summary
Among reasons listed in Zambia’s RIO+20 report for why sustainable
development initiatives have failed to take hold in the country are: “the absence of
an appropriate SD framework, high poverty levels, poor SD coordination,
inappropriate indicators, and poor funding of relevant institutions” (Zambia, 2012).
These correspond with my finding that political reasons, specifically the lack of
political will, characterized by the under-funding of relevant institutions, is the
likely driving factor behind Zambia’s failure to create a strong, green development
plan.
Case Study 4: Botswana
Based on its R&D expenditures of 0.52% of GDP, Botswana was chosen to
represent the high level of STI investment. In terms of its sustainable development
plan, Botswana does indeed have one, which I am classifying as medium strength.
Background
Botswana is a landlocked country located in Southern Africa; with not
particularly hospitable climate and terrain in the first place, it will face significant
challenges with the onset of climate change-related environmental problems.
Projections mainly forecast that rainfall will decrease in the coming years, which
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will greatly affect people, natural resources, and ecosystems within the country
(Botswana, 2010). Because fresh water is already limited in the country, this
suggests that there will be even more extreme water scarcity issues that the country
will need to address through managed and contemplated sustainable development
According to Botswana’s MDG progress report, there is a strong supportive
environment for Goal 7 that has led to its targets being classified as either ‘likely’ to
be achieved or already achieved (Botswana, 2010). This is in large part due to the
coordination of efforts between Botswana’s Vision 2016, the National Action Plan,
and the National Poverty Reduction Strategy. Commonly referred to as “Vision
2016,” this main plan is formally called the “Long Term Vision for Botswana:
Towards Prosperity for All.” Implemented in 1997, Vision 2016 uses five national
principles to align seven goals with the MDGs—MDG Goal 7 for example, is aligned
with Vision 2016’s Goal 2: A prosperous, productive, and innovative nation
(Botswana, 2010).
In order to aid in the dissemination and cooperation of information between
these multiple development strategies, Botswana is creating an Environmental
Information System to “track and capture information from different data
providers” (Botswana, 2010). This will facilitate the sharing of information and
break down barriers between the governing agencies that would otherwise act as
obstacles in achieving cooperation and progress.
Historical
Like many of the other countries in my analysis, Botswana was formerly a
colony of Great Britain, gaining its independence in 1966 (CIA, 2008). One of the
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country’s challenges has been to maintain a closed border to the “thousands of
refugees from Zimbabwe who are fleeing economic collapse and political
persecution” (CIA, 2008). Additionally, there has been longstanding debate amongst
its neighbors over the plan to build a bridge across the Zambezi River at the short
Botswana-Zambia border (CIA, 2008). However, due to the nature of these historical
conflicts, it is not likely that they have influenced the creation of Botswana’s
sustainable development plan.
Geographic
Botswana has a semiarid climate with rolling tableland and the Kalahari
Desert in the southwest part of the country. It is generally ill-suited for agriculture,
with less than 1% of the country being arable land, resulting in Botswana having to
import most of its food and making food security a major issue. With limited fresh
water sources, periodic droughts, occasional dust storms, and expected decreases in
rainfall due to climate change, this is likely to become an even greater and costlier
problem in the future—and conservation will become especially important in
Botswana. Geographic reasons in this case, are a very strong indicator of why the
country has seen the necessity to create a green development plan.
The scarcity of fresh water in Botswana both now, and in the future, affects
many people and the country in many other areas as well. The water sources of
many rural communities cannot handle prolonged drought. According to one of
Botswana’s reports: “large sections of the population depend directly on biological
resources for their survival and livelihoods” (Botswana, 2010).
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Drought and water scarcity will affect the entire ecosystem in Botswana as
well as those other resources that people are dependent on. For example, drought
will hurt the growth of forests and since wood is responsible for 98% of energy in
rural areas and 79% in urban areas, people’s access to energy will be greatly
affected (Botswana, 2010). Due to this high degree of dependence on wood for
energy fuel, deforestation in Botswana has been tied to a lack of access to other
sources of energy.
Overgrazing and desertification are two other issues that have fed into this
vicious drought-related cycle that is degrading the environment in many parts of
Botswana. Pastoral farming has led to the degradation of eastern rangelands in
Botswana because farmers are raising more cattle than is sustainable for the area
(Botswana, 2010). This may have to do with the types of land tenure that Botswana
