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Master of Science in Technology and Policy

Abstract

Satellite technology in the areas of remote sensing, communication, and navigation can provide
valuable information in a number of areas from business to disaster management to agriculture.
There is great potential for such technology to help solve problems in developing countries.
Unfortunately, due to lack of funds, expertise, equipment or awareness, developing countries are
not using satellite technology to its full potential. This thesis is motivated by a desire to increase
and improve the use of satellite-based technology in developing countries. Three Research
Questions guide the study. Question 1 is, “How does national development level relate to
national space activity?” For this question, national development level is measured by a series of
Development Indicators such as Gross Domestic Product. The level of space activity is measured
using a Space Participation Metric that is created by the author. Statistical analysis is used to
learn if there is any significant difference in the space activity of countries at different
development levels. Research Question 2 asks, “What Mission and Management Architectures
are developing countries using to apply satellite-based technology to national needs?” The data
used to answer this question comes from 90 Space Project Case Studies about satellite-enabled
activities in Africa. The information from the Case Studies is organized so that trends can be
found in the accomplishments of the projects. Research Question 3 asks, “How does national
development level influence the Mission and Management Architectures used by developing
countries in satellite-based technology projects?”” This question builds on the data from Research
Question 2. Statistical analysis is used to determine if African countries at different development
levels perform differently in the Space Project Case Studies. Inaddition to addressing these three
Research Questions, this study explores the policy context of African countries through a series
of interviews. Thirty interviews were held with representatives from African embassies in the
United States. The interview questions explore the institutional structure of the country’s
National Innovation System. To summarize the results, the analysis for Question 1 shows that
there is a significant difference in the space activity of countries at different development levels.
Question 2 shows that most African space projects involve either one African country or a
collaboration with a non-African partner. The third Research Question shows that there is a
significant difference in the level of technical expertise and programmatic leadership shown by
African countries at different development levels. This study closes with policy
recommendations for developing country policy makers about next steps for using satellite-based
technology.

Thesis Supe rvisor: Annalisa Weigel
Assistant Professor, Aeronautics and Astronautics and Engineering Systems Division
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1 Introduction

Technology that is enabled by satellites holds great potential to meet significant needs in
developing countries. Specifically, satellite-based remote sensing, communication and
navigation capabilities can provide valuable services in the developing world. Unfortunately, the
potential of these technologies is not fully met due to various barriers that prevent developing
countries from making use of such technology. These barriers include lack of access to funding,
expertise, infrastructure, equipment and education. The purpose of this research is to understand
the mechanisms by which dewveloping countries have overcome such barriers by examining
examples of programs, projects and companies involved in bringing satellite-based technology to
developing countries. Ultimately, this research will highlight ways that policy makers in the
developing world can increase the benefit that their countries receive from satellite-based
technology.

1.1 Overview of Thesis

The purpose of this study is to examine and improve the ways that satellite-based
technology can meet needs in developing countries. Within this purpose, two broad goals guide
the research design. The first goal is to increase our understanding of how satellite technology is
used in developing countries. The second goal is to understand how development level is related
to space activity.

The study is a multi-disciplinary analysis that draws from aerospace engineering and
international development. Thus, the audience for this document is mixed. The author’s goal is to
make it understandable to engineers who are unfamiliar with development issues as well as to
those who are experts in development but not familiar with satellite technology. The scope for
the study is broad, but it has been narrowed by considering the work ofan office that is an expert
in this topic, the United Nations Office of Outer Space Affairs (UNOOSA). Based on their
activities, the range of technologies to be studied includes satellite remote sensing, satellite
communication and satellite navigation. UNOOSA has identified these technologies as having
specific potential to benefit developing countries.'

There has already been a great deal of literature highlighting the potential benefits of
satellite technology in developing countries. There is also a clear understanding in the literature
that technical capability building is an essential element of socio-economic development.
Finally, ample literature has highlighted the challenges associated with developing countries
gaining space capability and accessing the benefits of space technology. This study makes a
unique contribution by using quantitative and qualitative methods to understand the relationship
between national development level and the use of space technology in developing countries.
Specifically, this thesis will answer the following research questions.

1) How does national development level relate to national space activity?

2) What Mission and Management Architectures are developing countries using to apply
satellite-based technology to national needs?

3) How does national development level influence the Mission and Management

Architectures used by developing countries in satellite-based technology projects?

The answers to these research questions do not completely satisfy the two goals, but the
questions allow the study to turn the goals into manageable tasks.

Five categories of data are used to answer these questions. The first data category is
information about national space participation. This data measures the extent of space
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participation for all sovereign states in the world. The second category is project case studies.
This data considers the technology and management characteristics of specific projects using
satellite-based technology in Africa. The third category is case studies of national space
programs for developing countries. The fourth source of data is a set of in-person interviews
conducted with officials at embassies of African countries in the United States. These interviews
help provide context for the technology and education policies of African countries. Each of
these first four sets of data was created as part of this research. The fifth data set is borrowed
from international organizations such as the United Nations. This set is made of numerical
development indicators such as Gross Domestic Product and the Human Development Index.
These are used to measure national development level for all the countries in the world.

Several kinds of data analysis are used in this research. Statistical analysis is used for
Research Questions 1 and 3 to look for significant relationships between development level and
space activity. The space program case studies and interviews are also reviewed qualitatively to
look for trends and success stories.

The results of the study show that there is a statistically significant relationship between
national development level and space activity. This can be seen when comparing all countries in
the world or comparing just African countries. The results also show what level of technical
activity is found in satellite projects in Africa. These conclusions pave the way for policy
recommendations to African policymakers and their counterparts in other developing regions.

The figure below summarizes the organization and methodology of this thesis. Notice that
the figure is in the shape of a triangle with the pinnacle pointing down. This is done to show that
each element of the triangle is more narrowly scoped than the elements above. At the top of the
triangle are the two broad goals that motivate the thesis. These goals are too broad to be fully
addressed in a thesis, but they do influence all the steps below them in the figure. Each of the
three research questions contributes to achieving these goals. Research Question 1 addresses
both goals. Question 2 contributes to Goal 1; and Question 3 contributes to Goal 2. The Research
Questions have different scopes. Question 1 considers space activity for all the sovereign
countries in the world. Questions 2 and 3 consider Architectures for space activity only within
Africa. The five data sources are shown in order from most broad to most narrow in scope. The
first two relate to all countries; the last three cover only African countries. The data sources
provide a great deal of information that could be analyzed in many ways. Inthat sense, choosing
the analysis methods also requires narrowing the scope.
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Two Goals
1. Increase understanding of Satellite Technology use in developing countries
2. Understand how development level relates to space activity

Three Research Questions
1. Howdoes national development level relate to national space activity?
2. What Architectures are developing countries using to apply
satellite-based technology to national needs?
3. Howdoes national development level influence the Architectures used by
developing countries in satellite-based technology projects?

Five Data Sources

Development Indicators
Space Participation Metric
Space Project Case Studies
Embassy Interviews

Space Program Case

agrwdE

Three Analysis Methods

1. Frequency Analysis
2. Categorization
3. Chi-Squared Tests

Figure 1: Overview of Thesis Goals and Methods

1.2 Definitions of Major Terms and Concepts

Several key terms will be used throughout this study. Some of them may cause confusion
for the reader, due to their elusive definitions in literature and in common speech. Thus, these
terms are defined in this section.

1.2.1 Satellite-Based Technology (SBT)

The author uses satellite-based technology (SBT) to indicate any technology that is
enabled by satellites. This includes services performed directly by satellites as well as the
information obtained using satellites. Thus, if a computer tool is developed based on satellite
data, it can be considered an SBT.

1.2.2 Developing Country

The term “developing country” is used broadly, but there is not a clear method to
determine which countries are developing and which are already developed. Of course,
development is not a binary state; it is a spectrum. It is somewhat artificial to assign a specific
boundary between countries. Thus, in this project, development is measured along a spectrum
defined by a consistent source. The primary source is the Human Development Index (HDI). We
use the Human Development Index as a measure of national development." The HDI was
developed by the United Nations. It is a composite score based on several objective indicators of
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development. These indicators fall into diverse categories including economics, education
policy, and health. The HDI assigns countries a score between 0 and 1 as a summary of social
and economic development. The Index also divides countries into three categories: High,
Medium and Low Development. As of the 2004 HDI rankings, High Development Countries
have an HDI score of at least .80. Medium Development Countries are ranked at .5 and above.
This leaves Low Development Countries with rankings below .5. Thus, in this analysis, countries
are compared in terms of development based on their rankings in the HD Index as well as other
Indicators provided by the Human Development Report. A full explanation of the HD Index and
the rankings of all countries according to the Index can be found on the website referenced
above.

1.3 Background and Motivation

Space enthusiasts are often challenged with questions like, “Why should we invest in
space technology when there are starving people all over the world who could use that money?”
Such a question reveals an ignorance of the way that satellite-based technology can help to
improve food production for starving people. Satellite remote sensing can be used to better plan
and understand food production on a regional or national scale, while the satellite-based Global
Positioning System (GPS) enables precision farming techniques to increase crop yield. The
following section explains some of the ways that satellite-based technology can be harnessed to
meet needs in developing countries.

1.3.1 The Potential of Satellite-Based Technology to Meet Needs in
Developing Countries

This research emphasizes three specific areas of satellite-based technology that can meet
significant needs in developing countries. These are remote sensing, communication and
navigation. This section explains each of these technologies and provides examples of the needs
they can serve in developing countries.

In order to give context to the needs discussed in this section, we will refer to how they
connect to the United Nation’s Millennium Development Goals (MDGs). The MDGs are a set of
eight goals that were adopted by the UN General Assembly in the year 2000. Each goal provides
a measurable standard to be achieved by the year 2015. Together, the goals provide focus for the
work of the United Nations in developing countries. The following list summarizes the eight
goals.

1) Eradicate extreme poverty and hunger.

2) Achieve universal primary education.

3) Promote gender equality and empower women.

4) Reduce child mortality.

5) Improve maternal health.

6) Combat HIV/AIDS, malaria and other diseases.

7) Ensure environmental sustainability.
8) Develop a global partnership for development."

1.3.1.1 Overview of Satellite Remote Sensing

One service that satellites provide is earth remote sensing. The phrase “Remote Sensing”
simply means “the ... process of obtaining data or images from a distance.”" Thus, the concept
is broad and can be applied to many types of technology. Here we refer to instruments mounted
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on satellites that can measure phenomena on earth. The Space Encyclopedia notes that satellite
remote sensing is possible because “the satellites’ instruments analyze light and other radiation
reflected and emitted from surface features. Each feature...has a different signature of reflected
or emitted radiation.”” There are two major categories of remote sensing; these are imagery and
scientific measurement. The data from satellite imagery can be used to create geographically
referenced maps of locations on earth. The data from scientific measurements can be used to
infer much about the state of the atmosphere, land or water.

Remote sensing has been widely used since the beginning of the satellite era. The first
weather satellite, Tiros 1, was launched by the United States in 1960. It was the first of a series
of ten successful weather satellite missions between 1960 and 1965."' Landsat is a later remote
sensing satellite series that has proved very beneficial. Since 1972, this program has provided
valuable imagery of the land."" In 1978, the US satellite Seasat became one of the first ocean
observing satellites."" Today remote sensing technology has advanced to allow imagery at such
high resolution that driving and walking maps are based on satellite images. Meanwhile, great
advances in scientific remote sensing measurements allow scientists to observe phenomena
ranging from storms to forest fires to pollution.

Both satellite imagery and scientific measurements made by satellites have the potential
to meet needs in developing countries, if the data is converted into useful information. Satellite
imagery is often put into a Geographic Information System (GIS) in order to make it more
useful. This allows users to reference the imagery with its geographic location and to add layers
of other information based on the same geographic reference. GIS provides a powerful tool for
organizing information. It allows a user to observe, analyze and design the way land is used. For
example, the state of Massachusetts provides geographically referenced data that researchers and
planners can access for analysis.” Another example comes from the increasingly popular Google
Maps website. The figure* below shows a snapshot of the Google Maps homepage in satellite
view. Here a satellite image of the United States is overlaid with geographic information
showing state boundaries and capitals. This is one example of the powerful combination of GIS
and satellite data. Satellite imagery is produced both by government owned satellites as well as
by commercial satellite operators.
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When satellite remote sensing technology is used to measure environmental phenomena,
there are various ways in which that data can be turned into valuable information that can help
policymakers. One way is illustrated below in the figure*' from the NASA Applied Sciences
division. It explains the process of taking scientific data from NASA satellites and creating
useful information.

Applied Sciences Program Approach to Integrated System Solutions

Value and
benefits to citizens

Earth System Models

e Land

* Oceans

* Atmosphere
* Solar

Earth Observatories

NASA and Research Partners Partners with Decision-Support Tools

Figure 3: NASA Applied Science Division Approach to Using Satellite Data
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As seen in the figure above, the data from earth observation satellites is fed into scientific
models that describe the Earth System. These models are analyzed using high performance
computers and visualization. The models are also validated using data from other sources such as
ground based measurements. With these models, scientists can make predictions and forecasts
about natural phenomena. They can format their models into Decision Support Tools. This
means that the information will be provided such that it applies directly to the requirements of a
customer that must make a decision. Such a customer may be a policy maker on the local,
regional or national level. Ultimately, the satellite data is useful if it can be formatted such that it
efficiently provides relevant information to help manage decisions.

There is a wide range of sensors that can be used on satellites to make scientific
measurements. Some examples include NASA’s Aqua satellite.*" One of its instruments is the
Atmospheric Infrared Sounder or AIRS. Itallows analysts to produce very accurate temperature
and humidity profiles of the atmosphere. Also, the European Space Agency has the Earth
Resource Satellite-1.*" One of its seven instruments is the Radar Altimeter. It measures the time
it takes for microwaves to travel from the satellite to the ocean and back. With this information it
can calculate ocean altitudes. Finally, the Indian space agency — called the Indian Space
Research Organisation — operates the Indian Remote Sensing Satellite System. One of the
satellites is called RESOURCESAT-L1. It carries three cameras, one of which is called a Linear
Imaging Self Scanner (LISS). This camera can take images in both the visual and infrared
spectral bands.*" Most scientific remote sensing satellites are owned and operated by
government organizations, but there are some commercial operators who produce scientific data.
An example is the OrbView-2 satellite of the company GeoEye. It provides imagery of the sea
that can be used by fishing vessels to find the best places to fish.*"

1.3.1.2 How Satellite Remote Sensing Can Meet Needs in Developing
Countries

Next we consider how the capabilities of satellite remote sensing are relevant to
developing countries. We discuss three of the pressing needs in developing countries that can be
addressed through satellite-based remote sensing. The needs are as follows: urban planning,
disaster manage ment, and food security. Each of these will be discussed in more detail below.
This is not an exhaustive list, but it shows the power of the technology. Other areas in which
remote sensing can meet needs include the following: managing natural resources, monitoring
pollution, preserving sites of natural or historical importance, preserving endangered species,
facilitating water management, and creating land use maps.*"'

1.3.1.2.1 Urban Planning

Urban planning is an urgent need in many developing countries where so called “mega-
cities” of over ten million people, such as Manila and Nairobi, are growing quickly due to
urbanization.*"" Urbanization is the process of people moving from rural to urban settings, and it
is happening much faster in developing countries than in industrialized ones.*"" Barney Cohen
of the National Research Council notes that in the last century, the number of cities with over
one million people has grown from 16 to 400. He goes on to say that “managing urban growth
...has become one of the most important challenges of the 21% century”.*™ In many developing
countries the rural population is quickly moving into urban centers in search of better jobs
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opportunities and access to education. These immigrants are often poor and end up living in
“informal settlements” or slums rather than finding proper housing.** _

The influx of people taxes the fragile infrastructure of the cities.”™ The growth outpaces
the ability of city planners to design solutions that could meet the needs of the new people. The
first need of city planners is accurate and timely information about the rapid changes of a city
that is experiencing urbanization.®" High resolution satellite imagery used with GIS can provide
planners with much needed information about the growth of their cities. This can assist them
with such tasks as population estimates, the design of water or sewage systems, crime prevention
and the development of alternative housing to replace informal settlements. As an example, the
US Agency for International Development (US AID) sponsored planners in the Philippines who
used satellite data from Russia to analyze land use patterns." Satellite technology can be one
tool that helps urban planners to meet the 7" Millennium Development Goal: “Ensure
environmental sustainability.”

1.3.1.2.2 Disaster Management

The second need of developing countries that can be addressed by satellites is disaster
management. Here the term “disaster” is used broadly. It includes what are commonly thought of
as natural disasters, such as hurricanes, volcanoes and tsunamis. It also includes long term
problems such as famine, drought and disease outbreaks. Developing countries are very
susceptible to harm from disasters. Not only are they located in regions where disasters occur
often, but they often have fragile infrastructure and limited resources.™ Thus, if medical
supplies or food are destroyed by a tsunami or famine, the result is great want.

Satellite-based technology can serve several roles in disaster management. First, satellites
can sometimes provide early warning about disasters through remote sensing. Satellite images of
hurricanes forming over the ocean have become commonplace; this is a form of early warning
for disasters. Satellites can also monitor volcanoes, tsunamis and fires to warn of danger.
Additionally, there are projects such as MARA (Mapping Malaria Risk in Africa), that use
satellite data to provide early warning of disease outbreaks. In this case, analysts use climate data
to predict where malaria-carrying mosquitoes are most likely to flourish." Also, satellite data
can give warning of famine or drought conditions before they become severe. For example, one
instrument on Landsat 4 is called the Thematic Mapper. One set of measurements it takes in the
infrared shows how much moisture is in plants. A low moisture reading could be an indication of
a failing crop.®™"' Because satellites have a global view and because they can revisit the same
location on earth frequently, the warnings they provide about disasters cannot be matched by
other platforms. The second way that satellites can help with disaster management is by
providing back up infrastructure during and after a disaster. This includes remote sensing data
that guides relief efforts as well as communication services in areas where the regular
infrastructure has been damaged. Satellite communication will be discussed more in a later
section. As an example of the remote sensing capabilities, consider the tsunami that devastated
Asia in December of 2005. Satellites were used both to help workers identify the areas that most
needed reliefand to help scientists understand the dynamics of the tsunami. "

When satellite technology is used for managing disasters such as famine or malaria
outbreaks, it is helping to meet the 1% and 6 Millennium Development Goals. The first is
“Fradicate extreme poverty and hunger.” The 6" is “Combat HIV/AIDS, malaria and other
diseases.”
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1.3.1.2.3 Food Security

The third example of a need felt in developing countries and served by satellites is food
security. According to Smith’s article called the “Geography and Causes of Food Insecurity in
Developing Countries”, “a person is food secure when he or she has access at all times to enough
food for an active, healthy life.””'"' Smith goes on to point out that the world’s food supply is
enough to meet the world’s need, but as of the year 2000 twenty percent of the world was
chronically malnourished. This need is concentrated in the developing world. Meanwhile, for
children under the age of 5, close to 1 in 3 in developing countries is malnourished.”™™ One way
to improve the problem of food insecurity in developing countries is to improve the information
available to the agricultural sector. Satellites can be a part of this process.

Three ways that satellite remote sensing can improve food security are as follows: crop
evaluation, weather forecast and pest detection. Crop evaluation means using satellite data to
understand the health of crops. This could give national or regional policy makers warning if
there is danger of a famine or drought as discussed above in the section on disaster management.
Weather forecasting and climate data from satellites can help farmers make the best decisions
about managing their crops as they grow. Finally, satellite data can alert farmers to the risk or
presence of pests and diseases. **

One example of a satellite project concerned with food security is the Famine Early
Warning System Network (FEWS NET). This program, funded by the US Agency for
International Development, works with partners in Africa, Central America, Haiti and
Afghanistan. Their goal is to provide warnings of food security problems in these regions. FEWS
NET uses satellite data in several ways. They use infra-red measurements to evaluate the
“Normalized Difference Vegetation Index” which shows the “vigor and density of
vegetation.”™" Another set of data is used to estimate rainfall. These are examples of how
satellite data can indicate the health of food crops.*"

Clearly, using satellites in this way helps us reach the 1% MDG: “Eradicate extreme
poverty and hunger.”

1.3.1.3 Overview of Satellite Communication

Satellites provide many services in the area of communication. Fundamentally, they
provide a platform to transfer data from one point on the globe to another. This data may be in
the form of a phone call, an internet signal, a television broadcast or a radio broadcast. The key
benefit of using satellites for communication is their global reach. By using a set of satellites
placed strategically in orbit, one can create a network that can send data anywhere in the world.
Communication satellites have traditionally been flown in Geostationary Orbit (GEO). This
means that they orbit the earth directly above the equator at an altitude of about 36,000
kilometers; at this altitude the orbit is at the same rate as the rotation of the earth. Thus the
satellite always points to the same location on earth. A satellite in geostationary orbit can see a
large portion of the earth. In fact, a network of just three geostationary satellites provides
coverage for the entire inhabited globe. It is clear that geostationary orbits are preferable for
communication. Because of this, that orbital altitude is very popular and has grown crowded. An
alternative to a 3-satellite network at GEO is a multi-satellite network at LEO (Low Earth Orbit).
Low Earth Orbit refers to any orbit that is within about 250 kilometers of the earth. Because such
satellites operate closer to earth, they do not need as much power to send their signal. Thus, they
can be smaller. The trade off, however, is that it requires more complex coordination to send
signals via a LEO network. LEO satellites do not stay constantly over the same location on earth.
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If one satellite is handling a phone call over New York, but it is going to move away from that
location, the data must be passed to another satellite. "

Whenever communication satellites operate in space, there must be a ground facility to
send and receive the satellite signal. One type of ground hardware that is very useful in
developing countries is the VSAT or Very Small Aperture Terminal. VSAT systems are
stationary satellite earth stations that can be used for various types of data transmissions. The
system includes the outdoor satellite dish and an indoor unit that is about the size of a desktop
computer.”™" The VSAT system is described as “very small” because the satellite dish for the
earth segment is usually between .9 and 1.8 meters.”" Because of its small size and simple set
up, the VSAT is easy to use in developing countries.

1.3.14 How Satellite Communication Can Meet Needs in Developing
Countries

Satellite based communication is helpful in developing countries for several reasons. It
provides a communication infrastructure that is faster to deploy and more useful in remote areas
than a ground based infrastructure such as a cellular network or fixed telephone lines. As
population density decreases, it becomes cheaper to use satellite-based infrastructure than ground
based infrastructure.”"' More generally, satellites play a role in providing phone, internet, and
broadcast services in developing countries. The satellite option is most economical for phone
communication outside the coverage of cellular networks; this is usually in rural areas. That
being said, many cellular providers are using satellites for international calls.”*"" Satellite-based
internet in developing countries competes with several ground based options including fiber-
optic under sea cables, cellular networks and dial-up on fixed telephone lines. There are pros and
cons for each option in terms of availability, bandwidth, delay, and cost. The regulatory
environment of each country strongly affects which technology is most affordable. Satellites are
very well suited for broadcast, particularly of radio and television. While a satellite-based radio
or television system is likely to be more expensive than conventional systems, the satellite allows
for access to programming fromaround the globe. V"

Communication technology can meet a variety of needs in developing countries. This
includes improving access to the following: education, medical care, government services, and
economic efficiency. The need for improvement in each of theses areas will be discussed more
in the following section.

1.3.1.4.1 Education

There a strong need to improve education opportunities in the developing world. Rural
schools in dewveloping countries are often understaffed and lack basic resources such as
textbooks, desks and boards. There is also concern about the level of teacher qualification*™
Teacher absence is very common in developing countries. Some authors attribute this to the
challenging teaching conditions.”! In the face of such problems, satellite-based communication
technology can provide improvements to both formal and informal education opportunities. One
option is distance education. If there are not enough qualified teachers in one location, the
students can connect with teachers in another location via satellite. This could be as a direct, two
way link or the teacher could broadcast lessons to many classrooms. A second option is to use
television, radio or the internet to provide opportunities for informal education. Students of all
ages could access the material.
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Consider three examples of satellite technology used for education in developing
countries. First is the University of South Africa (UNISA). It is a large university that specializes
in distance learning. They use satellite technology to connect teachers in their central campus
with students in their remote hubs.*" Also in South Africa is the Mindset Network. Mindset uses
satellites to offer educational content for use in both formal and informal education at many
levels. They also ensure that schools and clinics have the equipment to effectively use their
information."" Meanwhile Indonesia started using satellites to provide distance education in the
1980s. They saw that only 18% of applicants could be served in national universities; they
responded by creating the Indonesian Open University which served 60,000 students via
satellite. X' As we see from these examples, satellites can help achieve the 2" Millennium
Development Goal: “Achieve universal primary education.”

1.3.1.4.2 Medical Care

Satellite communication technology can improve medical care in developing countries by
enabling telemedicine or transmitting valuable health-related data. The following section
discusses the need for both and gives examples of successful projects.

In rural areas of developing countries, it may be difficult or expensive to get access to
medical care. For example in India, the medical infrastructure is highly centered in urban
settings. Although 75 percent of the population lives far from the major cities, there is a great
shortage of secondary and tertiary medical care providers in the suburban and rural areas. As a
consequence, many rural Indians with serious medical concerns cannot receive a diagnosis
without traveling a great distance and incurring a large expense. This situation is a function of
the overall infrastructure distribution of the nation. The rural settings do not have the necessary
infrastrlll_cture to support the medical profession or to maintain a given health professional’s
salary."

Satellites and other information technologies provide a potential method to address this
problem through telemedicine. Telemedicine is “the delivery of health care and the exchange of
health-care information across distances.” Thus, health care providers and patients are connected
virtually rather than being in the same place. They may communicate via video conferencing,
email, pictures, or by sending medical data. Doctors provide diagnosis, treatment and counseling.
The interaction may be recorded and passed between patient and doctor or it may be real-time.
Most telemedicine currently occurs in remote areas in industrialized countries, but there is a
growing effort to use it in developing countries. X Even in the urban centers of developing
countries, there may be benefit from connecting virtually with international specialists in
particular fields.

Martinez et al did a study of three telemedicine case studies in rural settings of Latin
America. They noticed that one category of health care facility, called a health post, was most
often located in small towns with no telephone infrastructure or roads. They concluded that
telemedicine does have the potential to improve service in these health posts, but care must be
taken to implement the technology in a manner relevant to the social and economic context. X!

Another way that communication satellites can improve health care is by facilitating the
collection of health related data. This could include environmental data to explain the spread ofa
disease or data recording the provision of health care services. The Onchocerciasis Control
Program is an example of communication satellites transferring environmental data for public
health. Onchocerciasis is also known as river blindness. It is a disease spread by flies that can
ultimately lead to total blindness. It affected most of sub-Saharan Africa until international
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efforts to fight the disease began in the 1970s. The control program was very successful in
reducing the spread of the disease.*V"" As part of the effort to fight the disease, 150 sensors were
placed in rivers. The data from these sensors guided the process of Killing the fly larvae that
spread the disease. Communication satellites played a role by transmitting the sensor data to data
collection centers in real time.

The company Cell-Life provides an example of how data on medical care provision can
improve health. Cell-Life is a non-profit company in South Africa that develops communication
technology to improve the care of HIV/AIDS. South Africa and other Sub-Saharan nations face a
huge AIDS crisis; close to two-thirds of those with the virus are in this region. South Africa has a
national initiative to provide anti-retroviral treatment to those with HIV. The difficulty is that the
drugs must be taken regularly and completely to be effective. If the patient takes less than 95%
of the required doses, the virus could mutate and develop a resistance to the drug. Patients often
need encouragement to stay on their regimen because of the uncomfortable side effects of the
treatment. Because of this issue, medical staff provide accountability for patients by meeting
with them regularly for consultations. The data from these meetings is valuable but cumbersome.
Cell-Life has developed technology based on cell phones to collect data about patient adherence
to their prescription. In this case, the technology is not satellite-based because a cell-based
solution is more cost effective in the urban settings where Cell-Life works. A satellite-based
solution could be appropriate in some settings, however. X"

Using satellites to enable telemedicine or improve health care can help advance the 4"
5" and 6" MDGs. Number 4 is “Reduce child mortality; #5 is “Improve maternal health; #6 is
“Combat HIV/AIDS, malaria and other diseases.”

1.3.1.4.3 Government Services

Rural communities in developing countries often have poor access to government
services. It may be necessary for community members to travel long distances to urban centers in
order to complete routine transactions such as obtaining a birth certificate or registering a deed.
As a result, some community members take long, expensive trips and lose opportunities to earn
income. Others simply miss out on obtaining the government service. In these same communities
it may be difficult to access up to date information about government news or to effectively
express an opinion about government behavior. In recognition of this problem, many have
suggested e-government as a method for improving access to government services. The World
Bank’s Information for Development Program defines e-government as “the use of information
and communications technologies (ICT) to transform government by making it more accessible,
effective and accountable.” ™ They go on to describe three phases of e-government, which are
“publish, interact and transact.”’ Publishing includes making government information available,
for example, on the internet. Interacting refers to providing opportunities for citizens to
participate in public decision making and dialog with their government. Transacting refers to
obtaining government services via telecommunications technology. "

Another area of concern in developing countries is the high level of corruption that
frequently enters into government transactions. Authors Batabyal and Jick Yoo write about
corruption in developing countries. They mention the high frequency of bribes to public officials
and the tendency for people who wait for public goods to give bribes that move them up the
queue." Because e-government activities increase the transparency of transactions, the
methodology has the potential to reduce corruption. '
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Satellite technology can provide the communication infrastructure that will allow rural
communities to participate in e-government activities, even if they live outside of the ground-
based communication infrastructure. In this way, it would advance the 8™ Millennium
Development Goal. The first sub-goal under #8 is as follows, “Develop further an open trading
and financial system that is rule-based, predictable and non-discriminatory, include[ing] a
commitment to good governance, development and poverty reduction — nationally and
internationally.” ™

1.3.1.4.4 Economic Efficiency

Developing country markets can be highly inefficient due to imperfect information. This
means that information about prices does not travel as it should throughout a market, thus there
is the danger of arbitrage pricing. Arbitrage happens when the same products are sold at different
prices in different geographic regions." If there is perfect information, lower prices in one region
cause increased demand. Meanwhile, decreased demand in the high priced region causes prices
to decrease. Ultimately prices are equal in both regions. When communication technology is
used to connect various members of a market, it can reduce the opportunity for arbitrage. This is
beneficial because it means that the most economic welfare will be gained in the market. If
farmers or entrepreneurs are in rural areas in developing countries, the cost of information about
fair market prices is high. They often rely on people to learn prices, and they run the risk of
being cheated by intermediate buyers. ' If they can access the internet or telephone via satellite
or other technology, they can learn what the market prices are. Examples of this benefit come
from the e-Choupal project in India. It allows Indian farmers to access information on market
prices as well as weather and farming practices using rural internet kiosks.""" The same kind of
innovation is used in Kenya. The African Regional Centre for Computing was set up to help
small farmers find correct market prices by internet. " This kind of progress also advances
MDG #8 as discussed above.

1.3.1.5 Overview of Satellite Navigation

Satellite navigation involves the use of satellites and ground receivers to determine
latitude, longitude and altitude. The technology works as follows. Navigation satellites are
equipped with atomic clocks that keep very accurate time. The satellites broadcast their positions
and the time to receivers on the ground. If a receiver can capture signals from at least four
satellites, it can calculate its position in two steps. The first step is to find the distance between
the receiver and each satellite. This is inferred from the time it takes for the signal to travel from
each satellite to the receiver; the receiver knows the rate at which the signal travels and can thus
infer thel_d istance. The second step is to find the point that is the appropriate distance from each
satellite.™

There is one fully operational, global satellite navigation system. It is the US Global
Positioning System (GPS); several other systems exist or are planned. The US GPS is a system
that includes 27 satellites, a series of ground control facilities and receiver units. The
constellation of satellites is complete as long as 24 are operating. With this capacity, the system
can be used anywhere on earth and by spacecraft in low earth orbit.” In May, 2000 the US
government removed a technology called “Selective Availability” from the GPS system.
Previously, the technology had decreased the precision of the GPS signal available for civilian
use. Once this feature was removed, the usefulness of commercial GPS navigation systems
greatly increased.™
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Other satellite constellations used or planned for navigation include Russia’s GLONASS,
Europe’s Galileo, India’s IRNSS and China’s Compass. The GLONASS has not always been
maintained as a fully global constellation, but when it is complete it is very comparable to
GPS.X Europe is in the process of creating the Galileo constellation. The first launch for Galileo
was in 2005. The plan is to have the four satellites required for position determination by 2009.
Ultimately, Galileo will have 30 satellites and cover the entire globe. ™ India plans to deploy its
own regional satellite navigation system. The project was approved in 2006 and will ultimately
include 7 satellites.™™ China is producing the Compass Navigation Satellite system. China
launched four navigation satellites between 2000 and 2007.V

Navigation satellites have many uses including navigation, position and timing. The
navigation application facilitates the operation of cars, planes, ships, and spacecraft. Hikers and
pedestrians can also navigate by satellite. The excellent position measurements enable surveying
and mapping as well as precision farming (to be discussed more below). Meanwhile, the signal
from the atomic clocks is used by banks, cell phone operators and power grids. X!

It should be noted that the standard signals from GPS and GLONASS are not precise
enough for some applications. For example, commercial aircraft could not depend solely on GPS
information. The signal is not precise enough to completely guide take off and landing. To solve
this problem, there are several augmentation systems that work with GPS to improve the
performance of the system. These Augmentations include ground based and satellite-based
systems.™ Two examples are the US satellite-based Wide Area Augmentation System (WAAS)
and the European Geostationary Navigation Overlay Service (EGNOS).V

1.3.1.6 How Satellite Navigation Can Meet Needs in Developing Countries

Satellite navigation is very relevant to developing countries in various ways. A key
benefit of the technology is that the infrastructure is already in place. In fact, there are multiple,
redundant systems currently in operation and more are being planned. A user of satellite
navigation only needs to buy a receiver. Receiver technology is steadily becoming more mature
and affordable. Thus satellite navigation is becoming a cost effective option for areas such as
aviation and wildlife tracking.

1.3.1.6.1 Aviation

Civil aviation in developing countries can be a valuable source of economic growth. In
some countries, aviation is a primary means for tourists to enter the country and stimulate the
economy.X* Unfortunately, civil aviation in developing countries suffers from safety concerns.
The infrastructure that is required to maintain standard air traffic management can be very
expensive. Also expensive are the government operations required to provide adequate safety
oversight. Civil aviation safety is not always a high priority in “poor countries, with massive debt
burden, basic health, sanitation, food and education concerns to address,”™ as explained in a
report of the World Tourism Organization. The WTO goes on to recommend that the air traffic
management technology based on satellite navigation can be more affordable than traditional
g(rxci)und based infrastructure. It is particularly useful in remote airports that are used infrequently.

The European Union recognizes the value of satellite-based aviation navigation in
developing countries. They are working in Africa to demonstrate and spread the use of the
technology. The European Space Agency partnered with the African agency ASECNA (Agency
for the Safety of Aerial Navigation in Africa). They used the EGNOS augmentation system, as
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described above, to increase the precision of the position information provided by GPS. To
demonstrate the effectiveness for aviation navigation, they did a flight across Africa from
Senegal to Kenya in 2005. Ultimately Europe plans to create an extension of EGNOS to cover
the Africa-Indian Ocean region, ™!

The efforts to use satellite navigation for aviation do not directly match any of the
Millennium Development Goals. They do, however, fit the spirit of the goals. Indirectly, they are
part of the solution. Improved aviation safety can lead to a better economy and will help with
goals like “Eradicat[ing] extreme poverty and hunger.”>*

1.3.1.6.2 Wildlife Tracking

Wildlife is a valuable natural resource in many developing countries. As is well known,
many species of wildlife are in danger of going extinct due to human activity. Thus, a key
challenge in many developing countries is managing this precious and fragile resource. Wildlife
management can be facilitated through the use of satellite-based wildlife tracking. GPS receivers
are specially designed to attach to animals without harming them or impeding their movement.
For example, the H.A.B.L.T Research company specializes in making small GPS wildlife
tracking technology.™" Researchers in South Africa used GPS to track the nation’s national
bird, the Blue Crane. The small transmitters were only 3 centimeters by 5 centimeters. ™V

The use of satellite technology for wildlife tracking fits into the 7™ Millennium
Development Goal: “Ensure environmental sustainability.” """

1.3.1.7 Using Satellite Technologies Together

Some satellite applications that can benefit developing countries use more than one
satellite technology at the same time. One example is precision farming. This technique uses
satellite remote sensing data as well as satellite navigation to manage crops. By mapping a farm
with great precision and monitoring the land carefully, the care of the crops can be improved
greatly. This can lead to improved crop yield, which would greatly serve developing countries. A
second example is the care of refugees and displaced persons. On one hand, satellite
navigation helps humanitarian workers travel during crises; meanwhile satellite imagery can help
clarify where needs are and how to provide resources. A third example is disaster relief. The
above section discussed using remote sensing and communications during disasters. Here we
note two international programs that promote this. The International Charter on “Space and
Major Disasters™ is an agreement between several space agencies to provide satellite imagery at
no cost during a disaster. An analogous agreement called the Tampere Convention on
Emergency Telecommunications ensures that communication technology, including satellites,
will be available during disaster relief efforts. It does this by eliminating the regulatory b arriers
that would prevent telecommunication technology from being used. ™V When satellite
communication and remote sensing are combined during disasters, the impact is much greater.

1.3.1.8 Conclusion

This section provided a technical overview of three key types of satellite technology —
remote sensing, communication and navigation. We discussed various problems that impact
developing countries. We went on to show how satellite-based technology has the potential to
address these problems. Also, this section gave examples of specific programs and projects in
which satellite technology is used in developing countries. The next section will provide an
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overview of how satellite technology has been relevant to developing countries since satellites
were invented.

1.3.2 Historical Overview of Satellite Technology for Developing Countries

From the early days of the satellite era, technology pioneers recognized the benefits of
satellites for developing countries. The following section summarizes some of the initiatives that
have provided satellite technology to developing countries. It begins with activities that started in
the 1960s such as INTELSAT and concludes by highlighting more recent projects.

1.3.2.1 INTELSAT and INMARSAT

President Kennedy called for the development of American communication satellite
technology that would serve the needs of developing nations and the world. Specifically, he
urged that the system operate even in unprofitable regions and allow membership ofany country.
In response, Congress passed the Communications Satellite Act in 1962 which led to the creation
of INTELSAT (International Telecommunications Satellite Consortium) in 1964. INTELSAT
began as an intergovernmental organization that operated a global communication satellite
system. Early Bird was the first communications satellite launched for INTELSAT. ™Vil Wwhen
it launched in 1965, Brazil was among the first countries to have communication earth stations to
receive her signals.”** Later in 2001, INTELSAT became a private company overseen by the
member nations through the International Telecommunications Satellite Organization (ITSO)."*
Today 148 countries, including many developing countries, are members of the ITSO and use its
services, "

INTELSAT primarily provides satellite communication services for fixed ground
systems. In 1979, a similar organization was developed to provide mobile satellite
communication, particularly for maritime applications. Thus, INMARSAT was born. ™ |t
followed a similar path as INTELSAT and later became a company overseen by the International
Mobile Satellite Organization.™ ™ In its first year, developing countries such as Argentina,
Brazil, China, and India joined INMARSAT. Many others joined in later years. ™V

1.3.2.2 UN COPUQOS

Since the 1950s, the United Nations has actively pursued what they called the “Peaceful
Uses of Outer Space.”™* They wanted to understand and promote the non-military uses of
space technology that would improve people’s lives. The Committee on the Peaceful Uses of
Outer Space (COPUOS) was established in 1958. The resolution that founded this committee
included the desire that space technology would be to the “benefit of States irrespective of the
state of their economic or scientific development”.™! The Office of Outer Space Affairs
implements the work of the Committee. This work includes the Program on Space Applications
(PSA). The PSA was started in 1971 to “assist people from developing countries in acquiring the
knowledge, skills and practical experience necessary” to use satellite technology. ! The PSA’s
activities include spreading awareness and building capacity in regard to satellite technology.
They work in the following areas: Space Science, Satellite Navigation, Natural Resource
Management, Satellite Communication, and Disaster Management, Vil

1.3.2.3 SatelLife

SatelLife is an organization concerned with the use of information and communication
technology to improve health care in developing countries. The goal of SatelLife is to facilitate
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access to information for health care workers in resource-starved areas. SatelLife offers this
service at no cost. Some of their services include hosting discussion groups, providing
publications, and a tool to retrieve web pages via email. ™

SatelLite started its work with satellite technology. The Surrey Satellite Technology Ltd
company in England built two satellites for the company. HealthSat 1 was launched in 1991, and
HealthSat 2 followed in 1993. Since the satellites were in low earth orbit, not geostationary, they
did not stay constantly over the same location on earth. The technology was a store-and-forward
model. Earth stations collected data such as emails and waited for the satellites to pass before
transmitting and receiving information.**

1.3.2.4 Surrey Satellite Technology Limited

The Surrey Satellite Technology LTD (SSTL) company focuses on the production of
small satellites. They grew out of research at the University of Surrey that dates back to the
1970s. The company opened in 1985. Their business model caters to customers that have not
worked with space technology before. Through their Know How Transfer/Training program,
they sell satellites along with training on how to implement satellite projects. Surrey has worked
with many developing countries including Algeria and Nigeria.**

1.3.2.5 SERVIR

SERVIR is a project that originated in the NASA Marshall Space Flight Center; it was
officially inaugurated in 2005. The goal of the project is to give decision makers in Central
America and Mexico ready access to NASA remote sensing data.*®" It is a partnership between
NASA and the 8 countries in Latin America from Mexico to Panama. The main product of the
program is a web-based portal that offers visualizations of data for the Central American
environment. The data comes from NASA satellites. The applications covered by SERVIR
include disasters, biodiversity, water, weather, climate and energy. NASA implemented the
project first as an experiment at Marshall and then created an operational program headquartered
in Panama and led by the Water Center for the Humid Tropics of Latin America and the
Caribbean.*“"

1.3.3 Developing Country Space Programs

Several dewveloping country governments have pursued their own national space
capabilities for many years. Two of these countries — India and Brazil — are discussed below.

1.3.3.1 India

The Indian space program includes the Indian Space Research Organisation (ISRO)
under the Department of Space as well as several other government agencies that make use of
their space capabilities. India has had an indigenous launch capability since 1980. ISRO also
focuses on satellite-based remote sensing, disaster monitoring, communication and broadcast.
The space program includes a network of ground-based satellite operations centers, data
processing centers, launch sites and research centers*“".

The story of the Indian space program is a remarkable example of a developing country
that sought out and gained competence near the technological frontier in a new field. The space
era began with the launch of the Sputnik satellite in 1957 by the Soviet Union. This led to a
frenzy of activity in several countries that were eager to launch their own satellites. India had
only been independent of British rule since 1947; thus it was remarkable that this young
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democracy also began work to develop a national space program in the 1960s*“". By 1963, the
first sounding rocket was launched from India. In 1967, a satellite telecommunication earth
station was set up to receive NASA satellite data. The Indian Space Research Organization was
founded in 1969. Aryabhata, ISRO’s first Indian satellite was launched in 1975. These
milestones*' demonstrate that India was able to become a space faring nation in a relatively
short amount of time, given the long development time associated with space technology.