uses—while state held land, representing about a quarter of all land in Botswana is
mostly set aside for national parks, forest reserves, and cities, communal land is
used for “grazing, crop production, game reserves, and wildlife management areas,”
calling to mind a very similar situation to Garrett Hardin’s “Tragedy of the
Commons” allegory (Botswana, 2010). Freehold land, accounts for a small
percentage of land in Botswana is also used for livestock farming.
The aforementioned environmental and geographically-related problems
are very probable reasons for Botswana’s implementation of a consolidated plan for
sustainable development.
Political
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Listed as ‘free’ compared to the other countries being studied in my analysis,
which were considered only ‘partly free’ by Freedom House’s rankings, political
factors and the fact that the government is therefore more representative of its
people likely played a role in the cooperation of forming a national green
development plan (Freedom House, 2012).
Social
Botswana has a fairly high literacy rate of 81.2%, which has played a large
role in the success of the country’s environmental education initiatives (CIA, 2008).
A part of Botswana’s sustainable development planning, the established
Environmental Education Committee has revised the National Environmental
Strategy and Action Plan, as well as worked to increase public awareness and
knowledge about the environment and sustainability issues (Botswana, 2010).
However, despite this high degree of public outreach and education on
sustainability topics, environmental monitoring has been challenged due to a
shortage of analytical skills (Botswana, 2010). To combat this monitoring problem,
Botswana’s Department of Waste Management and Pollution Control has created a
team of “Green Scorpions” to act as an environmental patrol, help with compliance,
and promote good practices (Botswana, 2010).
HIV/AIDS infection rates in Botswana are the reported to be the second
highest in the world, which threatens the human and social capital being built upon
in the country (CIA, 2008).
Another social component, religion, is interesting to compare in Botswana to
the other three countries being studied in my analysis. While they were largely
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religious, Botswana has a significant amount of the population, over 20% that
reports ‘none’ as their religion (CIA, 2008). Whether this plays a direct or indirect
role in the country’s environmental policies and the behaviors of its citizens is hard
to say, but many religions do emphasize some sort of stewardship or reverence
towards nature that would be lacking for this portion of the population.
Considering the high level of literacy in Botswana, it appears that social
factors have been a driver in the creation of the country’s green development plan
since it demonstrates a high social capacity for people to accept the structural,
institutional, and behavioral changes that have come with the implementation of
this policy.
Economic
Of the countries being studied in this analysis, Botswana has the highest
GDP/capita by quite a lot, at nearly $15,000 (CIA, 2008). Additionally, since its
independence in 1966, Botswana has maintained one of the highest economic
growth rates in the world; reports even state that “two major investment services
rank Botswana as the best credit risk in Africa” (CIA, 2008). However, since
diamond mining accounts for more than a third of GDP and between 70-80% of
exports earnings, the country is also particularly vulnerable to economic crises on
the international level since the most recent crisis for example, resulted in a loss of
income from diamond sales (CIA, 2008) (Botswana, 2010).
Since Botswana has such a poor climate for food production, its economy is
not as dependent on agriculture as others. Instead, Botswana’s GDP composition by
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sector represents that industry at 51.5% and services at 46.9% are the major
sources of income (CIA, 2008).
Botswana’s economic base on natural resources could be one of the reasons
that it has created a national green development plan. This sort of plan is highly
necessary for the country considering that sustainable management of those natural
resources is essential in order to maintain the economy’s current success. Therefore,
economic factors are a probable driving factor behind Botswana’s green
development initiatives.
Summary
Based on this analysis, it seems that the most compelling driving factors
behind Botswana’s creation of a medium strength, consolidated green development
plan are geography, political, social, and economic.
Comparison and Trends
Lesotho, representing the low level of STI policy, although it did not have a
specifically dedicated plan for green development, had medium strength strategies
in place in terms of sustainable development initiatives that were present in other
national policies of the country. Next, Ethiopia with the second lowest level of STI
investment, falling into the low-medium category, was surprising in that it had the
strongest green development plan, taking the form of a “Climate-Resilient Green
Economy Strategy.” Zambia, the country with the next highest level of STI
investment, which was also the average and median for countries in Sub-Saharan
Africa reporting R&D percentages, both lacked a consolidated plan and had the
weakest sustainable development measures in place elsewhere. Finally, Botswana,