India’s work in space technology can be divided into two distinct eras. Between 1962 and
about 1983, most of the projects were experimental or focused on gaining new skills. Starting in
the mid-1980s, India had a more established space program and a better skill set.”*" India has
moved from being a pure importer of space technology to also being an exporter and consultant.
India works with a US company to sell its remote sensing imagery on a commercial basis. They
also sell space hardware components to the US. "

Vikram Sarabhai is a key figure in the history of the Indian space program. He was a
scientist and manager who lead many programs and organizations in India. He served as the first
leader of the Indian space program.*™

1.3.3.2 Brazil

Brazil stands out among Latin American nations for its strong space capabilities. Part of
the motivation for Brazil to pursue space technology is its geography. It is a large country with
many fragile natural resources, such as the rainforest and coastlines. It has many remote regions
with low population density. Brazil has thus pursued capabilities in remote sensing,
communication and navigation.®

Brazil began building space expertise in 1961 with the founding of the National Institute
of Space Research. This institute fostered scientific research and an understanding of the
applications of satellite technology. In 1964, Brazil started a sounding rocket program. Sounding
rockets are research rockets that do not go out of the earth’s atmosphere. The Brazilian
Telecommunications Company, Embratel, manages a number of communication satellites. The
first of these was launched in 1985 by Arianespace of Europe. Starting in 1988, Brazil and China
pursued a joint program in remote sensing. This has led to collaboration on four earth resource
satellites. In 1990, Brazil started operating the Alcantara Launching Center, which is well
positioned for the launch of geostationary satellites. By 1993, Brazil was ready to launch an
indigenously built satellite. Later in 1994, Brazil founded a national space agency that is known
as the AEB. These and other institutions make up Brazil’s national space program.® Brazil is also
the only developing country that is participating in the International Space Station. "

1.3.4 Barriers to the Use of Satellite-Based Technology in Developing
Countries

The previous section outlined a plethora of ways that satellite technology is able to meet
needs in developing countries. Unfortunately, this section did not tell the whole story. Despite
the ripe potential of this family of technologies, there are several barriers that prevent develop ing
countries from making full use of satellites. Some of these barriers are general; others are
specific to the various types of satellite technology. This section explains the barriers that make it
difficult for developing countries to develop their own satellite capability or benefit from
satellite-based technology (SBT).

In general, it is inherent in the definition of developing countries that they have a lower
capacity to use technology than developed countries. With this come several problems that
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impede the indigenous production of SBTs. Within developing countries there may be a lack of
awareness of the benefits of SBTs. Policy makers may not know that satellite technology can
help them reach some of their core goals, such as providing adequate food and education to their
population. Satellites are a highly sophisticated technology and there may not be enough
technical expertise available to pursue it. This lack of expertise may come from a poor education
system that is not able to train enough skilled technical workers. Dewveloping countries are
generally poor and satellite technology is often beyond their budget. Also, designing,
manufacturing and operating satellite technology requires a sound technical infrastructure. This
is sometimes lacking in developing countries.“"

Due to lack of indigenous capability in satellite technology, developing countries often
collaborate with other countries to benefit from the technology. These collaborations can be
useful, but there are several challenges that limit their effectiveness. These challenges will be
discussed for each of the three technology areas, namely, remote sensing, communication and
navigation.

In the area of remote sensing there is the potential for national security constraints,
limitations on technology transfer and an increase in cost due to commercialization. The national
security constraints refer to the prerogative of the data producers to choose not to share the data
for security reasons. Security precautions may also limit the technology that a country shares
with another country. Another limitation on technology transfer is economic considerations. A
country that holds a technology may not have a financial incentive to share it with another
country. They may choose instead to only share scientific data or out-dated technology. Finally,
note that remote sensing is transitioning from being a government-only activity to being a
government and commercial activity. Commercial remote sensing companies tend to charge
more for their imagery and are less likely than governments to aid developing countries. "

In the area of communication technology the scenario is a bit different. The entities
operating satellites are largely multinational commercial entities. The barrier that can impede
access to satellite technology is limiting policy on the part of the host developing country. The
government may limit the companies that are allowed to receive licenses in order to protect a
national telecommunications provider. This reduces competition and increases prices for the
consumer. Groups like the International Development Research Center and the VSAT Forum
have called for more open policies for the use of satellite communication tools. /"'

In the area of navigation the barrier is more of a specter than a current reality. Until the
year 2000, the US government limited the precision of the location information from GPS. The
various governments that own the Global Navigation Satellite Systems have the power to limit
the use of these systems at their discretion. Thus, developing countries that depend on the
systems of other countries are ultimately powerless to ensure the continuing availability of the
resource. "

This section has outlined various policy, technology and financial barriers that limit the
use of satellite technology in developing countries. This leads to the two main goals of the thesis.
One is to better understand how satellite technology is being used in developing countries. The
second is to understand how development level impacts this satellite activity. The first goal will
help developing countries find ways around the barriers that limit the use of satellite-enabled
technology by investigating the current state of the field. The case studies in this research
provide concrete examples of the results of these barriers as well as examples of how some
groups have mitigated the barriers. In this way, this thesis expands our understanding of the ways
developing and industrialized countries are using satellite technology. Beyond this, we explore
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how the level of development in a country relates to its use of satellite-enabled technology. As
will be discussed in the literature review, it has been shown that technology is an important
component in socio-economic growth. In general, countries that are less developed are less adept
at using high technologies like satellites. This study finds quantitative data to probe this theory in
the context of satellite technology. In order to do this, we use data on the use of satellite-
technology as well as data on the development levels of countries.
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2 Literature Review

The following literature review has two major sections. The first section, called “The
Role of Technology in Socioeconomic Development,” draws from economic theory to explain
how technological capability building is a vital part of national development. This section
provides a theoretical grounding for the emphasis in this thesis on technology in a developing
context. The second major section, called “The Use of Satellite Technology in Developing
Countries,” reviews some of the policy literature that articulates the issues and evolution of the
field. After each section, a brief critique is offered to highlight the points in the literature that are
most relevant to this study. The critiques also explain the unique contributions that this thesis
provides to both bodies of literature.

2.1 The Role of Technology in Socioeconomic Development

The following discussion explores several issues related to the role of technology in the
socioeconomic development of less dewveloped countries. The first section explains the
motivation for developing countries to build national technological capability. The following
sections explain the various issues that a developing country encounters when seeking to make
policy that encourages technical capacity building. First, there is the issue of technology choice;
a country needs to decide how to invest in various levels of technology. Second, if a developing
country does not have access to a technology domestically, they can consider options for
technology transfer with other countries. Technology transfer can be very beneficial but there
are many potential pitfalls that can make it ineffective as a vehicle for technological capability
building. Third, a government can facilitate technological capability building by encouraging a
strong National System of Innovation. Fourth, a country needs to establish the capacity for
technical learning, called absorptive capacity. The fifth section explores the range of roles a
government plays in order to facilitate technological capability building.

2.1.1 The Importance of Technological Capability Building

Technological capability building is a key to national socio-economic development.
Robert Solow, Nobel Prize winner in Economics, demonstrates that technology plays a pivotal
role in economic development.©!! This is not to say that technology always has positive impacts,
but it has become widely understood that mastery of technology is a key step toward economic
development. Cohen defines technology as “a set of specialized knowledge applied to achieving
a practical purpose”.“* Cohen goes on to categorize technology into five main forms, as follows:
1) theoretical and practical understanding of how to do things; 2) objects, good or tools; 3)
installed techniques of production or processes; 4) skills and abilities of workers; and 5)
organizational framework and managerial systems.®* In this study, all five forms of technology
are relevant. Technological capability building is working intentionally to increase effectiveness
or activity in each of these five areas. Hug summarizes the motivation for developing countries
to pursue technical capability, saying, “Competitiveness and long-term growth are achieved
through efficient technology management, innovation and technological progress.”®' He goes on
to say that “the importance of building technological capability in developing countries and the
significance of the role the state plays...cannot...be over-emphasized.”™" With this motivation
in mind, the next sections discuss the challenges of pursuing technological capability building.
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2.1.2 Technology Choice

Once a developing country chooses to invest in technological capability building, a
fundamental question remains. What level of technology should the country pursue? Developing
countries are, by definition, less advanced in technology than industrialized countries. Should
developing countries try to gain skills in the advanced technology used by industrialized
countries? Or should they instead invest in technology that is more “appropriate” to their stage of
development?

Author Roy Grieve provides an historical overview of the changes in expert
recommendations on this subject of technology choice.“" Grieve explains that in the 1960s and
1970s, development economists recommended that developing countries pursue “appropriate”
technology that was highly labor intensive. A major problem of the time for developing countries
was the lack of employment opportunity. Economists thus recommended that developing
countries should invest in low-capital, labor intensive techniques wherever possible. This
recommendation extended to large, medium and small scale enterprises. As Grieve summarizes,
“The neoclassical appropriate technology strategy thus recommended that developing countries
seek to achieve industrialization and build up their manufacturing capabilities on a different
technological basis from that of the already advanced countries.”®™" The problem with this
recommendation was that the low-capital, labor intensive technical option was not always readily
available, even though theory suggested that it would be more beneficial. Thus, this neoclassical
dream failed to lead to widespread improvement for developing countries.

In contrast to the neoclassical mantra of labor intensive technology, current development
economics encourages developing countries to do their best to implement the same kind of
technology that is used in industrialized countries. Indeed, as Grieve explains, “The
recommended objective is to achieve a firm grasp of modern technology, learn from it, and on
this basis, seek to develop innovation and technological capabilities.”" The examples of several
Asian countries, such as South Korea, show that a developing country can accomplish great
economic growth by focusing on learning the technology used in more developed countries.
Grieve thus concludes that the goal of developing countries should be “to leapfrog and narrow
the technology gap or ‘catch up’ on the ‘best practice’ in advanced countries.”"!

It should be noted, however that there is yet a third option. Starting in the 1970s and
continuing through the turn of the century, another kind of appropriate technology movement
developed in parallel with the recognition of the need for catch up. As Grieve explains, Dr. E.
Schumacher is known as the father of the movement due to his seminal work called Small is
Beautiful.®"" This take on appropriate technology assumes that the efforts of developing
countries to use technology will be dualistic. On one hand, developing countries will pursue the
modern technology used by industrialized countries, particularly in urban centers. At the same
time, to combat the problems of unemployment and to serve rural areas, countries should find
ways to use “intermediate technology”. Intermediate technology is characterized as labor
intensive, suitable for small scale work and accessible to the context. Included in the idea of
accessibility is that the technology is achievable given the financial and educational constraints
of dewveloping countries. The goal is not to limit innovation, but to use it creatively to find
accessible ways to solve problems. Grieve concludes that this application of appropriate
technology is basically successful and helpful but should be used in addition to, not instead of,
the pursuit of advanced technology. "
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2.1.3 Technology Transfer

When developing countries do not have access to technology locally, they can seek to
gain access to it from another country that has the technology. As discussed above, technology
transfer can be a potential source of leap-frogging, but this is not automatic. According to Cohen,
the success of technology transfer depends heavily on the initial technological capability of the
recipient country.®"™ Drawing on work by Bhalla, Cohen categorizes the world into three groups,
“Technology leaders: the United States, Japan; Technology followers: other OECD countries;
Technology borrowers: developing countries”. Cohen finds that there is a cost associated with
technology transfer and that this cost is higher if the countries involved are not in the same
group, as defined above.“*

Technology transfer may occur in a variety of ways, as outlined by Cohen. These include
purchasing or licensing agreements, working with foreign experts, the presence of multi- national
corporations in a developing country, training of workers in a developed country, creating
institutions to facilitate technology transfer, or creating educational institutions. “*' Cohen goes
on to define a series of steps that a recipient country passes through during technology transfer.
These stages are technology “assessment and selection, acquisition, adaptation, absorption and
assimilation, diffusion, and development”. These concepts bring together several of the other
sections of this discussion. The assessment and selection stages relate to technology choice
questions. The adaptation, absorption, and assimilation stages related to the sections below on
National Innovation Systems and Absorptive Capacity.

Cohen’s work explained what technology transfer is and how it can happen. Grieve’s
work, above, introduced the concept of leap-frogging, or using technology transfer to jump to a
more advanced technology without going through the conventional, historical progression of
learning and invention. But does leap-frogging really work? Gallagher, in her study on the
potential for leap-frogging in the Chinese automobile industry, explains both the benefits and
complications of leap-frogging through technology transfer. While the idea “captured the
imaginations of innumerable scholars, students, and even some in the private sector,” leap-
frogging does not work automatically. Gallagher found that the effectiveness of leap-frogging is
limited by three key areas: “l) un-strategic and inconsistent policies, 2) weak domestic
technological capabilities, and 3) an apparent unwillingness of more advanced ...firms to
transfer ...more efficient technologies beyond those simply required by the standards.”“*" In
other words, even if advanced technology is available, the developing country may not benefit
from it without specific ingredients. These ingredients will be discussed more in the section on
absorptive capacity and National Innovation Systems below. These topics help address the
apparent paradox that a developing country that wants to build technological capability must
have technological capability. The sections below explain how a country can put itself in a good
position to build technological capability through strong institutions and research.

2.1.4 National Innovation System

The institutional organization that facilitates technological capability building is the
National Innovation System (NIS). The NIS framework provides a method by which to analyze
the set of institutions concerned with science and technology and the interactions between those
institutions. We can thus understand the ability of a nation to innovate, or build technological
capability. Such institutions may include universities, firms, research agencies, administrative
agencies, financial agencies and consumers. Some of the early studies based on this method were
done in the 1980s by Freeman®*"', Lundvall®*" and Nelson®*.
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Sharif®*"" gives an overview of the development of the method. The NIS concept was
developed partly in academia and partly in policy. As a result it is not a formal academic model,
and may not necessarily be used to make predictions about the success of an NIS. It can be used,
however, to describe systems and give useful policy insight. With regard to applying the
framework, Sharif notes several cautions. The concept is very flexible and can be applied at
different levels of analysis (national, regional, sectoral, etc). This does not mean it is always
appropriate to apply it at these levels, however. One must consider how national sovereignty,
cultural norms or globalization affect the analysis. Finally, there is disagreement as to whether
every country has an NIS. Some contend that certain minimum requirements must be met while
others argue that a system can always be defined, even if it is very poor.

Metcalfe®"" and Ramlogan used the NIS framework to examine innovation in
developing countries. They offer some issues that arise when applying the framework to
developing countries. First, one must be careful with the unit of analysis. When analyzing an
activity that appears to be contained in a developing country, one should be aware that it may be
connected to activities in other nations through global value chains or technical cooperation
agreements. Because developing countries may have limited technology and expertise, they can
be constrained to depend upon resources from other countries. Second, innovation can
sometimes be taken to mean only invention of new technology. In the developing country
context, however, innovation may come through imitation or technology transfer.

2.1.5 Absorptive Capacity

The ability to assimilate technology is known in literature as absorptive capacity. The
concept of absorptive capacity was defined by three seminal papers written by Cohen and
Levinthal in 1989, 1990 and 1994**. They argued that a firm’s ability to use technobgy
from outside sources is influenced by internal research and development®'. They are viewed as
the fathers of the concept, although they were not the first to make such an observation. Lane and
Koka®™" reviewed the literature on absorptive capacity in 2006 and created a synthesized
definition of the term based on all three seminal papers. From this synthesized definition several
key ideas can be gleaned. First, a firm increases its capacity to learn about science and
technology by doing research and development (R&D). Second, the overall organization will
have better absorptive capacity if individuals are well informed and are also able to effectively
communicate with other parts of the organization. Thirdly, there is a time component in
absorptive capacity. It not only matters that firms can see what technology is currently relevant,
but they also need to see what may be relevant in the future. Absorptive capacity thus includes a
firm’s ability to correctly understand the direction of technical change and make plans
accordingly that will increase their profit.

This study uses the concept of absorptive capacity in a developing country context. Work
by Lorentzen® " provides a precedent showing that the framework is appropriate when applied
to a developing country. This paper uses data from the South African automotive component
supplier industry and evaluates the validity of the absorptive capacity assumptions. Lorentzen
divides the 25 firms of the study into four categories, “innovators, followers, mandate executers,
cliff hangers”. The overall behavior of these various groups does show consistency with the
absorptive capacity model. The most successful group, the innovators, have high absorptive
capacities. These firms invest highly in advanced technical training for their employees and have
knowledge close to or on the technological frontier. At the other end of the spectrum are cliff
hangers. These firms produce goods of decent quality but do not have an in-depth technical
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knowledge of the processes they follow. They rely heavily on their parent multinational
corporation for technical direction. Lorentzen’s work shows that the absorptive capacity concept
can be used appropriately in a developing country context.

2.1.6 The Role of Government in Facilitating Technological Capability

Building

The previous sections have developed the argument that it is vital for developing
countries to build technological capability. They should seek to gain competence in the
technologies used by industrialized countries. One way to achieve this is through technology
transfer, in all of its various forms. Technology transfer is more likely to be successful if a
country has a strong National Innovation System and absorptive capacity. Given all this, what is
the role of government in promoting technological capability building? How can governments
build absorptive capacity and strengthen the NIS? What activities should be performed by
governments as opposed to the private sector?

There are a number of ways that governments contribute to technological capability
building. Some of them are generally accepted as appropriate and necessary government
activities, while some are more controversial. Each of these two categories of technology policy
will be discussed below. Please note that this section is focused on what roles governments
should take on. It does not provide complete answers for how governments should best
accomplish these roles.

2.1.6.1 Points of Agreement on Government Roles

In his book The Creation of Technological Capability in Developing Countries®*", J. L.
Enos recommends a three-prong policy approach by which governments can facilitate industrial
technological capability building. The points he outlines are generally not contested in literature.
The three points are 1) The Nurturing of Skills, 2) The Creation of Organizations, and 3) The
Instilling of Purpose. In the discussion on the Nurturing of Skills, Enos focuses on education
policy. The author’s main recommendations are to ensure universal primary education, to
prioritize medium level technical or vocational training, and — at the university level — to put
more emphasis on improving the technical fields than on the humanities. In the section on the
Creation of Organizations, Enos recommends the creation of organizations that serve different
purposes. Some provide various levels of technical training, some advance and disseminate
technical knowledge and some improve productive efficiency. Together they facilitate the
increase of technical capability. Finally, when considering the Instilling of Purpose, Enos points
out that the coordination of activities and the manner in which information flows within an
organization are key determinants of the group’s sense of purpose. In summary, Enos suggests
that governments should be concerned with providing education, creating appropriate
organizations within the NIS — such as research institutions — and, ensuring coordination within
the NIS.

Singh® provides insight on the role of government in providing funds for research. He
gives an historical overview of the government funding profiles of the industrialized countries
including US, Japan and Europe. According to Singh, in the US the majority of research funding
came from the government, not from private entities, in the period after World War I1. Since that
time, the trend has gradually reversed so that private funding is greater. Japan and Europe had a
consistently lower level of research funding from government than private sources. Despite these
trends, however, federal research funding was significant and helpful. Singh makes the point that
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even as federal research support decreased, federal policies still encourage research. Tactics such
as tax concessions, public-private partnerships, and subsidies are growing in importance.

Another area in which governments contribute to technological capability building is by
providing sound infrastructure. The United Nations’ Task Force on Science, Technology and
Innovation prepared a report entitled Innovation: Applying Knowledge in Development. One of
the sections of the report outlines the benefits that come when developing country governments
invest in infrastructure. On one hand, the infrastructure serves to facilitate the activities of firms
and society in general. On the other hand, the process of creating infrastructure is an opportunity
for countries to build technical capability. The report encourages governments to look at
infrastructure projects as learning opportunities for domestic governments and firms.
Infrastructure includes energy systems, communication, water, sanitation and even research
facilities. The report notes that the lack of adequate infrastructure in developing countries is a
barrier to growth in many countries. "'

Governments also influence technological capability building through trade policy.
Salvatore provides an historical overview of trade policy in developing countries since the 1950s.
He shows how initially many developing countries tried to establish a strong industrial base by
closing their countries to imports. They sought to manufacture many of the items they had been
importing. They minimized imports through quotas and tariffs. Later in the 1970s and continuing
into the 1990s, countries gradually recognized that these import-substitution policies did not lead
to economic growth. Consequently, instead of closing their economies, they began to liberalize
their economies to allow more trade. “**¥" Government policies can encourage access to foreign
technology by reducing barriers to trade and creating favorable conditions for foreign
investment.

The final element of government policy that is generally agreed upon as an appropriate
role for government in encouraging technological capability building is macroeconomic policy.
Bird describes the three facets of macroeconomic policy in his paper “Conducting
Macroeconomic Policy in Developing Countries: Piece of Cake or Mission Impossible?”
Macroeconomic policy includes monetary policy, fiscal policy and exchange rate policy.
Governments can use these instruments to create an economic environment that is stable enough
to encourage investment in technical learning and innovation. Developing countries face
particular challenges in using these instruments, however. Bird recommends “that developing
countries need to focus on long-term structural change aimed at reducing their vulnerability to
external shocks and creating an economic environment which allows traditional measures of
macroeconomic policy to work better,” V"

2.1.6.2 Point of Contention on Government Roles

The main of area of contention about the role of government in technology policy is the
question of whether the government should purposely try to promote specific sectors within the
economy. Such tactics are often called industrial policy. Returning to Grieve’s paper, we see that
there are experts on both sides of the argument. Some urge that governments should create an
environment that fosters innovation but not intervene directly. Others point to success stories in
Asia as proof that government intervention is good. Such intervention can come in the form of
building infrastructure to support a specific sector or licensing more foreign technology in a
certain area. Grieve does not try to settle the dispute; he only explains the posture of each
Side.CXXXIX
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It should be noted here that neither side of the industrial policy argument is suggesting
that the government should be a dominant player in the market. Both sides are assuming a
generally free market economy with few state owned enterprises. This is worth mentioning
because of the history of developing countries. Between the 1950s and the 1980s, when many
developing countries engaged in limited trade as discussed above, there was also a trend toward
strong nationalization and a heavy public presence in the economy. Some developing countries
are still Iin the process of privatizing their major industries, but most started the effort in the
1980s.%

2.2 Critique of Literature

The above discussion is included in this study in order to provide a broad background on
the relationship between technology and developing countries. The motivation of this work is a
desire to understand and improve the use of satellite-based technology in developing countries.
We can now argue that the use of such technology to meet needs in developing countries is
appropriate. Not only can it solve problems, it is also part of their process of building
technological capability. We can further argue that it is in the best interest of developing
countries to progressively improve their understanding of satellite technology when they use it.
From the discussion above, it is clear that more benefit will come to developing countries if they
master and produce satellite technology than if they just benefit from its services. This principle
is implicit in the methods and arguments used throughout this study. The same principle is also
voiced in a paper by the United Nations in 1988,

Some elements of the literature reviewed above do not apply directly to the study of
satellite-technology in developing countries. The literature argues that technological capability
building can be part of the process that leads to socio-economic development. While this is true,
it will not be directly measured in this study. We will not demonstrate with data that b uilding
technological capability in satellite technology directly leads to socio-economic development.
Rather, we use data on satellite usage and data on development level and ask if there is any
statistical relationship between the two. This is partly to learn whether countries that are less
developed tend to be excluded from the benefits of satellite technology. At the same time, we
show whether countries that are more developed tend to benefit more.

It should be noted that much of the reviewed literature focuses on the firm as the central
user of technology. This is true in the discussions above on absorptive capacity, on technology
transfer and on the role of government. When dealing with satellites, the firm is not always the
central player. Often satellite projects are funded by governments or by partnerships between
governments and private entities. Current remote sensing satellites are sponsored by both
governments and companies. The data they produce is bought and sold across public and private
boundaries. The current satellite navigation systems are utilities owned by governments and used
freely by everyone. Meanwhile, the ground equipment to access navigation satellites has spurred
a major industry. Communication satellites are launched by governments and private entities.
The original government communication organizations, like INTELSAT, are now operating
commercially. In short, it is difficult to tie satellite technology to either the government or the
commercial sector. In some aspects, satellites are a form of infrastructure that is best provided by
government. But satellites can also be capital investments for commercial ventures. No attempt
is made in this thesis to specify whether the use of satellite technology in developing countries
should be a government or commercial activity. Instead we gather data about specific projects
and learn about what kind of organizations are involved. There is a focus on government activity
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in several aspects of our data collection, however. The national Space Participation Metric data
and the Space Program Case Studies primarily cover government activities.

As mentioned above, most of the literature on technology as a tool for development
assumes the centrality of the firm. Here we identify a gap in the literature that we will help to fill.
There is little discussion of technology transfer involving government entities, yet many of the
project case studies found in this study are examples of this. Meanwhile, absorptive capacity is
defined for firms, but could potentially be relevant for government programs as well. While we
cannot blindly apply the findings discussed above on technology transfer, absorptive capacity or
the role of government, the basic concepts in this segment of the literature review are valuable.

To summarize, this thesis does build on the foundations from the literature presented
above. Technological capability building is a key step to development. From the discussion on
technology choice, it is clear that developing countries should pursue competence in advanced
technology like satellites. Further, they can gain this competence partly through technology
transfer. The transfer process will be more successful if the country has a strong NIS and has
organizations with good absorptive capacity. The role of government in this area includes
investing in education, building basic infrastructure, making policies that encourage access to
new technology and even investing directly in and operating satellite technology itself.

2.3 The Use of Satellite Technology in Developing Countries

There is a body of literature on the use of satellite technology in developing countries.
Relevant publications include conference proceedings, workshop reports, news reports, agency
reports and scholarly articles. This section provides an overview of some of these publication
sources and the information they provide. In addition, we explain the gap filled by this research.

One of the main sources is work by the United Nations Office of Outer Space Affairs in
partnership with organizations such as the International Astronautical Federation (IAF) and the
European Space Agency. The UN holds a variety of types of workshops relating to satellite
technology in developing countries. Some workshops provide training in specific topics such as
satellite-aided search and rescue. Others give information about the current status of projects ina
particular area. One specific example is the series put on as part of the Programme on Space
Applications. The UN has hosted many workshops since 1998 to educate stakeholders about the
benefits of satellite technology for developing countries. Summary reports from these workshops
are available online. X'

As an example we summarize here the report on the UN/International Academy of
Astronautics Workshop on Small Satellites in the Service of Developing countries held in
Valencia Spain in 2006 as part of the International Astronautical Congress. "' The workshop
grew out of recommendations made at the Third United Nations Conference on the Exploration
and Peaceful Uses of Outer Space (UNISPACE III) in 1999. At UNISPACE III, it was
recommended that developing countries should seek to build and operate small satellites as a
way to develop domestic industry for space technology. Small satellites were seen as particularly
appropriate to meet needs in developing countries because they are cheaper, faster to build and
less complex than larger satellite missions. The workshop included four presentations from
speakers representing the French Space Agency, Surrey Satellite Technology Limited (SSTL),
South Africa and Indonesia. The French speaker described an example of a small satellite bus
platform and explained how it could be used in the context of developing countries. The speaker
from SSTL described the international collaboration in the Disaster Monitoring Constellation, an
effort that includes several developing countries. The speaker from South Africa talked about
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progress in the African Resource Management constellation project. Indonesia discussed satellite
activities in both their country and Malaysia. As can be seen, such workshops are helpful for
providing examples of satellite projects in developing countries. They do not, however, provide
an overview of the technical community or analysis about trends. This thesis adds to the
literature by filling these gaps.

In addition to the United Nations Office of Outer Space Affairs, other agencies provide
publications that give insight into the use of satellites in developing countries. The International
Telecommunications Union (ITU), for example, produces reports such as “ICT and
Telecommunications in the Least Developed Countries — Mid-Term Review for the Decade
2001-2010.”*V | TU reports like this provide a broad overview of trends in communication
technology, but do not focus on satellite communications specifically. Also, the publications of
the Global VSAT Forum (GVF) provide useful insight into regulatory issues surrounding the use
of satellite technology for communications. The GVF is a professional association of companies
involved in the fixed satellite communication industry. Their annual report from 2001 highlights
the progress made in the deregulation of the VSAT industry in Africa, Asia and the Americas. extv
Many countries have had a monopolistic satellite communication industry; the monopoly was
often held by a state owned entity. The GVF lobbies governments to lower barriers to
competition and provide licenses to more VSAT companies. This ultimately leads to lower
prices for the consumers.

We turn now to scholarly publications on the topic of satellite technology for use in
developing countries. A number of papers have described specific projects or satellite missions.
This review focuses not on these types of papers, but on more general papers that have grappled
with the topic at a high level. The papers are discussed in chronological order, where appropriate.

In 1983, Bhavsar wrote an article entitled “Earth Survey Satellites and Cooperative
Programmes,” which provided an overview of international cooperation in the first twenty years
of satellite remote sensing.®"' The author was from the Space Applications Centre of the Indian
Space Research Organisation. Overall, the article shows that in the 1960s most collaboration in
remote sensing was bilateral partnership between the United States and other countries. By the
1980s, more countries had developed remote sensing capability and multilateral collaboration
had become more common. A major turning point in this process was the first United Nations
Conference on the Exploration and Peaceful Uses of Outer Space in 1968. This meeting “played
an important role in creating world wide awareness about the peaceful uses of space.” ™ In
1970, the author was part of a team asked by the United Nations to produce a report
recommending ways to increase participation of developing countries in satellite remote sensing
collaborations. As part of the project, the author visited Argentina, Brazil, France, Indonesia,
Iran, Japan, the United Kingdom, the United States and the Soviet Union to learn about their
satellite remote sensing programs. With this experience, they recommended that developing
countries may be more likely to join partnerships if they are facilitated by neutral, multilateral
organizations such as the UN. They specifically recommended that funding be made available to
support travel, new organizations and projects in developing countries.

In a 1988 article, Kingwell wrote about the potential dangers for developing countries if
the current space faring nations started to use Data Relay Satellites to transmit remote sensing
data from satellites to centralized earth stations. " Kingwell contrasted two scenarios. The first
was the status quo. In this case, most remote sensing satellites were in Low Earth Orbit (LEO)
and transmitted their data to earth stations when they passed over them. If a developing country
wanted to receive satellite data about its region that was produced by another country’s satellite,
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they could buy or request the right to receive the data directly from the satellite. In this way, they
did not have to depend on the country that owned the satellite to send the data to them later. The
second scenario that Kingwell feared was as follows. Space faring nations use geosynchronous
data relay satellites to send earth remote sensing data from LEO satellites to central data
collection stations in the home country of the satellites. In this second scenario, if a developing
country wants to have access to the data, they get it later from the home country. The potential
disadvantages of this scenario for developing countries are given. First, they may have less
timely access to the data. Second, they may receive data that is processed in a way that is not
relevant to their physical circumstances. Third, it reduces the opportunity for developing
countries to maintain or build skills in processing raw satellite data. The author recommended
that if Data Relay Satellites were used, satellite owners should also continue to allow direct
downlink of data to earth stations in other countries.

In 1988 Abiodun et al wrote an article in the journal Space Policy called “Development
of Indigenous Capability in Remote Sensing.”™ Abiodun was the UN Expert on Space
Applications, but wrote in an unofficial capacity. The paper encouraged developing countries to
pursue capability in remote sensing, but warned that they too frequently limited themselves to
using applications of the technology. Rather, they should seek to understand the technology at a
fundamental level and seek to build indigenous capability. The paper mentioned that many
partnerships between developing countries and industrialized countries in remote sensing
provided the opportunity for technology transfer. The warning was that such transfer can not
succeed unless the recipient country is prepared to learn about the new technology. The paper
suggested that developing countries seek to build research capability and supportive institutions.
Abiodun goes on to describe the activities of the United Nations Programme on Space
Applications as a partial solution to address these issues. Part of the work of the PSA included
creating Regional Space Science and Technology Centres to equip developing countries with
better skills in the field. With its focus on the need for in-depth technical understanding and
research capability, the paper echoed the ideas presented above about building a strong NIS and
increasing absorptive capacity in order to facilitate technology transfer. Another benefit of the
paper is that it introduced the United Nations Principles of Remote Sensing. These principles
were developed in 1986 to provide guidance for the legal and political issues surrounding remote
sensing. The authors recalled that the Principles encouraged countries with remote sensing
capability to share their data openly with the countries they observed. This provides a foundation
for international cooperation in remote sensing.

Codding wrote an article in 1989 focused on issues in satellite communications for
developing countries." Codding considered the state of INTELSAT as it faced new sources of
competition including INMARSAT, under sea cables and regional satellite organizations.
Codding presented the concern that INTELSAT could respond to such competition by changing
its pricing to the detriment of developing countries. Codding particularly suggested that
developing countries would lack access to domestic satellite communications. As a solution,
Codding recommended that the ITU lead the formation of a global satellite communication
system dedicated to domestic satellite communication for developing countries. The system
would be called Glodom. Codding discussed the history of RASCOM and used it as a model for
the formation of Glodom. RASCOM is the Regional African Satellite Communication
Organization.

Consider the next set of three papers and the trends they reveal. Rao and Bhavan wrote in
1993 and provided an overview of satellite activity in developing countries in communication,
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education, remote sensing, disaster management and space science. Their main argument was
that satellite technology could help developing countries but that most were not involved with
the technology. Rao and Bhavan highlighted the activities of China and India in satellite
technology as excellent, but exceptional. They closed with recommendations on how
international assistance could be mobilized to get more developing countries involved with space
technology.® In 1993, Hubert George wrote a much more optimistic article called “Remote
Sensing of Earth Resources: Emerging Opportunities for Developing Countries.”" At this time,
George was seeing changes in the technical and political systems that influenced the use of
satellite remote sensing technology in developing countries. Specifically, George mentioned five
trends that could increase access to remote sensing technology for developing countries. First,
the technology of remote sensing and the computation that supports it were improving, making it
more affordable and easier to use. Second, the global community was paying more attention to
environmental issues, thus prioritizing the need for earth observation data. Third, the cost of
satellite missions was decreasing as smaller, less expensive satellites were becoming more
capable. Fourth, more government and commercial entities were producing remote sensing data;
this led to more options and potentially better prices for data consumers. Fifth, there was an
increase in international efforts to coordinate earth observation data and to include developing
countries. This was evidenced by the activities of specific international organizations. The third
paper in this series, written in 2003 by Othman, is called “Small Satellites for the Benefit of
Developing Countries.”" Othman repeated some of the optimism of George and emphasized
that it was feasible for many developing countries to pursue indigenous capability in satellite
technology by investing in small satellites. Othman made the point that this was one of the major
recommendations of the third United Nations Conference on the Exploration and Peaceful Uses
of Outer Space in Vienna in 1999, as described above. He provided the example of the successful
development of the SunSat spacecraft in a South African university. In addition, Othman
mentioned examples of small satellite projects in Mexico, Peru, Brazil, Argentina and Chile. A
brief look at these three articles shows an apparent increase in the participation of developing
countries in satellite remote sensing technology between 1993 and 2003. Several helpful
technology and policy changes eased access to the technology.

The paper by Barker, Barnes and Price from 1996 provided some technical insight into
the design of communication satellites that is most appropriate for developing countries.c""
Specifically, the authors suggested several design features that could make communication
satellites more affordable while still meeting the needs of developing countries. One example
was the operational frequency band. The authors advised the use of the lowest frequency that
would still meet the users’ needs. A mix of lower and higher frequencies could be used to
enhance performance. Also, the authors noted that it was generally advisable to have satellites
send their data directly to earth stations rather than linking with other satellites first. Ultimately,
the authors gave practical advice to decision makers in developing countries that want to pursue
cost effective satellite technology.

Also noteworthy is a paper by Neumann from 2006.°" It discussed implications from
space law on the use of satellite technology for developing countries. Neumann opened by
questioning whether developing countries have any right to benefit from satellite
communications based on international law. As part of the background of the paper, Neumann
acknowledged the existence of a digital divide between developed and developing nations.
Satellite technology was identified as one appropriate tool to reduce this divide. Neumann then
analyzed five specific areas to see what rights were provided by international law for developing
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countries in this arena. Neumann used international agreements and treaties such as the Outer
Space Treaty to draw five conclusions. The conclusions are as follows. First, developing
countries have a right to use the geostationary orbits and communications frequencies assigned
to them as part of international negotiations. Second, there is no specific right of developing
countries to receive technology that is transferred from developed countries. Stated another way,
developed countries are under no obligation to transfer technology to developing countries.
Third, developing countries working with INTELSAT do have a right to ensure continuity of
service. This right was established by contractual agreement when Intelsat was privatized.
International law has no bearing on this, however. Fourth, developing countries do have a right
to provide universal telecommunications service to their citizens even if this requires non-
competitive practices. Fifth, while international law encourages collaboration between nations,
there is no clear right of developing countries to benefit from collaborations with developed
countries. In general, Neumann’s analysis shows that nothing bars developing countries from
using satellite technology; however, nothing in international law guarantees that developing
countries will receive assistance from other nations.

2.4 Critique of Literature

What does this review of literature on the use of satellite technology in developing
countries reveal? What knowledge is already established in the field and what remains to be
researched? Several themes stand out and will be expanded upon here. To begin, note that the
satellite community recognized from its early days that there was potential to meet the needs of
developing countries with this technology. Conferences held by the United Nations and others
gathered and recorded the knowledge of this potential. Also, from the early days of the space era,
there was controversy about how to ensure that all countries would benefit from access to space.
The controversy was rooted in concerns about security, intellectual property and political
ideology. Another theme that echoed in several papers was that developing countries needed
access to technology from developed countries in order to use satellites. There was also a gradual
historical progress toward increasing activity of developing countries with satellite technology.
Whereas older papers complained that only a few developing countries had any space projects,
later papers were excited to explain that the technology was becoming more accessible to more
countries. This increase is partly due to the emphasis on small satellites for developing countries.
It should be noted here, though, that such “small” satellites can not be used for geosynchronous
communication or weather missions. They are very well suited for non-real time remote sensing
missions, however.

Consider now the style and methodology of the literature in this field. Most papers are
written based on the experience of the authors, not based on verifiable data. A few papers
provide examples case studies, but the number of case studies is very limited. The papers are
useful to provide a qualitative understanding of the needs, issues and trends in the field. They are
not, however, rigorous research papers in which questions are answered using quantitative
methods. One reason why the papers are so qualitative in nature is that it is difficult to gather
accurate data about the use of technology in developing countries. This thesis, therefore, is
making a great contribution to the literature on satellite technology in developing countries. This
study brings together copious data about space projects and programs in developing countries.
The data is used in statistical tests to create new information. Note also that the results of this
thesis inform about the relationship between development and space activity. This is valuable
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because it tests, for the first time, the assumptions and theories that undergird many papers about
satellite technology in developing countries.
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3 Data and Analysis Methods

The following section provides an overview of the analysis used in this study to answer
the three research questions. The first section introduces the research questions and briefly
summarizes the methods used to answer them. The next section provides more detail regarding
the data sources used in the analysis. The last section discusses each research question in turn
and shows how specific data sets are analyzed to answer them.

3.1 Summary of Research Questions and Methodology

This thesis is built around three research questions that seek the connection between

space activity and development level in developing countries. The questions are as follows.

1) How does national development level relate to national space activity?

2) What Mission and Management Architectures are developing countries using to apply
satellite-based technology to national needs?

3) How does national development level influence the Mission and Management Architectures
used by developing countries in satellite-based technology projects?

Statistical analysis with quantitative data is used to answer these questions. Question 1
uses Chi-Squared analysis to measure whether there is a statistically significant difference in
national space activity between countries at different development levels. Question 2 uses a large
collection of case studies to understand the trends in accomplishment and implementation for
specific space projects in Africa. Question 3 draws on the trends identified in Question 2. It uses
statistical analysis to find whether there is a difference in space project activity between African
countries at different development levels.

Note that the three research questions build on each other while providing different levels
and scope for analysis. The first question considers space activity very generally, but includes all
sovereign nations in the world. The second question zooms in geographically to focus only on
African countries. This allows for a more detailed study of specific space activities. Question 2 is
exploratory. The data is observed, categorized and organized in an effort to learn new
information. Question 3 takes the observation a step further. While still considering specific
space projects in Africa, it uses statistical analysis to concretize the observations in Question 2.
Although the analysis does not completely answer the research questions, together the work
provides strong evidence about the relationship between national development level and space
activity. Complementing all of this quantitative data is a set of in person interviews with
representatives of 30 African countries. These conversations provide valuable context for this
entire analysis.

3.2 Overview of Data Sources

The next section explains the motivation and collection of the five major data sources in
this research.

3.2.1 Development Indicators

As discussed earlier, one of the main goals of this project is to understand how national
development level influences the use of satellite-based technology. In order to investigate this
guantitatively, a method to quantify development is needed. There is no need for the author to
derive a metric for development because many specialized agencies have created such indices.
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Examples include the Global Competitiveness Report of the World Economic Forum®“' and the
World Bank’s World Development Indicators“". While many data sources could be used with
equal benefit, this study relies mainly on the Human Development Report by the United Nations
Development Program.®™™ The Human Development Report is an annual summary of key
development indicators for nations around the world. It is created based on the philosophy that
development is “expanding the choices people have to lead lives that they value.” ™ Part of the
goal of the report is to consider indicators beyond economic data to measure development.

The Human Development dataset is chosen for several reasons. First, it strives to provide
data for every country in the world. This gives a total of 177 countries for this collection.
Second, it provides a multi- faceted approach to measuring development. It provides statistics for
many areas of life, from health to education to finances to equality. Third, it makes the statistics
for each country available in a convenient format for independent analysis. Fourth, it includes an
aggregate measurement of development called the Human Development Index (HDI). The 2006
version of the Human Development Report is the source used in this study. It was the latest
version available at the time this analysis was initiated.

The Human Development report includes a huge set of data with many development
indicators. Six specific indicators were chosen to be used in several stages of this analysis. They
are listed below.

Human Development Index

Human Development Level

Gross Domestic Product (GDP), in billions 0f 2004 US dollars

Gross Domestic Product per Capita, with Purchasing Power Parity®™ in 2004 US
dollars

Public Education Expenditure as a percentage of GDP

Internet users (per 1000 people)

7. Cellular Subscribers (per 1000 people)

NS

2

As discussed above, the Human Development Index is a composite indicator created by
the authors of the Human Development Report. This index is one number — between zero and
one — that combines several statistics in the report to describe a country’s development level
This provides a convenient way to compare the development level of all countries. Specifically,
the HDI considers the average status for four indicators — life expectancy at birth, adult literacy
rate, school enrollment ratio, and GDP per capita. *!

The Human Development Level is derived from the HDI. The Human Development
Report divides all countries into 3 groups — High, Medium and Low Development — based on
their Human Development Index. The group with the highest indices is considered “highly
developed.” The next group is in “medium development,” while the lowest set of indices are
termed “low development.” It is possible for multiple countries to receive the same Human
Development Index score. For the 177 countries ranked in the 2006 Human Development
Report, the 63 countries with an HDI of .800 or above are labeled as highly developed. The
middle set includes the 83 countries with HDI’s between .500 and .798. The low development
countries have HDIs from .311 to .492. In this research, countries are compared using both their
HD Index (from zero to 1) and their HD Level (from low to high).

Gross Domestic Product, in total and per capita, are included because they are traditional
measures of economic development for countries. It is also significant that access to satellite-
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based technology is expensive. One would therefore expect that national space activity increases
with GDP. Note that the GDP per capita value is normalized using Purchasing Power Parity
(PPP) rates of exchange. This means that when the diverse currencies are converted into US
dollars, the price differences in the countries are taken into account.

Public Education Expenditure is one of the development indicators included. It is chosen
as a proxy measurement for the level of education in the country. The use of satellite-based
technology requires a well educated workforce. It is therefore assumed that countries who are
more active with satellite technology may invest more on education. Other indicators of the
education level of the workforce or the emphasis on science and technology would be desirable.
The Human Development Report does include a set of indicators meant to reflect “Technology:
Diffusion and Creation.” These include records on patents, license fees, as well as research and
development expenditure. ™ Unfortunately, many of these indicators have incomplete records.
There are many gaps in the data, especially among African countries. Because this study focuses
so much on Africa, we use the more complete education indicator only.

The final two development indicators pulled from the Human Development Report are
Internet Users (per 1000 people) and Cellular Subscribers (per 1000 people). Both of these
statistics show the use of relatively new communication technology. They are very relevant
measures, especially because in many developing countries internet access and international cell
phone calls are enabled by satellites. More generally, the adoption of these advanced
technologies is a measure of development. Countries that have higher use of satellite technology
may also have high usage rates for internet and cell phones.

Each of the indicators listed above shows different aspects of national development. It is
assumed in each case that a higher score in the indicator equates to a higher level of
development. Please note that the development indicators outlined here will henceforth be
referenced by abbreviations, as given below.

HDI

HD Level

GDP

GDP per Capita
Education Expenditure
Internet Users

Cellular Subscribers

NookwnE

3.2.2 Space Participation Metric

Recall that a major goal of this work is to compare national development level with
national space activity. The previous section shows that there are a variety of sources from which
to draw quantitative development indicators for individual countries. The same is not true for
national space activity. There is not a ready source of quantitative data that compares many
countries on the basis of their space-related work. It was thus incumbent upon this researcher to
create a method to measure national space activity. This has led to the creation of the Space
Participation Metric (SPM).