56

the country that was classified to represent the high level of STI investment, had a
medium strength green development plan.
While Lesotho’s lack of STI investment and corresponding lack of a green
development plan fit with my hypothesis, the sustainable development initiatives it
had included in its general national development plan were medium strength. The
case of Ethiopia certainly did not fit my hypothesis since it had a strong, high
strength dedicated plan to green development; however, Ethiopia should be
considered an outlier because it is globally noted to have one of the best sustainable
development plans. Although Zambia did not have a dedicated plan, unlike Lesotho,
it didn’t have much of a commitment to sustainable development through other
channels or its general national development plan. Botswana, representing the
highest level of STI investment had a green development plan that had medium-high
strength.
There was one driving factor that was identified as being important for each
country in this analysis: political factors. Political reasons, specifically institutional
overlap were found to be a likely reason in each case why the countries had or had
not implemented a consolidated national development plan.
There is an additional trend from this data and analysis that is worth noting
though: both Ethiopia and Botswana, the two countries that had specific plans in
place for addressing sustainable development also had some sort of environmental
database or information system in place for sharing such knowledge between
related agencies within their country’s governments. Lesotho and Zambia, the two
countries that did not have their own dedicated sustainable development plans
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lacked a cooperative database like this and it was found that the political overlap
between various agencies working on environmental-related issues was a problem
for consolidating information into a workable plan. This may suggest a possible
connection between environmental databases and information-sharing and the
creation of a sustainable development plan.
There are also two other potential trends this data may suggest and that are
important to consider. Firstly, although my research hypothesized that a sustainable
development plan was the causal result of investment in STI policies, both Ethiopia
and Botswana, the two countries that did have such a plan, actually had national STI
policies that were implemented one year after their sustainable development plans.
Whether this implies reverse causality of the variable is unclear given the limited
size of my study to only four countries. However, considering that Lesotho and
Zambia had sustainable development plans that weren’t implemented until 6-10
years after their respective STI policies, this may suggest that the closer the two
types of policies are implemented to each other, the more successful they may be.
Secondly, another interesting similarity to notice between the two countries
that did have sustainable development plans, is the fact that in addition to both of
them having political factors in common, it was also found that geographic and
economic factors had been important in the creation of their national green
development strategies.
CONCLUDING REMARKS
Unfortunately, this research does not particularly highlight the benefits of
investing in STI and national innovation systems in terms of achieving or setting a
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strategy for sustainable development. My hypothesis that higher levels of STI
investment would mean stronger national green development plans is therefore not
supported by this data.
It is important to note that the four countries being studied, although they
were classified on a scale of low to high investment in STI, this scale had a very small
range. With Lesotho representing the low level of STI investment with only 0.03% of
GDP spent on R&D and Botswana representing the high level of investment at 0.52%
of GDP, this equates to a difference between the high and low ends of the scale of
only 0.49%—less than half of one percent. To base this range off of an amount that
equates to less than half of a percent gives some question as to the validity of my
method for scaling investment level in STI policies between Sub-Saharan countries.
To offer a brief comparison to where this range fits on a global scale, R&D spending
in the United States for example is 2.79% of GDP (World Bank, 2013). It is therefore
possible that if I had used a different metric to classify the STI investment level and
if I had then selected different countries to use in my comparative analysis, that I
might have found different or more conclusive results.
A further problem with using R&D as an indicator for STI investment as it
pertains to sustainable development is the fact that for some countries, a large
portion of R&D spending is military or defense-related and may have nothing to do
with green development or technology. Although military-based innovation,
research, and development has sometimes led to everyday technological
implementation in the public and private sectors, it cannot be assumed what portion
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of a country’s R&D expenditures are actually contributing towards improvements in
sustainable development-related STI.
An additional issue with generalizing my results to any trend is that since I
used detailed case studies to analyze what particular drivers may explain deviations
or articulations of the hypothesized trend, n in this research was limited to four.
With a higher n, my results would have been more conclusive to the extent that I
would be able to say with more certainty whether or not they are consistent with a
given trend.
And finally, there is the possibility that both of the variables being tested, STI
investment and green development plans are actually endogenous. Having two
outcome variables would suggest that there is some other factor causing these
investments and policies. Therefore, potential dual endogeneity is a very
problematic concern that shouldn’t be ignored when interpreting this data and
needs to be considered if any additional research on this topic is to be conducted.
As it is, there is very little indication from my results that there is a
correlation between level of STI investment and strength of a national strategy for
sustainable development. Therefore, my conclusions can only remain tentative until
further research is conducted on this subject to supplement my results and findings.
However, my research still remains as evidence that historical, geographic, political,
social, and economic factors play major roles as potential drivers in sustainable
development and related initiatives; particularly, political factors since in all four of
the case studies this was a key driver of either the existence and strength of
sustainable development policies.
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QUESTIONS FOR FURTHER RESEARCH
While the implications of my research are somewhat limited because it only
focuses on four cases studies, a good direction for future research would be to
supplement these finding with the further study of other sub-Saharan countries in
Africa that also had reported numbers for percentage of GDP spent on R&D.
Similarly, this research could be expanded by using a different indicator for STI
investment level other than percentage of GDP spent on R&D. A possible alternate
indicator could be the percentage of the population employed as researchers or in
the technology and development industry. Yet another could simply be the strength
of the STI policies and plans of these countries, using similar metrics of analysis as I
used for classifying the strength of the countries’ national green development plans.
Conducting more research, especially in a purely quantitative form, on the
relationship between STI policies and green development would be helpful for
development agencies by further indicating whether increased investment in STI
policies can lead to stronger plans for sustainable development.