The SPM is a value defined for all sovereign countries in the world. The purpose of the
SPM is to provide a quantitative value that describes how active a given country is in space-
related activities. The SPM for each country is assigned based on a simple point system. One
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point is awarded to each country for every space activity from the SPM List of Space Activities
in which it participates. The List of Space Activities includes twenty-one items in four
categories. The categories are designed to distinguish different levels of technical achievement.
Thus, Category 1 is the set of activities with the lowest technical level. This category includes
membership in a space related society, hosting a meeting with space themes or participation in
regulatory action with regard to space. Meanwhile, Category 4 is the highest technical level. This
includes the use and ownership of spacecraft and launching hardware. Categories 2 and 3 fill in
the technical spectrum. Category 2 includes activities that show evidence for space related
education, research or capacity building programs. Category 3 is for activities that show
evidence of the use of ground based space hardware, such as communication or satellite tracking
equipment.

The table below shows the full List of Space Activities considered for the SPM analysis.
They are divided based on their Categories as outlined above. More detail about the specific
activities with full nomenclature and references can be found in Appendix A.

Table 1: List of Activities Used in Space Participation Metric Definition
List of Space Activities Used in SPM Definition
Category Definition Space Activities
e UN COPOUS Members
as of 2004
e Group on Earth
Observations Member
) o e Hostan International
Evidence of memberShlp in Astronautical Congress
international space related society, Conference
hosting of space meeting or space- Member of IMSO

related regulatory action Member of ITSO
Member of ITU

Member of IAF

Member of IAU

Signed Outer Space

Treaty

e Inclusion in UN
Directory of Education
for Space Science

e National Space Program

(according to Jane'’s

Evidence of space related education, gpace IDiftf?tCt;)ry)
2 research, or capacity building e Space Institutes or

Organizations
programs (according to Jane'’s

Space Directory)
e Participate in UN PSA
e Reportto UNOOSA on
nationals space
activities or research
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e Domestic
Communication
Satellite system

e International

Evidence of ground based space Communication

hardware Satellite Earth Stations

e Earth Observation
Facilities and
Equipment (Jane's
Space Directory)

e Launch Facilities
(Jane’s Space
Directory)

e Launch Vehicle(s)

Evidence of space hardware or launch gﬁ’éité Sp)ace
facilities ry

e Participant in
International Space
Station

e Appear on UN Launch
Registry

Several factors limit the kinds of activities that can be included in the List. First, in order
to use the activity, an accurate and exhaustive participation list must be available. This avoids the
danger of giving some countries credit for participation in an activity while neglecting others that
participate in the same activity. For example, it would be preferable to give space participation
points for each country that has a national space programor national office concerned with space
matters. It is very difficult, however, to say precisely which countries have national space offices
of this kind. In this case, points are awarded to countries that are listed in Jane's Space
Directory®™" because it is a reputable publication that aims to include internationally relevant
space information. A second criterion for including a space activity is that it must be, in theory at
least, available to every country in the world. That is, there must an opportunity for every
country to participate. Some activities on the list may not seem to meet this criterion. For
example, not every country in the world was invited to participate in the International Space
Station because not every country has the space expertise necessary to contribute. The author
takes the stance that, in theory, any country could have achieved the necessary technical prowess
to participate in the ISS. Thus this activity is included. A third criterion is applied when selecting
Space Activities. They must be activities for which credit can be applied at a country level. This
does not necessarily imply that every activity is done by a national government, though many
are. This does imply that the context of the activity includes associating participants with their
country. For example, there are several activities related to the United Nations. Individuals who
participate in UN programs generally represent their country, and the UN tends to record
participation based on countries. To summarize, the three criteria that are applied to the Space
Activities are as follows: 1) An exhaustive participation list must be available; 2) The activity
must be theoretically available to every country in the world; and 3) There must be a way to
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associate participation in the activity with specific countries. These criteria are summarized in
the table below.

Table 2: Criteria Used to Select Space Activities for SPM Analysis

Criteria

Activity has an exhaustive participation list

Activity is available to every country in the world

W[ N |

Activity is associated with participation by specific countries

When classifying specific Space Activities in the various categories, there is some
ambiguity. For example, a “capacity building program” may involve the use of ground based
space hardware or it may be something less technically advanced. For cases such as this, the rule
is to use the lowest appropriate category. If there is not undisputable evidence that an activity
belongs ina high category, it is placed lower.

Two methods of tallying the SPM points to a given country are used in the research. Each
country has an Aggregate score and a Categorized score. Both methods are used in order to
ensure that both aspects of the data are considered. The Aggregate score is simply a sum of the
points earned by a country, which is equivalent to the number of activities in which that country
participates. The benefit of the Aggregate score is that it is a single number that summarizes
space activity. The disadvantage is that this single number masks the technical nature of the
activities; it gives equal weight to very different activities. Hence, there is a need for the
Categorized score. The Categorized score counts the number of points each country receives in
the various categories from 1 to 4. This allows a brief summary of the technical level of the
country’s experience. It shows at a glance whether the country is largely involved in highly
technical activities.

Note that the categories are chosen after the list of activities is found. The categories are
not chosen a priori as a guide for finding activities. The categories emerge as one logical way to
divide the activities that meet the inclusion criteria. Part of the intention in using the categories is
to address the fact it is overly simple to give the same credit for hosting a meeting as for
launching a rocket. The other side of the argument, however, is that the Aggregate SPM captures
the variety of ways that countries can interact with space technology. It gives credit to countries
that may not be able to afford their own space craft, but have an interest in space none the less.

3.2.3 Space Project Case Studies

The Space Participation Metric (SPM) is a very helpful way to turn available information
into guantitative data that can allow for statistical analysis. The SPM analysis is limited,
however, by the strict criteria placed on the List of Space Activities. Many interesting examples
of space activities can not be included on the List. Also, the SPM makes an effort to consider all
the sovereign countries in the world. The result is a very high level analysis that leaves out a
great deal of detalil.

In order to pursue the two main goals of this thesis at a more detailed scope, the Space
Project Case studies are pursued. As a reminder, the two goals of the thesis are to better
understand the satellite-enabled activities in the developing world and to understand how the
level of development of a country relates to its use of satellite technology. The Space Project
Case studies form a set of 90 summaries of programs, projects and organizations that utilize
satellite-based technology in Africa. This section explains the motivation for the scope of these
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case studies as well as the methods used for data collection. There are several aspects that limit
the scope of Space Project Case Studies, including geography, technology area, project intent
and depth. Each of these will be discussed in turn below.

Geographically, the Space Project Case studies include examples from the African
continent. This includes satellites owned by African countries, collaborations between African
countries and external partners, as well as organizations that offer a satellite-based service in
Africa. Africa is chosen as a focal point for several reasons. First, it includes a large number of
very poorly developed countries. This is supported by the rankings of the Human Development
Index. The HD Report has data for 51 out the 53 countries in Africa. Of these 51 countries, 29
are in the “Low Development” category. Only 2 countries from outside of Africa, Yemen and
Haiti, are in this low category. Note also that out of the 51 countries in African ranked by the
HDI, only 2 are in the “High Development” category. The large percentage of poorly developed
countries in Africa makes it an attractive region from which to learn about satellite technology.
Africa is clearly a developing context; it is arguably the least developed continent. Thus, success
stories about technology from Africa are very meaningful to the whole developing world. A
second reason to use African case studies is that it includes a great deal of diversity. The African
country with the highest Human Development Index is the Republic of Seychelles at an index of
.842. The lowest ranked country is Niger at an HDI of .311. In between is a whole spectrum of
development indices. Thus, despite the overall poor performance of the continent, there is
enough diversity to allow for interesting analyses. The third reason for focusing on Africa is the
great potential of satellite technology to meet needs in this region. The same reasons expressed in
the introduction apply here. Africa suffers from systemic problems of famine, drought, disease
and weak communication links. There is a role for satellite technology in solving each of these
problems. Finally, a fourth reason to study case studies in Africa is the wealth of examples of the
use of satellite technology there. The prevalence of satellite technology in Africa may be
surprisingly high to some readers.

In terms of technology area, the Space Project Case studies are limited according to the
same scope as the overall thesis. Examples are sought in satellite communication, remote sensing
and navigation.

Project intent is another factor considered when choosing African Space Project Case
Studies. Only projects that involve direct use of satellite technology are included. Some projects
are found that involve only awareness building or education about space technology. These are
excluded.

Finally, the Case Studies are scoped in terms of depth. For each example project, a
maximum of 19 questions are considered. In most cases, not all 19 questions are applicable, and
some queries are ignored. The main goal of the questions is to understand what work was done,
who lead it, who funded it, who provided the satellite expertise and how the African participants
were involved. The table below summarizes the questions asked about each Space Project Case
Study and provides an example of the responses for one specific case, the Center for Remote
Sensing and GIS at the University of Ghana.
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Table 3: Example of Space Project Case Study Data Sheet

Factor

Factor Value

Project Name

Centre for Remote Sensing and GIS at University of Ghana

Project Leader

University of Ghana

Other Designation

CERGIS

Some funding for specific projects comes from donor agencies

Financing? !
or contracts for service

Country Ghana

Purpose (Remote

Sensing/Communication/Nav/Etc)

earth observation/remote sensing

Architecture (single sat/multi-
sat/data buy/data proc, etc)

data processing; use satellite data to make useful data products

Instruments/Sensors/Equipment

Uses SPOT, LANDSAT and NOAA data

Cost

Unknown

Not applicable

Not applicable

Initiation Date

1993

Not applicable

Is project in the context of larger
national space program?

no

Is project motivation by a desire
for national development?

yes

What method does country use
to procure technology? (Who
built sat and how did country
participate?)

local effort with some outside funding for specific projects

Is project part of a series of
projects on the same topic or
application?

no

Is there already a well
established ground segment to
the project?

Not applicable

Termination of project

on going

Reference

Rochon, et al. "Applicability of Near-Real-Time Satellite Data
Acquisition and Analysis & Distribution of Geoinformation in
Support of African Development"
www.uneca.org/codi/Documents/WORD/ECA_CODI_IV_Paper
Rochon.doc. Accessed Feb 27, 2008

Data is collected for the Space Project Case studies from many sources. Examples come
from conference proceedings, news articles, journal articles, and organizational websites. Some

59


http://www.uneca.org/codi/Documents/WORD/ECA_CODI_IV_Paper_Rochon.doc
http://www.uneca.org/codi/Documents/WORD/ECA_CODI_IV_Paper_Rochon.doc

entities, such as the European Space Agency or the United Nations, report on their own activities
to promote satellite technology in Africa. Most of the case studies are found via the Internet but
care is taken to confirm the credibility of the site.

The African Space Project Case Studies provide a rich collection of examples showing
how space technology is usefully applied in a developing context. Within the Case Studies are
examples of Africans designing and launching satellites as well as Africans working along side
external partners to apply satellite data to their problems. The case studies give much more detail
than the SPM data can provide. This Case Study process is not hampered by a desire to be
exhaustive. Of course, this ad hoc data set can not claim to capture all of the space activities in
Africa or even all of the important ones. This thesis does claim, however, that the information in
the case studies provides factual examples of space activities. It is expected, also, that the large
number of case studies provides a representative account of how satellites are used in Africa. A
full list of the Space Project Case Studies with references can be found in Appendix B.

3.2.4 Space Program Case Studies

The Space Project Case Studies provide many examples of the use of satellite-based
technology in Africa. The activities vary from simply using satellite data to satellite design.
Sewveral countries in Africa have formal, government space agencies. The number is small
enough that it is very feasible to make case studies for each agency. To be more specific, two
countries — Nigeria and Algeria — have officially named Space Agencies. Meanwhile, South
Africa is in the process of creating one, as of the time of this writing. Egypt does not have one
agency for space programs, but they do have two government entities that direct the two facets of
their space policy — Remote Sensing and Communication. These two Egyptian agencies are
clearly specialized entities that focus on space topics. The space programs of these four countries
are reviewed in short case studies. These case studies pursue the first goal of this thesis, to
increase our understanding of the space activities in developing countries.

Several measures are used to ensure that no African space agency is left out of this
analysis. Certainly, other countries such as Morocco and Kenya are very involved in space
activities. Such countries are considered for inclusion, but they do not have advanced, multi-
faceted space agencies. After reviewing various sources, such as Jane'’s Space Directory, the
proceedings of the African Leadership Conference on Space Science and Technology for
Sustainable Development®™”, and various articles about space in Africa™!, this set of countries is
chosen.

There are 10 questions in the Space Program Case Studies. These questions seek to show
a little about the history of the program as well as its status within the government. The questions
are listed below.

1. Whendid the country start to use satellite technology?

2. Isthere an official space program? If so, when did the country officially create a national
space program?

3. Is the space program part ofa long term policy commitment to space?

4. Isthe space effort integrated into other government policy?
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5. Is the space effort motivated by a desire for national development? What are the main
motivations?

6. Where is the country in the four phases of space technology?
a. Phase 1: Buy technology from elsewhere.
b. Phase 2: Work with a foreign partner to build technology while training domestic
personnel.
c. Phase 3: Build technology in the country
d. Phase 4: Share technology with other countries

7. What is the relationship between government, private industry and academia with respect
to the space program?

8. What educational resources are there in the country to train potential entrants into the
space industry?

9. What is the magnitude of the space program (in terms of # of projects per unit time, # of
employees, etc)?

10. Is the country collaborating with other countries on space projects? If so, what are some
examples?

The questions are answered as completely as possible. In some cases it is very hard to
find documentation to answer a given question. Note that the concept of the four Phases of
Space Technology is borrowed from a paper that does a case study on Malaysian space
activities.?™ " The geographic scope of the Space Program Case Studies is limited to African
countries, in parallel with the Space Project Case Studies.

No formal analysis is done with the Space Program Case Studies for this thesis. The
information, however, does provide valuable background that helps in interpreting the overall
results of the analysis. The African Space Program Case Studies are referred to in the
discussion of the analysis results in Chapter 4.

3.2.5 Embassy Interviews

The fifth and final source of data used in this research is the set of responses from 30
interviews with representatives of African countries at embassies in Washington, DC. The
purpose of the interviews is to learn about the policy context of African countries and its
influence on the use of technology. The interviews include representatives from only African
countries, consistent with the scope defined in the Space Project Case Studies. The motivation
for pursuing these interviews is the difficulty in finding documented information about
technology policy in Africa. The interview questions focus on the structure of government with
respect to technology, the relationship between government and academia or industry, and the
government’s use of satellite technology. It should be acknowledged that many of the embassy
officials find the questions quite daunting and do not feel that they are fully competent to answer
correctly. The answers thus reflect their best understanding of the situation. This, however, has
its own value. Most of the interviewees are not technical experts. The interviews thus show how
an African government official who is not a specialist understands the use of satellite technology
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in their country. Because satellite technology requires such specialized knowledge, any
understanding shown by a novice in the field is all the more noteworthy. On one hand, the
responses regarding factual questions about the structure of the government can generally
regarded as true. The responses about the use of satellite technology can be regarded, at worst, as
evidence of the understanding of a technical novice in the community under consideration. At
best, they provide accurate information.

The interviews are conducted in person, when possible. In a few cases, they are
conducted by phone due to scheduling difficulties. Two countries prefer to send responses by
email. The interviews are semi-structured. The same 10 questions are asked to each person, but
conversation beyond the questions varies according to the natural flow of the interaction. The
persons interviewed are recommended by the relevant embassies. In almost every case, they are
employees of the embassy. In one case, the interviewee is an appropriate person outside the
embassy. Ina few cases, more than one person participates in the interview. Most interviews last
between 30 minutes and 1 hour. The interviews are performed between August 2007 and April
2008.

The interview questions are chosen to probe into the structure of the National Innovation
System, as discussed in the literature review. The paradigm of the NIS encourages study of the
relationships between the various actors concerned with science and technology. The first set of
questions asks about the government structures for addressing technology issues. The next
section asks about how the government relates to academia and industry. Later questions ask
specifically about satellite technology, and the final set asks about the educational system. The
interview questions are summarized below.

1. In your country, are there one or more central government bodies that are responsible for
national science and technology issues? Ifso, what are they?

a. How would you describe the financial resources allotted to these bodies?

2. What is the relationship between the government and other entities such as the
Universities, Industry and National Laboratories?

3. Isthere a central government body that is responsible for national space-related issues?
4. Does your country have a national space program?

5. If your government wanted to have a satellite launched into space, how might they obtain
this service?

6. What are some ways that your government uses satellite-based technology to meet
national needs? Some examples could be for improving communication, for monitoring
the environment, for providing weather information, etc.

7. Ona scale of 1 to 5, how important would you say that satellite-based technology is to

your country? (1 means ‘“Not important at all”’; 5 means “Extremely important™) Please
explain briefly.
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10.

In your country, are there one or more central government bodies that work on
environmental issues (water, air, agriculture, fisheries, forestry, etc) on a national level?
Ifso, what are they?

a. Ifso, do these bodies make use of satellite-based technology? In what way?

What is the relationship between government, private industry and academia with respect
to science and technology issues?

What educational resources are there in the country to train potential entrants into
scientific or technical careers? Examples include university degree programs,
scholarships, internships, etc

A key strength of the Embassy Study is that the countries represented cover a wide

geographic range of Africa. Countries from each corner and region of the continent are
included — from the North, South, East, West and Central areas of Africa. Countries from
each of the major European language groups are included — Francophone, Anglophone and
Lusophone. The countries also represent a variety of levels of space activity. Some of the 30
countries, including Nigeria and Algeria, have an official space program or national
satellites. Others have no official space policy. The map below shows the countries that are
interviewed. The countries which are interviewed are indicated with circles around their
names. Circled countries include Niger and Chad. No circle means the countries are not
interviewed. Grey shading means there is no embassy in the US for that country or territory;
this is true for Somalia and the territory of Western Sahara. The island country of Cape
Verde is not shown on this map, but it is also included in the interviews.
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Figure 4: Map of Africa Showing Countries Includedin Embassy Interviews

3.3 Research Questions, Data and Analysis

The two main goals of this thesis are pursued through answering three specific research
questions. This section reviews the questions, explains the purpose for including them and shows
how the data sources described above are analyzed to answer these research questions. Together
these research questions help increase our understanding of satellite technology use in
developing countries while helping us learn how development level relates to satellite technology
use. In addition to the analysis for each research question, this section also explains the analysis
done for the Embassy Interview data. The analysis methods for the entire thesis are introduced in
this section. The results are shown and discussed in the next chapter.
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3.3.1 Q1: National Space Activity versus National Development Level

This section explains the motivation, scope, analysis and methods for the first Research
Question.

Motivation and Scope

The first research question is “How does national development level relate to national
space activity?” The answer to this question is at the heart of the second goal of this thesis. In
order to answer it, data is collected that meets the first goal — learning more about how satellite
technology is used in developing countries. The benefit of pursuing this research question is that
it uses quantitative data to test what we suspect to be true from theory or personal experience. It
probes the assumption that more developed countries are more active in space. Policy makers in
developing countries can learn what kind of space activity is normally achieved by countries in
their development level. They can also see the exceptional developing countries that achieve
more than the norm and learn from them. All sovereign countries are included in this analysis.
Summary of Analysis

The data used to address Question 1 is the Space Participation Metric (SPM) and
Development Indicator data for all sovereign countries. Chi-squared statistical analysis is used to
test for a statistically significant difference in the SPM scores among countries grouped
according to their development scores. The result of the Chi-Squared is the probability that
differences among the groups happen by chance. If the probability is very low (in this thesis, a
cut off of 5% is used), the difference is considered meaningful or significant. The SPM scores in
Aggregate and Categorized form are compared to the Development Indicators in a series of Chi-
Squared tests.

Methods and Assumptions

The Chi-squared statistical test is chosen for several reasons. First, much of the data is in
integer form; it is not continuous. This test handles discontinuous well. Second, the Chi-Squared
method allows one to test for differences among groups. This is the right kind of method to
answer whether there are differences in the ways different groups of countries behave. There are
several steps in Chi-Squared analysis and the choices made at each step effect the results. This
section explains the rational behind the construction of the Chi-Squared tests.

The first step is to divide all the sovereign countries in the world into groups to be
compared based on Space Participation. For the Aggregate SPM, this division is done based on
the percentages of countries in various levels. When using the Aggregate SPM (a sum of all
space participation points), about half of the countries earn 5 points or less. Close to one quarter
earn between 6 and 10 points, and the remaining quarter earn 10 or more points. Since these
percentages created such symmetric groups, there are chosen as the bins or groups for the Chi-
Squared Tests. This is summarized in the table below.
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Table 4: Categories of Countries for the Aggregate SPM Analysis

Categories of Countries
(Aggregate Space Participation Metric)
Catedor # of SP % of

gory points | Countries
SPM1 >10 24%
SPM2 6-10 24%
SPM3 <=5 53%

Another method for grouping the countries is used with the Categorized SPM data. In this
case, the four categories of space activities create natural bins or groups. Thus, once countries are
divided according to development level, the number of projects in each category for each country
is counted. This number is used in two ways in the analysis. Chi-Squared tests are performed by
adding all the projects done in a particular space category by a particular set of countries. This is
referred to as “Counting Activities.” Another set of Chi-Squared tests is done by adding up how
many countries appear at least once within a particular space category and development level.
This is referred to as “Counting Countries.”

The second step is to divide all the sovereign countries into groups based on each
development indicator. The countries are divided into different development levels, called bins,
in three different ways. The first way is to create four groups that have the same number of
countries in them. The countries are ordered based on their value of the development indicator in
question, from lowest to highest. Thus, the four groups represent progressively higher levels of
development. The second way is the same but uses three equal groups that have low, medium
and high values for that development indicator. The disadvantage of these first two methods is
that there is no guarantee that the lowest and highest groups are different by any particular
amount. The benefit is that the test is more likely to be valid because the groups are of similar
size. Tests sometimes become invalid when very small groups are compared to very large ones.
In order to respond to the actual data, however, a third method is used to create bins of countries
based on development. According to the type of data, the countries are either divided based on
the range of the data or on the order of magnitude of the data. For example, when dividing
countries based on the Human Development Index, all the values are of the same order of
magnitude and the countries are spread out fairly evenly between the lowest and highest value. In
this situation it is useful to divide the countries at evenly distributed points along the range from
the lowest to the highest data point. In some other cases, such as GDP, the values in the data
change drastically in order of magnitude. The lowest values are order 10! while the largest are
order 103, If the range of data is to be simply divided evenly, most of the countries would end up
in the lower group with only a tiny minority in the highest groups. This often leads to an invalid
test. Thus, in a case like this, the data is divided based on the order of magnitude.

In addition to using several methods to bin countries based on development level, two
methods are used to count countries within the bins. This is done to ensure that the results are
consistent. These two methods specifically apply to the Categorized method for binning the
Space Activity points, as mentioned above. The methods ultimately lead to testing two null
hypotheses. The first method is to count each instance when a country has a space activity in a
particular category. Thus, if Country A has 3 activities in Category 1, they get credit for each of
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these 3 activities. The other method is to just count the instances of countries ineach category. In
this case, County A only gets 1 count for its three activities in Category 1. The first method,
Counting Activities, addresses the following question, “Is there a significant difference in the
number of space activities in various categories for countries of different development levels?”
In this case, the null hypothesis is that there is no difference in the number of activities pursued
in the various categories for countries at different development levels. The second method,
Counting Countries, addresses this question, “Is there a significant difference in the number of
countries in different development levels that appear in the various space activity categories?” In
other words, does a particular category see more countries at a particular development level? The
null hypothesis here is that there is no difference in the number of countries from various
development levels that appear in a particular space activity category. These two sets of null
hypotheses are summarized in the table below.

Table 5: Hypotheses Testedin SPM Analysis
Two Hypotheses Tested within Aggregate SPM Analysis
Method Question Null Hypothesis
Is there a significant difference
in the number of space activities

There is no difference in the number of

Cogn.tl_ng in various categories for activities pursued in the various
Activities . . categories for countries at different

countries of different

development levels.
development levels?
IS there a significant dlffe_zrer_lce There is no difference in the number of

Counting in the number of countries in countries from various development
Countries different development levels levels that appear in a particular space

that appear in the various space

activity categories? activity category

The chart below summarizes the various combinations of binning methods used in the
Chi-Squared tests. Each of the Dewvelopment Indicators, as described above, is used in
comparison with the Aggregate and Categorized SPM scores. Thus the chart below is repeated
six times in the analysis; there are seven indicators, but the HD Index and HD Level tests are
combined. The tests using the Aggregate SPM and Counting Countries method are only done
with one kind of binning for the Development Indicators. This is sufficient because they agree
with the other tests, which are done more extensively with the method of Counting Activities.
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Table 6: Bins usedin SPM Chi-Squared Analysis
Three Equal Data Range or Order

Development Four Equal Groups

Indicator Bins: Groups of Magnitude
Categorized SPM: X X X
Aggregate SPM x X X

(Count Activities):

Aggregate SPM
(Count Countries):

The Chi-Squared test is performed in many ways to ensure that the answer is not just a
result of the problem construction. This sensitivity analysis gives more confidence in the results.

3.3.2 Q2: Mission and Management Architectures

This section explains the motivation, scope, analysis and methods for the second
Research Question.

Motivation and Scope

The second research question of this thesis is, “What Mission and Management
Architectures are developing countries using to apply satellite-based technology to national
needs?” The goal of this question is to explore at a detailed level the satellite-enabled activities in
developing countries. This question is addressed by analyzing data from the 90 African Space
Project Case Studies. This part of the research is inductive. The goal is to observe reality, collect
data about it and organize that data in a way that will help the reader understand the reality
better. The results of this section of analysis include a categorization of the Space Project Case
Studies in several ways that help explain trends in the field.

Note that the scope of this analysis is the same as that of the Space Project Case Studies;
it is limited to African examples of the use of satellite communication, remote sensing and
navigation technology. The author does not assume that the trends observed in Africa can be
generally applied to other regions. It is thought, however, that a more detailed study can be made
by focusing on a limited geographic region. Some lessons from studying Africa will be
applicable to other regions, especially considering the diversity of development levels within
Africa. As discussed in the introduction, the particular technology areas are chosen because they
have such strong relevance to developing countries.

The terms “Mission” and “Management” architectures require explanation. The Mission
Architecture refers to the type and level of technology used. Satellite-based missions may
include designing and launching a satellite, or operating ground based satellite technology, or
using and processing satellite data, for example. The various missions each depend on satellite
technology, but they require different levels of involvement with an actual satellite. There are, of
course, multiple ways that different missions could have been defined. It may have been based
on the purpose of the project or the field of satellite technology. In this case, the missions are
defined based on the level of technical activity for a specific reason. It is natural to assume that
more developed countries would work on projects of higher technical sophistication. The
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Architecture categories created in Question 2 lay the foundation for testing this assumption in
Question 3. Inshort, Mission Architecture answers what is accomplished in the project.

The Management Architecture refers the organizations involved in executing the project.
If Mission Architecture tells what, Management Architecture tells who. Part of the reason for
defining the Management Architecture is that many of the Space Project Case Studies involve
partnerships. Some partnerships are between African organizations or countries. Some are
between African entities and external entities. A study of the trends in these partnerships is
revealing. While many African countries do not have the capabilities to execute a complete
satellite project on their own, they may be able accomplish it with a partner. Some examples of
Management Architecture include, “One African Country or Organization,” or “An External
Partnership with Satellite Expertise from External Partner.”

Summary of Analysis

The primary goal of the Mission and Management Architecture categorization is to place
all the Space Project Case Studies on a Master Architecture Matrix with “Mission” and
“Management” as the axes. This allows for rapid, visual comprehension of how the projects in
the Case Studies compare to each other. It also shows what kinds of projects dominate
numerically. In addition to the Master Architecture Matrix that includes all 90 case studies, three
smaller matrices are presented. These specialized matrices separately show the subset of projects
that can be classified as remote sensing, communication or navigation.

Three kinds of supporting analysis complement the Architecture Matrices. First, the
projects are categorized in terms of their Purpose. Purpose here is defined from the technology
user’s perspective. The second kind of supporting analysis is a graphical depiction of Roles and
Actors in the Space Project Case Studies. This is done separately for each of the three areas of
satellite-based technology considered in this thesis (remote sensing, communication and
navigation). The third supporting analysis is an exploratory look at the Time Trends in the Space
Project Case Study data. The Time Trend analysis considers what Mission and Management
Architectures have been used over time, based only the case studies in this collection.

Methods and Assumptions

Most of the analysis in Question 2 is done by manually reviewing the case studies and
placing them in the appropriate Architecture categories. This simple explanation, however,
disguises many layers of decisions and assumptions that are implicit in the organization of the
data. This section explains several key choices that direct the classification. The choices include
what Achitecture categories to include, how to distinguish between potentially ambiguous
Achitectures, how to order the Achitectures, what color code to use,and the criteria to assign
projects to Achitecture categories. The Mission Architectures are discussed first; the
Management analysis follows. The Specialized Matrices showing Remote Sensing,
Communication and Navigation Projects follow the same methods as the Master Matrix. The
goals of the Project Purpose and Roles and Actors Analysis are discussed as well.

A different kind of analysis is done to understand the potential time trends in the Space
Project Case Study data. This requires statistical tests.

Mission Architectures

This section explains the methods and assumptions used in creating the Mission
Architectures.

Choosing the Architectures. For both the Mission and Management analysis, the
categories emerge after much data is collected. They are refined continually as more information
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Is found. This means that the categories represent what the data actually show rather than a pre-
conceived idea of what it might show. The categories are not a generic representation of what
might be; they show only the examples found in the case studies. The reader may distinguish
logical gaps where an intermediate category could have been defined between two existing
categories. This only shows that there are not case studies that apply to the missing category.

The categories used in the Mission Architecture analysis show the technical activities
accomplished by the project. This choice flows from the goal of elucidating what satellite
technologies are being used in developing countries. Specifically, the architectures show what
satellite-enabled activity is done. The architectures are described based on the type of
technology, not the user’s purpose for the project. Thus, the architecture “Operate Ground-Based
Satellite Technology” is used instead of “Use satellite communication for telemedicine.” The
purpose is to show the level of satellite technology.

The list below shows the set of Mission options used in the Master Architecture Matrix.

Participate in Regulatory Action Regarding Satellites

Use Satellite Data Products or Decision Tools

Process Satellite Data and Create Data Products or Decision Tools
Operate Ground Technology to Send and/or Receive Satellite Data
Lease Satellite Capacity and Distribute Satellite Service

Operate the Satellites of Others

Lease and Operate a Satellite

Buy and Operate a Satellite

Designand Build a Satellite

0. Design, Build, Launch and Operate a Satellite

Roo~NoarwNE

There are several ways that architectures could have been defined based on the available
information. It is possible, for example, to create a category for all the projects that operate a
satellite (6, 7, 8 and 10). This, however, does not show the technical steps that some projects take
before operation begins. The system here starts by considering all the aspects of running a
satellite system and then creating architectures that are a subset of these aspects. A complete
project includes the design, manufacture, launch, and operation of a satellite. Part of the
operation includes using ground equipment to receive data from the satellite as a product and to
send data to a satellite for control or communication. Most projects achieved a subset of this
collection of technical activities. Ultimately, categories are created by showing which set of
these are accomplished.

Ordering the Architectures. The order of the categories for the mission architectures is
intentional. Part of the goal of the Architecture matrix is to show a spectrum of ways that satellite
technology can be accessed. The Architecture categories are listed above inascending order. The
lowest numbers reflect the lowest level of connection to the technology. The higher the number,
the closer the Mission is to actually operating a spacecraft in space. The philosophy is to include
as many activities as possible that are enabled by satellites. Then the activities are ranked
according to how close the user is to controlling the space hardware. Overall, there is a
progression from activities involving work on a spacecraft (designing, building, operating a
satellite) to activities involving work on ground based technology to activities that only involve
the data received from spacecraft. This order does not attempt to imply that it is always more
technically challenging to do a higher category. Instead, the order of the category reflects the
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level of control the participants have over the actual spacecraft and the data. If they participate in
the design of the spacecraft, they have the highest level of control. If they only have access to
data collected by others, they have very little control.

Another facet of the order is that the highest level of projects implicitly includes the
lower levels, as appropriate. For example, if a project receives credit for operating a satellite, it is
implied that they also receive and process data in a way appropriate to their application. The
main exemption to this inclusiveness is perhaps the lowest project architecture, “Participate in
Regulatory Action Regarding Satellites.” It is not assumed that all projects include this activity.

Color Coding the Architectures. In addition to ordering the architectures from the least
interaction with a spacecraft to the most, a color code is used in the Matrix to reinforce the
hierarchy. The colors provide visual support for the idea that there is a spectrum of technical
activities enabled by satellites. The architectures are labeled with the colors of the visible
spectrum, from red to violet. Red is used for the mostly highly ranked architectures; violet is for
the lowest. In between, the colors are spread as appropriate following the general pattern of the
rainbow — Red, Orange, Yellow, Green, Blue, Indigo, and Violet. Since there are more Mission
Architectures than there are colors, several colors are used more than once. The colors group
families of architectures. For example, red is used for projects that involve designing and
building a satellite. Green represents the use of ground-based satellite technology. The idea of a
spectrum of Architecture levels from red to violet is used multiple times in this analysis. The
number of Architectures and the transitions between colors is not consistent, however. Each is
chosen to fit the given scenario. What is consistent is that red always represents the high end of
the spectrumand violet is the low end.

Assigning Projects to the Architecture Categories. Focus now on methods for assigning
projects for the Mission Architecture analysis. The key rule here is that architecture categories
are created and projects are assigned in various mission categories according to what is
accomplished in the case study. Each case study has implicit boundaries based on the available
documentation. These boundaries are used in defining the mission category. This is helpful
because every satellite-based activity ultimately can be traced to someone launching a satellite.
Some projects, however, do not include this early step in their context. For example, a project
may involve the installation of satellite-based communication equipment in a university. The
entities involved in this particular task may be paying a service provider who ultimately leases
time on a satellite. Assume that the documentation on the project is explicitly about the ground
based equipment. This is considered an instance of the use of satellite-based technology. Its
Mission Architecture considers only the ground based part of the task. This narrow focus helps to
highlight the part of the activity in which the African entity in question is directly involved. If
there is ambiguity as to the accomplishments of a project, it is placed in the lower of the levels.
For instance, if it is not clear whether a country processed satellite data themselves or only used
data processed by others, it is assumed that they used data processed by others. To summarize,
the Mission Architecture assignments reflect what is accomplished by the entities involved in the
case study as represented by the available documentation.

Management Architectures

This section explains the methods and assumptions used in creating the Management
Architectures.

Choosing the Architectures. The goal of the Management Architectures is to show who is
directly involved with the project. Below is a list of the Management Architectures.
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External Company or Organization; Provides Satellite Service in Africa
External Collaboration; Satellite Expertise from External Partner
External Collaboration; Satellite Expertise from Both Sides

External Collaboration; Satellite Expertise from African Partner
Regional African Collaboration (and possible contractors)

Non-regional African Collaboration (and possible contractors)

One African Country or Organization (and possible contractors)

Nookowd R

The Architecture titles require further explanation. Architecture 1 is “One African Country or
Organization.” This means that the primary participants in the project represent an African
national government, an African organization within a country, or an African company (that may
or may not be multi-national). Architectures 2 and 3 cover collaborations in which the primary
actors are Africans from different countries. Architectures 4, 5, and 6 refer to collaborations in
which at least one partner is from outside of Africa. The word “external” here simply means
external to Africa. It is not clarified whether the partner is from a developed or industrialized
country. These three architectures (4 to 6) include a note as to where the satellite expertise
originates. It comes either from the non-African partner, from the outside partner and the African
partner, or from only the African partner. Note that this refers to the particular expertise required
to do the project. In other words, choosing Architecture 2 does not imply that the African partner
has no satellite expertise. It does imply that the expertise needed to accomplish the task in the
Mission Architecture is supplied by the external partner. Architecture 1 refers to cases in whicha
non-African entity offers a service using satellites in Africa, but not through a specific
partnership. This includes non-African companies that sell satellite-based phone or internet
service in Africa. In this case, it is easy to see that there is no observable partnership with an
African entity. Another example is a company that owns satellites that provide communication
coverage to Africa. They are affecting Africa, but not through a clearly defined partnership.

There are several possibly ambiguous Architectures in the Management list. The
distinction between Architectures 2 and 3 merits discussion. Architectures 2 and 3 both represent
collaborations between African entities. These entities could be governments or private
organizations. Regional and non-regional collaborations are distinguished for a reason. Regional
implies that several countries that are near each other within Africa are cooperating. Non-
regional means the countries are not in the same part of Africa. Some regional collaboration is
pursued because of common language, geography or heritage among countries. One example is
the Case Study Project AGRHYMET. This is a regional scientific center concerned with
agriculture, water resource management and meteorology in Western Africa. The countries
involved primarily speak French. They face common geographic problems, such as desert
encroachment and drought. In some cases, the same ethnic people groups have been spread
among the various countries. Contrast this with the Case Study Project ARMC, the African
Resource Management Constellation. In this case, Nigeria, Algeria, South Africa and Kenya are
partnering to create a satellite constellation for Africa. The countries are from three different
corners of Africa — west, north, south and east. They have very different environmental concerns
and different language and culture. It is concluded based on cases such as this, that a non-
regional collaboration has some key differences in motivation and structure from a regional
collaboration. This is why they are kept as separate Architectures. Note, however, that if the goal
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of a collaboration is to invite all or most African countries, it was considered “regional”. In this
case, Africa is the common region.

Consider the inclusion of contractors in Architectures 1 to 3. Architectures 1 through 3
show the main actors as one or more African entities, but include the possibility of the
involvement of contractors. One might argue that, if contractors are involved in an undefined
way, the categories do not represent what is done by the African participants. It is true that the
specific accomplishments of the African player are not shown in the Matrix. That is done in a
separate analysis that will be discussed in Question 3. The goal of the categories here is to show
who is involved in the projects. The categories distinguish between contractual relationships and
partnerships. In Architectures 1 to 3, an African government or organization may hire some
entity to do work. The entity may be from Africa or from outside Africa. The key here is that the
initiative for the project comes from the African customers; they have control over the project.
This is different from the collaborations described in Architectures 4, 5 and 6. These represent
partnerships between African and non-African organizations or governments. The African
partner is not necessarily in control of the project or the source of the initiative for starting the
project. There is not a commercial contract governing the project. Both African and external
partners invest in the project because they expect mutual benefit from their participation. This
explains the motivation for distinguishing between contractual relationships and collaborations.

Ordering the Architectures. The order of the Management Architectures is meant to
reflect the level of challenge, initiative or leadership shown by the African entity. Thus,
Architecture 7 is a case where all the initiative and leadership comes fromone African country or
organization. If a contractor is involved, it is under the leadership of that entity. Architectures 1
to 4 all show involvement and some level of initiative from a non-African partner. Architectures
5 to 7 show the initiative coming from Africa. Thus, the lowest numbers show the least advanced
project effort from Africa. The higher the number, the more management initiative comes from
the African player.

A specific decision is made to rank a non-regional collaboration higher than a regional
collaboration. Based on the arguments mentioned abowve, it is concluded that a non-regional
collaboration requires more effort than a regional collaboration. It is likely to require more
distance traveled for meetings, more language barriers and more compromise. This is the
motivation for ranking the non-regional collaboration as slightly higher than a regional one. It
shows more initiative on the part of the African countries.

Color Coding the Architectures. The color codes use in the Management Architectures
follow the same structure as the Mission Architecture. Red is for the highest ranked Architecture.
Violet is for the lowest. In this case, the number of colors in the spectrum equals the number of
architectures, so there is one color per level.

Assigning Projects to the Architecture Categories. Next consider the rules and
assumptions guiding the assignment of projects to particular Architectures. In this case, the
project category shows who is directly involved in accomplishing the project. Again, the project
boundaries are drawn from the available documentation and context. In some cases the projects
are clearly done on behalf of national governments. In other cases, entities within a particular
country act. Still other projects involve the work of regional organizations. The Management
Architecture options do not distinguish between work done by a government and work done by a
private entity; this is found in the Roles and Actors analysis. The main information here is
whether the work is done by one African organization, a group of African organizations or
collaboration between Africans and non-Africans. The non-African partners are not specified at
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this point as being from developed or developing countries; the goal is to show whether the
resource comes from inside or outside Africa. In the case of collaborations, the Master
Architecture Matrix defines who brings the satellite expertise. In general, collaborating partners
could bring money, initiative, expertise, training or equipment. Expertise is specifically noted
here to show whether the partnership might be allowing the African entity to achieve something
beyond its own expertise.

The Master Space Project Matrix

The graphic below shows the Master Space Project Architecture Matrix without the
projects filled in. This visual brings together all the methods described above. The horizontal
axis shows the seven Management Architectures. The vertical axis shows the ten Mission
Architectures. The top left corner of the matrix holds the highest level projects in both the
Mission and Management Architectures. This corner represents projects with strong interaction
with actual space hardware in which the African entities are highly involved. The top right
corner shows projects in which the technical content is high, but the African contribution is
smaller. In the bottom left corner, the technical content is low, but the African initiative is high.
The bottom right corner is the lowest set of projects. Here the technical mission is less involved
with a spacecraft and only uses satellite data or deals with regulation. In this corner, also, the
African partner is in collaboration and may not be contributing much satellite expertise. The
colors are used to indicate moving along the spectrum of Architectures. The leftmost column and
top row are red to show higher values on that axis. The rightmost column and the lowest row are
violet to indicate the lowest level.
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Specialized Matrices

Recall the three specialized matrices focusing on remote sensing, communication and
navigation respectively. Each one is constructed with the same basic rules as outlined above. The
difference is that the Mission and Management categories are defined differently based on the
available data. In some cases, the data is more refined; this allows for more specific categories.
In all three technology areas, some context-specific categories are used to give the reader more
information about the activities.

Project Purpose

The Project Purpose Analysis for the Space Project Case Studies is a straightforward
review of what the users in the projects state as the ultimate goal of the activity. The purpose is
determined by a manual review of the documentation for each Case Study. Some projects have
more than one stated purpose; in such a case each purpose is counted. Thus, the summary data on
project purpose has more than 90 entries. The purposes are organized within the three major
satellite technology areas: Remote Sensing, Communication and Navigation. The final result is a
table showing the stated purposes from the Case Studies and the number of projects that
mentioned that purpose. Examples of project purposes include facilitating tele-medicine, tele-
education, meteorology, natural resource management and a national census.

Roles and Actors

An analysis of the Roles and Actors is done for each of the three satellite areas: remote
sensing, communication and navigation. This analysis complements the information from the
Management Architecture work. The Management Architecture analysis is helpful for
understanding what kind of entities are involved in the projects but it does not give a full picture.
The Case Studies provide enough information to understand what kind of organizations offer
what kind of services in the three satellite fields. The Roles and Actors analysis shows, at a
glance, where African and non-African entities are involved ineach area.

The Roles and Actors summary is created as follows. One satellite area, such as remote
sensing, is considered. The Roles are chosen by finding, from the case studies, the major steps
required to complete the activities. The Actors are filled in to each step. Next the actors are
categorized based on their similarities. For example, in remote sensing, there are several
activities in the life cycle of a satellite project. This includes building the satellite, operating the
satellite, processing satellite data, coordinating satellite projects and using satellite data. Within
the role of “Satellite Builder”, the Space Project Case Studies reveal several kinds of
organizations that do this. Some are non-African space agencies; some are non-African
commercial companies; still others are African entities. In addition to identifying these major
groups, the individual examples from the case studies are shown. One more step adds
information to the Roles and Actors analysis. The Roles are ranked by order and color to show
closeness to the satellite. This method parallels the ranking and ordering of the Mission
Architectures. Thus, Satellite Builders are at the top in red while the Data Users are the bottom in
blue.

Space Project Time Trend Analysis

As part of the Space Project Case Study data collection, time information is collected
whenever possible. Specifically, the Case Studies look for the initiation of the project, the launch
date of the satellite (if applicable), and the termination of the project. In many cases the launch
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data is not relevant and the termination date is not known or has not arrived. Thus the initiation
date is the most consistent data. This data on initiation dates is used to search for time trends.
Projects that do not have a specific initiation date are neglected in several cases. A few projects
have launch dates but not initiation dates. In such cases, it is assumed that the initiation for the
project is 5 yeas before the launch date.

Note that the data collection process does not specifically look for an historical overview
of space projects in Africa. Rather, most projects are either currently happening or were recently
accomplished. Some projects are currently existing organizations that began many decades ago.
The data set does not attempt to be historically complete or representative. Because the case
study data set is so large, however, some exploratory time analysis is done to see if any trends
can be found.