61

BIBLIOGRAPHY
Adams, W. M. (2001). Green development: Environment and sustainability in the
Third World. (2nd ed.). New York, NY: Routledge.
Asafu-Adjaye, J. (2000). Environmental economics for non-economists. New Jersey:
World Scientific Publishing Co.
Ascher, W., & Healy, R. (1990). Natural resource policymaking in developing
countries: Environment, economic growth, and income distribution. Durham,
NC: Duke University Press.
BBC. (2012, August 6). Zambia profile: A chronology of events. BBC News. Retrieved
from http://www.bbc.co.uk.
Central Intelligence Agency, World Factbook. (2008). Botswana. Retrieved from
website: http://www.umsl.edu.
Central Intelligence Agency, World Factbook. (2008). Ethiopia. Retrieved from
website: http://www.umsl.edu.
Central Intelligence Agency, World Factbook. (2008). Lesotho. Retrieved from
website: http://www.umsl.edu.
Central Intelligence Agency, World Factbook. (2008). Zambia. Retrieved from
website: http://www.umsl.edu.
Chiwele, D. K., & Syampungani, S. (2011). Zambia millennium development goals
progress report 2011. Retrieved from http://www.undp.org.
Dasgupta, P. 2007. “Comments on the Stern Review’s Economics of Climate Change.”
National Institute Economic Review 199: 4–7.
Dorf, R. (2001). Technology, humans, and society: Toward a sustainable world. San
Francisco, CA: Academic Press.
Edson, S. (2007, March). The national system of innovation in Botswana. Presentation
delivered at The Innovation Forum, Dublin, Ireland. Retrieved from
http://info.worldbank.org.
EPA. Environmental Protection Authority, (2011). The path to sustainable
development: Ethiopia's climate-resilient green economy strategy. Retrieved
from website: http://www.uncsd2012.org.
EPA. 2012. National Report of Ethiopia, the United Nations Conference on
Sustainable Development (Rio+20). Federal Democratic Republic of Ethiopia,
62