The methods are as follows. The Mission and Management Architecture assignments
from the Master Space Project Matrix are used to label projects. The labels are simply the
numbers associated with each Architecture in the lists above. Thus, Management Architecture
number 1 is “External Company or Organization; Provides Satellite Service in Africa.” Because
the Architectures are ranked from lowest to highest, they can be considered in groups for
statistical analysis. For example, the first four Management Architectures can logically be
grouped as “low,” while the top three are called “high”. The next step is to see if projects in a
particular time period are distributed between low and high Architectures in a way that is
significantly different from other time periods. A Chi-Squared analysis is used to explore this.

The Mission and Management trends are considered separately. For the Mission time
analysis the following question is asked, “Is there a statistically significant difference in the
breakdown of Mission categories at different time periods?” The null hypothesis is that there is
no difference in the number of projects in various Mission categories at different time periods.
The Management analysis asks a parallel question, “Is there a statistically significant difference
in the breakdown of Management categories at different time periods?” The null hypothesis is
that there is no difference in the number of projects in various Management Architecture
categories at different times.

The Chi-Squared Tests are set up with several binning methods to find valid and
appropriate tests. Time can be divided in several ways; six methods are tried here. First, the total
range of data is divided into five equal groups. Second, the data is divided based on decades (as
in from 1991 to 2000). Third, the projects are sorted by initiation data and divided in three
groups; each group has the same number of projects. Fourth, the projects are sorted by initiation
data and divided into four equal groups. Fifth, the time is divided based on historical events of
importance to the field. The last method is to divide the years into two groups and repeat the test
many times with different breakpoints in the sets of years. The breakpoint is the year that cuts off
the early time period from the late time period. This sixth method shows what set of years can be
used as a breakpoint to calculate a significant difference. The bins for Architectures are also
created in several ways. The 12 Mission Architectures are combined into three and four groups
for the Chi-Squared tests. The 7 Management Architectures are considered in 7, 3 and 2 groups.

The fifth method mentioned above for binning projects based on time is to divide the
years based on historical events. The historical events used are major conferences related to the
use of satellite technology in development. Specifically, the three United Nations Conferences on
the Exploration and Peaceful Uses of Outer Space, called UNISPACE Conferences, as well as
the World Summit on Sustainable Development are used. UNISPACE | was in 1968.
UNISPACE 11 was in 1982. UNISPACE Il was in 1999.°™V1" The World Summit on Sustainable
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Development was in 2002.°** Each of these meetings worked to spread awareness about the
benefits of satellite technology for developing countries. It is logical to wonder whether the
Mission or Management Architectures improved after the meetings.

The tables below summarize the Chi-Squared tests performed in this Space Project Time
Analysis. The first table is for Mission tests; the second for Management tests. The top row of
each table shows the set of binning options used for the time variable. The far left column shows
the options for binning the Mission or Management data. An “x” in the matrix shows that the
corresponding combination of bins is used in a Chi-Squared test. The choice of what
combinations to do is guided by the results of previous tests. More results will be discussed in
the next section. Here, note only that most of the Chi-Squared tests are not valid. Thus,
observations from the Mission tests informed the choice of Management tests.

Table 7: Chi-Squared Tests Used to Look for Time Trends in Mission Architectures

Mission Time | Range of Decade Three Four Historical | Two Time
Trend Tests | Time Bin Bins Equal Equal Events Periods
Groups Groups
Four Bins X X X X X ookl
Three Bins falalail X X X X *kkk
TWO BInS *kkk X **k*k*k *kk*k o = = 3 X

Table 8: Chi-Squared Tests Used to Look for Time Trends in Management Architectures

Management | Range of Decade Three Four Historical | Two Time
Time Trend | Time Bin Bins Equal Equal Events Periods
Tests Groups Groups
Seven Bins Fkkk Fhkk X X *kkhk FhKk
Five Bins Fkkk fsiakaia) X X *hkk e
Three Bins il Fekkk X X F—— Fr
TWO B |ns *kkk *k*kk X X *kkk *kkk

3.3.3 Q3: Architectures versus National Development Level

This section explains the motivation, scope, analysis and methods for the third Research
Question.

Motivation and Scope

The third research question in this thesis is closely related to Question 2. Question 3 asks,
“How does national development level influence the Mission and Management Architectures
used by developing countries in satellite-based technology projects?” The heart of the question is
to learn whether the observations found in Question 2 lead to any statistically significant
differences for countries of different development levels.

The scope of this analysis is the same as that of Question 2. It uses the data from the 90
Space Project Case Studies. Thus, all the examples are from Africa. They include projects in the
areas of Remote Sensing, Communication and Navigation. The projects under consideration
show an active use of satellite technology, not awareness building activities.

The analysis in Question 3 uses a two step mapping to facilitate statistical analysis.
Projects are ranked according to various criteria; those projects are associated with specific
countries. The countries thus receive credit for the ranking of the projects. Because of this
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mapping, some of the 90 Space Project Case Studies are not included in the analysis. A few of
them do not have a specific list of African countries or organizations that can be given credit for
their project ranking. Some of them ostensibly serve every country in Africa. In this case, no
country is given credit because this credit would not aid in the process of differentiating
countries based on space activity. Twelve projects are thus excluded from the analysis in
Question 3.
Summary of Analysis

There are three main steps in the Question 3 analysis. First, the Master Space Project
Matrix concept is adapted to allow for more precise project rankings. The result of this step is a
set of five Ladders that rank the Space Project Case Studies according to various rules. The
projects are ranked at certain levels in the Ladders. Next, the countries associated with these
projects next receive credit for these rankings. Third, the country information is used to do Chi-
Squared tests that parallel the Question 1 analysis. In this case the space activity is based on
information from the Space Project Case Studies instead of the Space Participation Metric. The
other difference is that the only countries considered are African countries, instead of all
sovereign nations. The analysis is like Question 1 because the space activity data is compared to
the Development Indicator data to find trends. The same Development Indicator from Question 1
are used. The ultimate result of this analysis is the answer to the following question, “Is the
performance of countries in the Space Project Case Study Data shown by statistical tests to be
different for countries of different development levels?”
Methods and Assumptions

There are two major steps in the Question 3 analysis. The first step is creating the
Ladders that rank the projects and mapping those rankings to specific countries in Africa. The
second step is performing Chi-Squared statistical tests using the Ladder rankings as a measure of
space activity and the Development Indicators as a measure of national development. The
following section explains both of these stages in turn.
Creating the Ladders

The results of Question 2 are designed to provide a quick and informative summary of
the satellite-enabled activities in Africa. It is organized to most conveniently show what kinds of
projects are accomplished and who is involved. This is primarily shown through the Master
Space Project Matrix. It would be ideal to take the exact results of Question 2 and apply them to
Question 3. This would mean giving countries credit for the project rankings in the Master Space
Project Matrix and using these rankings in the statistical analysis. This is not practical for several
reasons. First, the Master Space Project Matrix purposely leaves some ambiguity as to the source
of expertise, leadership, and financial resources in some categories of projects. For example, if a
project includes one African country and a contractor, the Space Project Matrix does not show
how the contractor contributes. Nor is it intended to. Second, the Master Matrix includes some
projects that do not have a clear set of countries to which they map. Third, the rankings on the
Master Space Project Matrix can be seen as non-monotonic. For example, if an African country
hires a company to build a satellite for them, they gain the highest rankings in both Mission and
Management Architecture. This is because they are working at a level of high control over the
spacecraft (Mission) and they are working on their own initiative (Management). Meanwhile, if
an African country partners with a non-African country to build a satellite, they would end up at
a lower overall ranking. It can be argued, however, that the experience of building a satellite with
another country can involve more technical expertise than hiring a contractor to build one. For
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the sake of the Question 3 analysis, it is desirable to eliminate this kind of ambiguity. This leads
to the definition of five Ladders for ranking the Space Project Case Studies.

Each Ladder is a set of categories or levels that is defined with methods very similar to
the ones used in Question 2. They are based on information and examples in the data, not pre-
conceived expectations. Thus they are not collectively exhaustive. It is possible that higher levels
on the ladder include or imply lower levels, if this is logical. Each ladder is unique in that it
measures one specific aspect of the Space Project Case Studies. As in Question 2, the Ladders
are color coded with red showing the highest ranking and violet showing the lowest. Numbers
are also used for ranking, with one being the lowest.

The topics considered in each Ladder are chosen to help answer the question of how
Architectures relate to development level. The ladders provide Architectures that are more
specific than the Mission and Management Architectures. They are all aspects of a space project
that could be expected to vary with development level. Specifically, two Ladders clarify the
Mission Architecture. These Ladders show us what is technically accomplished in each project
and what technical expertise is displayed by the African participants in each project. Three
Ladders clarify the Management Architectures. Management includes the source of leadership,
expertise and funding. Each of these aspects of Management is considered individually in a
Ladder. The goal is to learn whether each of these project elements shows the same statistical
relationship to development level. Once each ladder is defined, projects are manually assigned to
the appropriate level.

Project Technology Ladder. The first Ladder is the Project Technology Ladder. The goal
of this ranking is to specifically consider what is technically accomplished in the Space Project.
This is generally the same as the Mission Architecture in Question 2. The projects are re-
assessed, however. The chart below shows the 9 levels of the Project Technology Ladder. Here
red shows projects that include satellite design. Orange shows projects that include satellite
operation. Yellow is for projects that include leasing satellite capacity from another operator.
Green means operating ground-based satellite equipment. Blue means working with satellite
data. Violet means participating in regulatory action.

Table 9: Project Technology Ladder
Rank Color Level
Red Design, Build, Launch, Operate Satellite
Red Design and Build Satellites
Buy and Operate Satellite
Lease and Operate Satellite
Operate others' satellites
Lease sat capacity and distribute service
Green | Operate ground segment to send/receive sat data
Blue Process Sat Data and create data products/decision tools
Violet Participate in Regulatory Action regarding Satellites

R IN|W(A~([O1O| |00 |©

Country Technology Ladder. The second Ladder is the Country Technology Ladder. Its
purpose is to rank projects based on what is accomplished by the African entity involved. This is
a departure from anything done in Question 2 analyses. Now the difference between an African
country buying a satellite from a contractor and an African country building their own satellite
can be more clearly seen. One key difference from the Master Space Project Matrix is Level 8.
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This is included to cover projects in which African countries buy satellites from contractors, but
also participate in the design as a training exercise. The Ladder is shown below. This Ladder has
one more level than the Project Technology Ladder, but this is completely a result of what
appeared in the data.

Table 10: Country Technology Ladder

Rank Color Level
10 Red Design, Build, Operate Satellite
9 Red Design, Build Satellite
8 Red Buy and Operate satellite; Train in sat design
7 Buy/Lease and Operate Satellite
6 Operate others' satellites
5 Lease sat capacity and distribute service/content
4 Green Operate ground segment to send/receive sat data
3 Blue Process Sat Data and create data products/decision tools
2 Blue Use/Help Define sat data product
1 Violet Participate in Regulatory Action regarding Satellites

Leadership Ladder. This is the first of the Ladders that relate to the Management
Architecture analysis. The three Management Ladders represent different aspects of project
execution. This ladder ranks projects according to the source of the initiative or coordination for
the project. Note, that the source of Leadership does not have be the organization that provides
expertise or financial resources. Those are treated in their own ladders. Initiative and
coordination can be strictly organizational roles that are accomplished by non-technical entities.
In each case study, the key words for Leadership include terms such as “founded”,
“coordinated,” “led,” and “contracted.”

The table below shows the Leadership Ladder for the Space Project Case Studies. It has 6
levels that reflect the different examples seen in the Case Study data. This draws from the pattern
set by the Management Architectures. The main difference is that collaborations are compared
based on the source of initiative instead of the source of expertise.

Table 11: Leadership Ladder

Rank Color Level
6 Red Single African country or organization
5 Orange | Non-regional Group of African countries or organizations
4 Green Regional group of African countries or organizations
3 Blue External Collaboration, Initiative from Africa
Indigo External Collaboration, Initiative from African and external
2 partners
1 Violet External collaboration, initiative from external partner

Finance Ladder. This is a second Ladder that clarifies the Management rankings. This
one ranks projects based on the source of financial resources. The Ladder is shown below.
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Table 12: Finance Ladder

Rank Color Level
6 Red Single African country or organization
5 Orange | Non-regional Group of African countries or organizations
4 Green Regional group of African countries or organizations
3 Blue External Collaboration, Funding from Africa
Indigo External Collaboration, Funding from African and external
2 partners
1 Violet External collaboration, Funding from external partner

Expertise Ladder. Finally, the Expertise Ladder is the one that most closely resembles the
Management Architecture analysis. The projects are re-assessed, however, to make sure that the
evidence for knowledge from the African partner is correctly interpreted. The Ladder is below,
without the projects.

Table 13: Expertise Ladder

Rank | Color Level
6 Red Single African country or organization
5 Orange | Non-regional Group of African countries or organizations
4 Green | Regional group of African countries or organizations
3 Blue External Collaboration or contract, Expertise from Africa
Indigo | External Collaboration or contract, Expertise from African and
2 external partners
1 Violet | External collaboration or contract, Expertise from external partner

Assigning Project Points to Countries

Once all the Space Project Case Studies are assigned to appropriate Ladders, the next step
is to assign the project rankings to the corresponding countries. This is done separately for each
Ladder. One of the queries of the Project Case Study data is the set of African countries involved
in the project. A matrix is created with all the African countries on the horizontal axis and all the
Case Study Projects on the vertical axis. If a particular country is involved in a project, the
ranking for that project is placed in the appropriate cell. The table below shows a notional
example.

Table 14: Notional Example of Ladder Rankings Assignedto Countries

Ladder1 Country 1 Country 2 Country 3 Country 4
Project 1 6
Project 2 3 3

From this table we can conclude that Country 2 is involved in Project 1 and it has a
ranking of 6 on Ladder 1. Also, Countries 3 and 4 are involved with Project 2 and receive
rankings of 3 on Ladder 1. Note that each Ladder has the same set of countries associated with
particular projects. It is possible, however, for the rankings of a project to vary between Ladders.

In this analysis there are 5 Ladders (as defined abowve), 53 African countries, 78 projects
(out of the original 90 Project Case Studies), and rankings defined for each Ladder.

Performing the Chi-Squared Tests

82



Once the African countries receive credit in the various matrices for project rankings, the
next step is to perform Chi-Squared tests. Two families of variables are considered. Countries are
described based on the Space Project Rankings and the Development Indicators described above.
The Space Project Rankings represent a measure of space activity; the rankings from each
Ladder show a specific aspect of space activity accomplishment (technical, leadership, financial,
etc). Note that the Human Development Report from which the Development Indicators are
drawn does not have data for two African countries, Somalia and Liberia. These countries are
thus excluded from the Chi-Squared analysis. As in Question 1, a cut off probability of 5% is
used to determine if the null hypotheses can be rejected.

The same methodology is used for each of the 5 Ladders to perform Chi-Squared Tests.
First, the matrix that assigns country rankings for the projects is used to create a frequency
summary for each country. This summary shows how many instances of a particular ranking a
country receives. This is the country data used in the Chi-Squared tests. The table below shows
examples from the rankings of several African countries for the Project Technology Ladder.
Algeria is shown to have 2 projects at level 1, 2 projects at level 2, 1 project at level 3 and so on.

Table 15: Example of Frequency Summary for Ladder Chi-Squared Tests

Project Tech
Rankings Algeria Angola Benin
1 2 1 2
2 2 0 1
3 1 1 2
4 0 1 0
5 0 0 0
6 0 0 0
7 2 1 1
8 0 0 0
9 4 0 0
10 0 0 0

Separate Chi-Squared tests are done with each of the seven Development Indicators
(HDI, HD Level, GDP, GDP per Capita, Education Expenditure, Internet Users, and Cellular
Subscribers). For each Indicator three methods are used to bin the countries based on
development data and one method is used to bin the countries based on space data. This analysis
is done with methods that parallel the Chi-Squared tests in Research Question 1. The
Architecture Rankings are divided into 2 bins of equal numbers of levels. The bins are created
for the Development Indicators by ranking the countries based on the indicator and then dividing
the countries in three ways, as follow: four groups with an equal number of countries, three
groups with an equal number of countries, and groups divided based on the range of data or the
order of magnitude. If the range of data is used, the range between the highest development data
point and the lowest is divided into three ranges and countries are binned accordingly. If order of
magnitude is used, bins are based on the changing magnitudes of the data. If Chi-Squared tests
performed in this way are invalid because some of the expected values are less than 5, the
method is slightly altered to see if larger bins create valid tests. This may mean using 2 instead of
three development bins.

For each of these tests, the hypothesis is that countries in different development bins will
have significantly different results for their space project rankings. The corresponding null
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hypothesis is that there is no difference in space project rankings for countries of different
development bins. The theory presented in the literature review suggests that more countries with
higher space project rankings should be more developed. If the Chi-Squared tests are shown to
be statistically significant and the null hypothesis is rejected, the data must be reviewed to find
whether the difference shows more developed countries to be more advanced in their space
project architectures.

3.3.4 Embassy Interviews

This study includes 30 interviews with officials from African embassies. In the section
above on data sources the motivation and methods for data collection in these interview are
explained. This section explains the methods used to analyze the interview data.

The first method used to analyze the interview discussions is a frequency analysis. The
responses from each interview are recorded by the author by typing notes on a laptop during the
interview. This is done in a word processing document. The information is transferred to a
spreadsheet document for processing. Within the spreadsheet, a matrix is formed with responses
on the horizontal axis and countries on the vertical axis. A separate matrix is formed for each
question in the interview. For every country, the key ideas from their responses are identified. If
the same idea has been expressed by a previous country, that instance of the idea is counted. If it
IS a new idea, it creates a new column among the responses. Repeating this process for each idea
from each country leads to a count of how many countries mentioned each idea. The countries
associated with each response are also recorded. The table below provides a notional example of
the matrix used for this frequency analysis.

Table 16: Notional Example of Frequency Analysis for Embassy Chi-Squared Test

Response 1 Response 2 Response 3 Response 4
Country 1 X X X
Country 2 X X X

This tables shows that Country 1 said Responses 1 to 3. Country 2 also mentioned an idea
like Responses 2 and 3. They did not say anything like Response 1. Country 2 added a new
response, #4, that had not been mentioned by Country 1.

The results from the frequency analysis can be synthesized in two ways. One perspective
is to look for common trends throughout Africa. The countries represent much of the geographic,
cultural and language diversity in Africa, thus, the results can be considered as representative of
the continent. For this method, simply use the totals from the frequency analysis that count how
many times each idea is mentioned. The ideas that are mentioned the most can be considered the
most conclusive. A second perspective considers how common responses divide the countries.
Look for responses that are said by many of the countries but not by all of them. If 15 or 20 out
of 30 countries make a comment, it may be worth looking for how the countries who do say it
are different from those who do not. Care must be taken, however, to make sure that if a country
does not say a comment it implies that it is not true for them. Some of the interview questions are
framed this way; many are not. For example, all the countries are directly asked if they have a
national space program. In this question, a definitive answer is received from each country.
Meanwhile, many countries also talk about the importance of privatization in their economy.
This is not directly asked as part of the interview, so it can not be assumed that it is not important
for a country that does not mention it.
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A few questions divide the countries in a way that facilitates statistical analysis. Chi-
Squared analysis is applied here that parallels the tests done in Question 1 and Question 3. These
are cases in which the question is asked to each country, the answer can be considered binary, a
large majority of the countries give the same answer, and those that gave a different answer form
a group large enough to compare in statistical tests. Four responses from the interviews fit these
criteria. The four ideas are listed below.

1. Government agencies in our country that are concerned with the environment use satellite
technology.

2. In my country, the Ministry in charge of science and technology is very large; it has
hundreds of employees or more.

3. Inmy country, financial resources for science and technology are inadequate.

4. The government body in my country that is in charge of communication/information
technology/broadcast is the agency that primarily deals with science and technolo gy
ISSues.

It is not obvious, a priori, whether to compare countries that made these statements based on
space activity or development indicators. Both are done. For the thirty countries in the embassy
study, they are grouped based on whether they say each of these responses. Then Chi-Squared
tests are done to see whether the group that said the response is significantly different from the
group that did not say it. The Chi-Squared tests compare these two groups in three areas, as
follows: the rankings from the Project Technology Ladder, the Human Development Index, and
the Aggregate Space Participation Metric score.

Each set of Chi-Squared tests is done in two ways. For the Embassy response versus the
Project Technology Ladder, each variable in the Chi-Squared tests has two bins. The bins for the
Ladder are the high and low halves of the rankings. One test is done by counting projects in the
Ladder results for each embassy group. The other test is done by counting countries in the
Ladder results. For the Embassy Data versus Human Development there are also two bins for
each variable. One test is done that bins the development data based on the range of HD Index
scores. The other puts the HD Index data into two groups with equal numbers of countries. For
the Embassy Data versus Space Participation, there are two binning methods. One method
creates SPM groups based on the divisions used in Question 1 analysis. One group scores less
than 6; one group scores more than 5. The other method splits the countries into two equal
groups that are sorted by SPM. Each method is chosen based on experience with the variables in
Questions 1 and 3 analyses. The table below summarizes the various combinations of Chi-
Squared tests. All the tests use 2 bins for each variable. The bin for the embassy data is always
two groups: those that made the comment and those that did not. The chart summarizes the
binning methods for the other variables. The chart below is repeated four times — once for each
Embassy Response listed above.
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Table 17: Overview of Embassy Chi-Squared Tests

Project Tech Ladder | Human Development Space Participation
Bins: Low | Bins: Low Bin based Bin using 2
Rankings | Rankings on the groups Bin: 2 arouns
Embassy | (1t05) | (Lto5) with the | Bins: Low | °M-< 9roup
) ) range of with the same
Data and High | and High same # of | SPM (<6) .
. . HD Index . . # of countries;
(yes or Rankings | Rankings countries, and High
data, Low Low SPM and
no) (6t0 10); | (6to 10); ’ Low HDI | SPM (>5) .
HDI and . High SPM
Count Count Hiah HDI and High
Projects | Countries g HDI

The Chi-Squared analysis addresses the question, “Is there any difference in the space
and development data for countries that make this comment and countries that do not?” The null
hypothesis is that there is no difference in the space or development data for countries that make
the comment and those that do not. Each Chi-Squared test is evaluated for validity and
significance. The test is valid if all of the expected values generated in the test are greater than 5.
The test for significance is if the probability of achieving the given results is less than 5%.