Addis Ababa. Retrieved from http://www.uncsd2012.org.
FindTheBest.com, Inc. (2012). Side-by-side country comparison. Retrieved from
http://cia-world-fact-book.findthedata.org.
Fitch, Samuel. "Explaining the Outcomes of Environmental Policies: Evaluating
Causal Arguments and Explanations." Environmental Policy. University of
Colorado. Boulder, CO. 25 Sep 2012. Lecture.
Freedom House. (2012). Botswana. In Freedom in the World. Retrieved from
http://www.freedomhouse.org.
Freedom House. (2012). Ethiopia. In Freedom in the World. Retrieved from
http://www.freedomhouse.org.
Freedom House. (2012). Lesotho. In Freedom in the World. Retrieved from
http://www.freedomhouse.org.
Freedom House. (2012). Zambia. In Freedom in the World. Retrieved from
http://www.freedomhouse.org.
Getaneh, A. (2005, April). Ethiopian natural resources and environmental metadatabase. From pharaohs to geoinformatics, Cairo, Egypt. Retrieved from
http://www.fig.net.
Goal 7 fact sheet: Ensure environmental sustainability. Issued by the UN Department
of Public Information – DPI/2650G. New York, 20-22 Sep. 2010. Retrieved
from http://www.un.org.
The Government of Botswana, Ministry of Finance and Development Planning.
(2010). Millenium development goals status report. Retrieved from website:
http://web.undp.org.
The Government of the Republic of Zambia. (2010). Strengthening the creative
industries for development in Zambia. United nations conference on trade and
development, New York, NY. doi: UNCTAD/DITC/TAB/2009/1, Retrieved
from http://unctad.org.
The Government of the Republic of Zambia. (2012, May). Zambia national report for
the united nations conference on sustainable development. Rio+20 conference,
Rio di Janeiro, Brazil. Retrieved from http://www.uncsd2012.org.
The Government of the Republic of Zambia, (2012). The science, technology, and
innovation landscape in zambia: An overview. Retrieved from website:
http://www.nepad.org.

63

Gueye, M. K. (2011, June). UNEP green economy report. Presentation delivered at
Green growth and development workshop, Paris, France. Retrieved from
http://www.oecd.org.
Harrison, N. (2000). Constructing sustainable development. Albany, NY: State
University of New York Press.
International Monetary Fund. Government of Lesotho, (2012). Kingdom of Lesotho:
National strategic development plan (IMF Country Report No. 12/102).
Retrieved from IMF Publication Services website: http://www.imf.org.
Juma, C. (2009, September 09). A climate for change in Africa. Retrieved from
http://blogs.worldbank.org/.
Kayongo, K. The Government of the Republic of Zambia, Ministry of Science,
Technology, and vocational training. (1996). National policy on science and
technology. Retrieved from website: http://www.wipo.int.
Ki-moon, Ban. Millennium development goals exhibit. N.d. United Nations Visitor
Centre Tour, New York. Wall Quote.
Love, P. (2012, June 12). Not just for the rich: Green growth and developing
countries. OECD Insights. Retrieved from http://oecdinsights.org.
Masin, Menelea. The Government of Lesotho. (2010). STIP review of Lesotho: An
implementation strategy. United nations conference on trade and
development, New York, NY. doi: UNCTAD/DTL/STICT/2009/7, Retrieved
from http://unctad.org.
McKee, J. (2007, August). Ethiopia country environmental profile. EC delegation,
Addis Ababa, Ethiopia. Retrieved from http://ec.europa.eu.
McKinsey & Company. 2009. Pathways to a Low-carbon Economy: Version 2 of the
Global Greenhouse Gas Abatement Cost Curve. McKinsey & Company.
Michigan State University. Colonialism in Africa 1914. n.d. Exploring Africa, East
Lansing. Web. 19 Feb 2013.
MoFED. Ministry of Finance and Economic Development, Development Planning and
Research Directorate. (2010). Ethiopia: 2010 MDGs report. Retrieved from
website: http://www.phe-ethiopia.org.
Morrison, Judith. “Climate change: the cost and opportunity for poor countries.”
Conference on World Affairs. University of Colorado, Boulder. 9 Apr. 2010.
Speech.

64

Musokotwane, S. The Government of Zambia, Ministry of Finance and National
Planning. (2011). Sixth national development plan. Retrieved from website:
http://siteresources.worldbank.org.
Nations Online. (2012). Countries of the third world. Retrieved from
http://www.nationsonline.org.
Niosi, J. (2010). Building national and regional innovation systems: Institutions for
economic development. Northampton, MA: Edward Elgar Publishing, Inc.
Our common future. By the World Commission on Environment and Development.
London: Oxford University Press, 1987, pp. 383
Rosenberg, N. 1971. “Technology and the Environment: An Economic Exploration.”
Technology and Culture 12 (4): 543–61.
Rostow, Walt Whitman (1962), “The stages of economic growth” London, England:
Cambridge University Press, pp. 2, 38, 59.
Sachs, J. D. (2012, June 9). From millennium development goals to sustainable
development goals. The Lancet, 379, 2206-2211. Retrieved from
http://jeffsachs.org.
Seanama Conservation Consultancy Ltd. (2012, June). Botswana national report for
the united nations conference on sustainable development. Rio+20 conference,
Rio di Janeiro, Brazil. Retrieved from http://sustainabledevelopment.un.org.
Sen, A. (1999). Development as freedom. New York, NY: Anchor Books.
Shen, T. T. (1997). Technologies for sustainable development. In D. Muschett
(Ed.), Principles of Sustainable Development (pp. 83-130). Delray Beach, FL: St.
Lucie Press.
Tools for delivering on green growth. Prepared for the OECD Meeting on the Council
at Ministerial Level. Paris, 25-26 May, 2001.
Trading Economics. (2012). Research and development expenditure. In World Bank
Indicators by Country. Retrieved from http://www.tradingeconomics.com.
UNDP. United Nations Development Programme, Lesotho. (2009). Update:
Millennium development goals report. Retrieved from website:
http://www.undp.org.
UNDP. United Nations Development Programme, Lesotho. (2011). 2011 millennium
development goals in Lesotho. Retrieved from website: http://www.undp.org.

65

UNDP. (2013, March 11). National MDTF factsheet: Ethiopia climate resilient green
economy facility. Retrieved from http://mptf.undp.org.
UNEP, 2011. Towards a Green Economy: Pathways to Sustainable Development and
Poverty Eradication - A Synthesis for Policy Makers. Retrieved from:
www.unep.org.
United Nations. 2008. The Millennium Development Goals Report 2008. New York: UN.
Vaughan, A. (2009, Sept 02). A history of CO2 emissions. The Guardian, Retrieved
from http://www.guardian.co.
WCED (World Commission on Environment and Development). 1987. Our Common
Future. Oxford, UK: WCED.
World Bank. (2003). Sustainable development in a dynamic world: Transforming
institutions, growth, and quality of life. In S. Graham, M. Edeburn & I. Kramer
(Eds.), World Development Report New York, NY: World Bank and Oxford
University Press.
World Bank. (2009). Zambia: Science, technology and innovation system profile.
Retrieved from http://siteresources.worldbank.org.
World Bank. (2010). Chapter 1: Understanding the links between climate change
and development. In World Development Report (pp. 36-69).
World Bank. (2011). Abundant waters: Harnessing water for lesotho's future [Web
Video]. Retrieved from http://www.youtube.com.
World Bank. (2012). China 2030 Building a modern, harmonious, and creative highincome society. Supporting Report 3: Seizing the opportunity of green
development in China. pp. 229-291. Retrieved from
http://www.worldbank.org.
World Bank. (2013). Research and development expenditure. In Data Bank. The
World Bank Group. Retrieved from http://data.worldbank.org.

66

APPENDIX
Appendix A
Complete data set of Sub-Saharan African countries and investment for R&D as a
percentage of GDP:

Country
Angola
Benin
Botswana
Burkina Faso
Burundi
Cameroon
Cape Verde
Central African Republic
Chad
Comoros
Congo, Dem. Rep.
Congo, Rep.
Cote d'Ivoire
Equatorial Guinea
Eritrea
Ethiopia
Gabon
Ghana
Guinea
Guinea-Bissau
Kenya
Lesotho
Liberia
Madagascar

R&D
Expenditure
(% of GDP)
0.52
0.2
0.2
0.6
0.03
0.13

Malawi
Mali
Mauritania
Mauritius
Mozambique
Namibia
Niger
Nigeria
Rwanda
Sao Tome and Principe
Senegal
Seychelles
Sierra Leone
Somalia
South Africa
South Sudan
Sudan
Swaziland
Tanzania
The Gambia
Togo
Uganda
Zambia
Zimbabwe

0.32
0.2
0.39
0.38
0.93
0.41
0.023
0.38
0.34
-

(Trading Economics, 2012) (World Bank, 2013)
Appendix B
Comparative country profile data on historical, geographic, social, political, and
economic factors for Lesotho, Ethiopia, Zambia, and Botswana:
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(CIA, 2008)(Freedom House, 2012)
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