3.4 Conclusion

This chapter has accomplishes three tasks. First it provides an overview of the analysis
process for this thesis. Second, it provides a detailed discussion of the data sources and the
methodology for collecting them. Third, it describes the analysis and shows how it is used to
answer each research question. It must be noted that the research questions are not completely
answered by these analyses. The work is limited in geographic scope and the Case Studies may
not cover every aspect of the field. The analysis does significantly and convincingly increase our
knowledge of the answers, however. The results from this analysis are presented in the next
chapter.
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4 Results and Discussion

This chapter presents the results of the analysis for each Research Question and for the
Embassy Interview Analysis. It also provides a discussion that interprets the quantitative results.
Note that the discussion in this chapter is intended to be strictly descriptive and not prescriptive.
The policy prescriptions of the author are presented in a later chapter.

4.1 Q1: National Space Activity versus National Development Level

The results in this section contribute toward an answer to the first Research Question.
This section helps in reaching the first and second goals of the thesis: 1) To understand how
developing countries are using satellite technology; and, 2) To understand how development
level impacts satellite activity.

4.1.1 Summary of Analysis

The first research question of this thesis is, “How does national development level relate
to national space activity?” As discussed in Chapter 3, statistical analysis is used to answer this
guestion. Chi-Squared tests are performed using Development Indicators and Space Participation
data for all the sovereign countries in the world. Two sets of Chi-Squared tests are done. One
uses the Aggregated Space Participation Data. The other uses the Categorized Space
Participation Data. Both sets of tests consider all seven Development Indicators (HDI, HD Lewel,
GDP, GDP per Capita, Education Expenditure, Internet Users, and Cellular Subscribers). The
Chi-Squared tests are done with various binning and counting methods to ensure robustness in
the results.

4.1.2 Results and Discussion

Ovwerall, the results from the Chi-Squared tests consistently show that there is a
statistically significant difference in the number of projects and countries that appear in the
various categories of space activities when the countries are divided based on Development
Indicator. In other words, the statistical tests show that there is a meaningful difference in the
space activities of countries at different development levels.

The Chi-Squared tests are not set up to directly confirm the theoretical assertion that
countries of higher development level show higher space participation scores. When the data is
considered, however, with the knowledge that the groups are significantly different, there is
evidence that the more developed countries have higher Space Participation scores.

Over 35 Chi-Squared tests are done using Development Indicators and Space
Participation data. The cut off probability used in this analysis to reject the null hypothesis is 5%.
All except two of the tests are considered valid because they have Expected Values of 5 or
greater. Only two of the tests are not statistically significant. Both of them use the number of
cellular subscribers as the Development Indicator. The major result remains that the tests show a
relationship between development level and space activity.

The tables below summarize the results of the Chi-Squared tests for this research
question. On each table, the far left column lists five of the development indicators; the top row
shows the binning methods used to divide countries according to these development indicators.
The first table shows the Chi-Squared test results for the Aggregate SPM tests. Recall that
Aggregate SPM counts all the activities of a country in any category. The Aggregate tests show
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two invalid tests; the rest are valid and significant. The second table shows the results from the
Categorized SPM tests. Categorized SPM counts activities within various technical categories.
All the tests are significant except the last two under the Cell Phone Development Indicator.
Note that the Cell Phone data is missing for many countries; this makes it harder to see a

significant difference.

Table 18: Summary of Results from Aggregate SPM v Development Indicator Chi-Squared Tests

Aggregate Four Equal Bins of Three Equal Bins of Range of Data/Order of
SPM Results Countries Countries Magnitude
GDP Valid and Significant Valid and Significant Valid and Significant
GCDaF‘;)iFt):r Valid and Significant Valid and Significant Valid and Significant
Education Exp. | Valid and Significant Valid and Significant INVALID
Internet Users | Valid and Significant Valid and Significant Valid and Significant
Cellular . .. . ..
Subscribers Valid and Significant Valid and Significant INVALID
Table 19: Summary of Results from Categorized SPM s. Development Indicator Chi-Squared Tests
Counting Projects Counting Countries
Categorized Four Equal Bins | Three Equal Bins Dalgrgde: of Four Equal Bins of
SPM Results of Countries of Countries Magnitude Countries
Valid and Valid and Valid and . L
GDP Significant Significant Significant Valid and Significant
. Valid and Valid and Valid and . .
GDP per Capita Significant Significant Significant Valid and Significant
. Valid and Valid and Valid and . .
Education Exp. Significant Significant Significant Valid and Significant
Valid and Valid and Valid and . -
Intermet Users Significant Significant Significant Valid and Significant
Cellular Valid and Valid and Valid not . L
Subscribers Significant Significant significant Valid not significant

Consider first the few exceptions to the general trends in the results. Several of the
Cellular Subscriber tests are not significant. They may be explained as follows. The test with
four equal development bins that counts countries is not significant. Neither is the test that uses
Order of Magnitude to create development bins significant. Note, however, that four other tests
done with the cell phone indicator are shown to be very significant. Their results are on the order
of 10 — much lower than the .05 cut off. A possible reason why the exceptions occurred is the
unusual numbers in those tests. In the Order of Magnitude test the data is in a form that does not
facilitate Chi-Squared. There are four different orders of magnitude in the data but a strong
majority of countries are in the middle two. This leaves a small group at the top and bottom of
just 3% of the countries. Such a lop-sided grouping is not handled well by Chi-Squared. The test
that counts countries with four equal development bins may be off because the cell phone data is
missing for many countries. Instead of testing for the 172 countries for which we have space
data, only 152 countries are included. These occurrences may explain the anomalies.

Once satisfied that the results of the Chi-Squared tests provide a consistent message, what
can be concluded from the results? The theory in this field expects that countries who show a
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greater use of technology should be of higher development level. The Chi-Squared tests do not
prove this directly, but they do provide the tools to look for evidence. This evidence is discussed
below.

The table below shows the set up and results for the Chi-Squared Test that compares
GDP and Categorized Space Participation. This test bins the development data into four groups
of equal numbers of countries. Since there is GDP data for 172 countries, each of these four
groups has 43 countries. Since the 172 countries are sorted from least to greatest GDP, the four
groups of 43 countries represent different levels of GDP from low to high. The data counted is
the number of activities by countries of various development levels in each space category.
Examine the chart below.

Table 20: Example Results from Chi-Squared Categorized S pace Participation Tests

Chi-Squared Test: Four Equal Groups of GDP - Categorized SPM - Count Activities
Count 1 Count 4
Observed (Low) Count 2 Count 3 (High) Total
GDP4 (Low) 95 14 42 0 151
GDP3 134 36 43 0 213
GDP2 210 67 48 7 332
GDP1 (High) 337 133 79 65 614
Total 776 250 212 72 1310
Count 1 Count 4
Expected (Low) Count 2 Count 3 (High)
GDP4 (Low) 89.45 28.82 24.44 8.30
GDP3 126.17 40.65 34.47 11.71
GDP2 196.67 63.36 53.73 18.25
GDP1 (High) 363.71 117.18 99.36 33.75
Chi-Squared test result
1.96x 10

The top section of the chart shows the Observed values, those found in the data. The cells
that read Count 1 to Count 4 are heading columns that count the number of activities in each
corresponding category. Under “Count 17, the activities in Category 1 are counted. The cells that
read GDP4 to GDP1 label the four levels of GDP for the countries. Each of these GDP groups
has 43 countries. GDP4 includes the lowest set of countries by GDP; GDP1 holds the highest set.
The middle section shows the Expected Values. These are the values that the Chi-Squared test
predicts will appear if the null hypothesis is correct and there is no difference between the
groups. The bottom number shows the result of the Chi-Squared Test. It means that the
probability of the observed data occurring by chance is 1.96 x 10*°. This is a very low
probability! It is much smaller than the cut off of .05. Thus, this test is considered significant. It
shows that any difference between the categories chosen is likely to have meaning and not be
random chance.

Next, examine these non-random differences in the Observed data. Recall that the
Category 1 Space Activities are the lowest level of activity. This category includes items such as
attending a space related meeting. It is expected that every development level, from GDP4 to
GDP1, should see the higher scores in Category 1 than in other Categories; and this is what
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appears. Category 1 has much higher counts than other Categories in each GDP level. The
number of counts in Category 1 also increases with GDP level. In fact, this is true in each
Category. As GDP increases from level 4 to level 1, the space scores increase. This is strong
evidence that more developed countries show higher space scores. Focus also on Count 4.
Category 4 includes activities with owning and operating space hardware. It is very telling that
no projects for GDP4 or GDP3 countries are in this category. That means that the countries with
the lowest GDP’s do not have or operate space hardware, according to the sources in this study.
Meanwhile, the highest GDP level has 65 instances of Category 4 activities. This is strong
evidence that higher development is associated with greater space activity.

Consider also the Aggregate SPM versus GDP results for confirmation. They are shown
in the chart below.

Table 21: Example Results from Chi-Squared Aggregate S pace Participation Tests

Chi-Squared: Four Equal Groups of GDP — Aggregate SPM — Count Countries
Observed SP1(10-21) | SP2(6-10) SP3 (0-5) Total
GDP4 (Low) 0 2 41 43
GDP3 0 11 32 43
GDP2 10 21 12 43
GDP1 (High) 36 7 0 43
Total 46 41 85 172
Expected SP1 SP2 SP3
GDP4 (Low) 11.5 10.25 21.25
GDP3 11.5 10.25 21.25
GDP2 11.5 10.25 21.25
GDP1 (High) 11.5 10.25 21.25
Chi-Squared Test Result
1.86 x 10°°

In this chart, Space Participation is binned based on a sum of all the points. Each country
earns one point for each of their space activities, and their Aggregate SPM score is the total
number of points. The Aggregate analysis with GDP tells the same story as the Categorized
analysis. In this case, the columns in the Observed data show how many countries from each
GDP level have the specified number of Aggregate SPM points. This analysis should be biased
towards the less developed countries because they receive the same credit for Category 1
activities as for higher Categories. Look at the Observed results under SP1. This shows how
many countries in each GDP category have greater than 10 Space Participation points or
activities. This is the highest Space Participation Category. None of the GDP4 or GDP3 (the low
score GDP countries) achieve this high space score. Focus on the row of GDP4. These low GDP
countries only have 2 representatives in the middle space participation level. Forty-one out of
forty-three are in the lowest category. The column of SP3 is also telling. The number of
countries in this low space category monotonically decreases as GDP increases. Finally, in the
GDP1 category, there are no countries with less than 5 Space Participation Points. The trends in
this data certainly support the idea that countries with higher development levels have higher
space participation. This is what is expected based on theory.
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So far this section has looked closely at the results from the GDP analysis to see if there
is evidence of greater space participation for higher GDP countries. Next, compare the results
from GDP to the other Development Indicators to see if the relationship is always of the same
strength.

The table below shows the Chi-Squared test results for 5 of the Development Indicators
in one instance of the test. The second row shows tests that use the Aggregate SPM bins and the
4 equal groups for the Development Indicator bins. The third row shows the results for the
Categorized SPM bins and 4 equal group development bins. Note that this third row data counts
activities not countries. All of the Chi-Squared tests represented here are valid and significant.

Table 22: Results from SPM Chi-Squared Tests with Five Dewelopment Indicators

Per Capital Education Inte rnet .
GDP GDP Expenditure Users Cell Subscribers
Agg;?\%ate 1.86x1028 | 1.30x10° | 2.90x10* |4.75x10°® 417 x10°®
Categorized
SPM 1.96 x10%° | 1.01x10° 1.6 x10™ 6.7 x10° 5.82 x 10™
(Count
Activities)

This chart shows decimals that represent small probabilities. Each of them is much less
than .05; this is why the tests are considered significant. Focus on the exponent on the 10 in each
result. This shows the order of magnitude. In general, if the order of magnitude is very negative,
it implies a stronger affect of the variable. This is read with caution because the accuracy of the
software used in the test is not accounted for. The overall trend, however, can be considered.
Look at the row for Aggregate SPM. The probability for GDP is much more negative than any of
the other indicators. The same is true for the Categorized SPM row. This is evidence, though
somewhat weak, that space participation may follow GDP more than the other Development
Indicators. Further analysis with other methods, such as regression, could be employed to
confirm this suspicion.

Finally, summarize the conclusions from the Question 1 data analysis. The results of the
Chi-Squared tests clearly and consistently show that there is a meaningful difference in space
activity for countries at different development levels. There is strong evidence in the data that
countries with higher development rankings also have higher space participation scores. The
reverse relationship is also suggested. Countries with higher quantity and quality of space
activity are more highly developed. It is possible that GDP is the best Development Indicator to
predict space participation among all countries. This could be confirmed by future regression
analysis.

4.2 Q2: Mission and Management Architectures

The results in this section contribute toward an answer to the second Research Question.
The analysis for Question 2 is primarily exploratory and inductive. This section helps in reaching
the first goal of the thesis: to understand how developing countries are using satellite technology.
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4.2.1 Summary of Analysis

The second research question is this, “What Mission and Management Architectures are
developing countries using to apply satellite-based technology to national needs?” The data used
in this analysis are from the Space Project Case Studies that review satellite-enabled activities in
Africa. These activities are in the areas of remote sensing, communication and navigation. The
main steps in this analysis are to define appropriate categorization schemes and organize the
projects within them. The results of this analysis are a series of matrices and tables that show
trends in space activities of African countries and organizations.

4.2.2 Results and Discussion

There are several layers to the results from Research Question 2. The following section
shows the Master Space Project Matrix, the Specialized Space Project Matrices, the Roles and
Actors Analysis, Trends in Project Purpose, and Trends in Project Architectures over Time.

Master Space Project Matrix

The first result is the Master Space Project Matrix. It takes all of the 90 Space Project
Case Studies and organizes them to show their Mission and Management Architectures. Recall
that the Mission Architectures reflect what is technically accomplished in the project. The
Management Architectures show who is directly involved in the project. The Master Space
Project Matrix is shown below with the numbers of projects in each category filled in. The full
matrix with project names can be seen in Appendix C. The horizontal axis shows the
Management Architectures. The vertical axis shows the Mission Architectures. Note that some of
the Architecture names have been shorted to facilitate visual presentation.
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Figure 6: Master Space Project Matrix with Results
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Consider first observations from the Matrix about the Management Architectures. The
totals for each row and column are shown in parentheses along the top row and far left column.
The matrix shows that most projects fall in the red, blue and indigo columns (#1, #5 and #6
counting from left to right). Thirty-seven of the ninety projects involve an African country
working on its own or with contractors. The total number of collaborations with external partners
is the sum of columns #4 to #6 in green, blue and indigo. This gives a total of thirty-nine out of
ninety. Meanwhile, only six projects in the orange (#2) and yellow (#3) columns involve
collaborations between African countries. There is much more collaboration between Africans
and external partners than between African partners. Looking further within the external
partnerships shows that in most collaborations, the external partner is bringing satellite expertise.
Sometimes the African partner brings it as well, as shown in the blue column (#5). In twenty-
three out of thirty-nine cases, however, the external partner provides all the relevant satellite
expertise. This is contrasted with the three projects in the green column (#4) in which the
external partner brings some other resources such as funding or coordination.

Now focus on the Mission Architecture trends in the rows of the matrix. The largest rows
are green and blue (#4 and #3 counting from bottom). Thirty-one of the projects involve
processing satellite data and twenty-two involve operating satellite-enabled ground equipment.
These Mission Architectures are relatively low in the spectrum. They rank as levels 4 and 3,
while 10 is the highest. Despite this concentration near the bottom, there is an optimistic
concentration near the top as well. There are nine projects in the top row — Design, Build,
Launch and Operate a Satellite. There are fifteen projects in the third row from the top — Buy and
Operate a Satellite. In this case, seven of the fifteen projects are done by external organizations
that provide service in Africa. Thus, the real focus for African activity is in the other eight
projects involving buying and operating satellites. Six of these are done by single African
countries while two are done by African collaborations. Interms of project Mission Architecture,
there seems to be heavy activity in either buying and building satellites or just using satellite data
from others. There are fewer examples of middle level Mission architectures such as leasing the
satellites of others or leasing capacity on the satellites of others.

Next inspect the matrix as a whole for trends. Think of the matrix as having four
quadrants, top-left, top-right, bottom-left and bottom-right. The projects generally fill in all the
guadrants except the top-right. The largest numbers can be found in the bottom right quadrant. In
that section there are fifteen projects for processing satellite data that involve external
collaborations in which satellite expertise comes from the external partners. Meanwhile, nine
projects process satellite data with satellite expertise from both the African and external partners.
Another high scoring cell is eights projects that operate ground based satellite equipment and use
external expertise. By contrasting the two quadrants on the right side of the matrix, it is clear that
most external collaborations lead to low Mission Architectures. There are very few data
processing projects that involve only African entities. This may be because the partners tend to
supply the data in such projects. Thus, African groups on their own do not have the data
resources. The top-left quadrant shows quite a few African projects that pursue high mission
architectures. There are more projects involving a single country or organization in this quadrant
than there are inter-African collaborations.

The next section discusses the Specialized Space Project Matrices. They will provide
additional insight into the information on the Master Space Project Matrix.
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Specialized Space Project Matrices

Three matrices are produced based on the same rules and assumptions as the Master
Space Project Matrix. Each one only includes the projects in its specific area of technology
specialization. The three areas are remote sensing, communication and navigation. Each of these
subordinate matrices are presented and discussed below.

Remote Sensing

A total of fifty-three projects out of the ninety space project case studies can be classified
as Remote Sensing. They receive this classification if the final goal of the project is related to
remote sensing, as evidenced in the project documentation. The Matrix of Remote Sensing
Projects is shown below with the numbers of projects in each category filled in.
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Figure 7: Remote Sensing Space Project Matrix

This matrix has similar but not identical axes as the Master Matrix. The horizontal axis is
still showing the Management Architectures. The vertical axis shows the Mission Architectures.
The specific entries in the Architectures are chosen based on the data available in just the remote
sensing case studies. The Mission Architectures that are shown here all appeared in the Master
Matrix. The Management Architectures bring added information about the source of funding in
collaborative projects. Notice that there are four categories of external collaboration instead of
the three in the Master Matrix.

How do the trends in the Remote Sensing Matrix compare to those of the Master Matrix?
First, notice that the overall layout of the projects within the Remote Sensing Matrix is similar.
There are few projects in the top right quadrant; far more in all the other quadrants. There are
many projects in the lower right quadrant that involve processing satellite data. This shows that
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the bulk of the projects in that group on the Master Matrix are actually remote sensing projects.
There is also a matching large group of projects in the top left quadrant of both the Master and
Remote Sensing Matrices. Thus, most projects in which individual African countries build a
satellite are remote sensing projects. A preliminary conclusion may be that African countries
demonstrate a high level of accomplishment in the area of satellite design for remote sensing.
This will be clarified and qualified more in future analyses. For now, note that the projects with
the highest Mission and Architecture rankings are in remote sensing; they are not in
communication or navigation. There is no Management Architecture for “External Company or
Organization that provides services in Africa”. This is not a mode that is observed in Remote
Sensing, only in other satellite areas.

Consider specific columns. The most populous columns are the red, indigo and violet or
#1, #6 and #7 as read from left to right. Nineteen of the fifty-three remote sensing projects are
done by one African country who may hire contractors. Fifteen is the next highest column. These
projects are done in external partnerships. The funding and execution come from outside, but
some of them include training opportunities for the African partners. In third place is the indigo
column with eight projects. These are external partnerships in which the funding is from outside
Africa, but both sides contribute satellite expertise. There are only two or three projects in each
of the other columns. There is little collaboration among Africans in remote sensing and little
external collaboration in which the Africans bring both funding and expertise.

Consider specific rows. The most populous rows are the first row, “Design, Build,
Launch and Operate Satellite” and the second row from the bottom, “Process Satellite Data...”
Together these two rows make up forty-one of the fifty-three projects. None of the other rows
even have project numbers in the double digits. Thus, remote sensing projects tend toward two
extremes: those providing complete control of the satellite to the African country or those that
provide no control of the satellite to the African country. In the data processing projects,
Africans are working with satellite data that is collected by other entities for their own purposes.
Focus on the bottom row, “Use Satellite Data Products or Decision Tools.” These types of
projects involve African actors obtaining satellite data that is already somewhat processed and
using it. The data may be purchased or it may be freely available. The common way of using it is
to input it into a Geographic Information System and organize it in a way that is relevant to the
user. There are no external collaborations in this row. This may imply something important. This
work requires less specific knowledge of satellite-based technology. Note the five projects that
intersect “Use satellite data products” and “One African country or organization.” These projects
involve both remote sensing and navigation. In the Master Space Project Matrix, they are
categorized based on their performance in the navigation area because they rank higher in
navigation than in remote sensing.

Focus now on the projects that involve external collaborations. Most of them work on
processing satellite data. Observe the green column (#4 from the left). Here are three satellite
data processing projects in which the African partner has the requisite expertise and some
funding. They need a partner to help with funding, but not to supply the expertise. Note that all
three of the Case Study Projects in this column are not short term efforts, but well-established
centers that provide data processing services and training to other Africans. Here external
funding has lead to a long term benefit and the productive use of African skill. What does this
imply about the barriers that prevent African countries from using satellite technology? Is lack of
money or expertise a bigger barrier? The other three columns showing collaborations seem to
imply that external expertise is sorely needed. The majority of these projects depend heavily on

97



outside expertise. Many of these projects are short term efforts that are meant to lead to more
long term work. A majority of them is sponsored by the European Space Agency (ESA) and rely
on data collected by various ESA satellites. The influence and benefit of outside expertise can
not be denied.

Communication

The Communication Specialty Matrix has twenty-seven case studies. The Mission
Architectures that describe communication projects vary notably from those of the Remote
Sensing Matrix, although they are all found on the Master Matrix. The Management
Architectures are less specific on the Communication Matrix than on the Remote Sensing
Matrix, simply because the case studies do not provide as much detail. Note that the column for
“External Company or Organization that Provides Services in Africa” is needed for
Communication projects whereas it is not used in the Remote Sensing Cases. The
Communication Matrix is shown below.

Communication One Non-Regional Collaboration External
. African African Between Company or
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Operate Leased Satellite 1
(1)
5 1

Operate Ground
Segment of Satellite 2 5
Comm System (7)

Regulatory Action in
Satellite Communication 0 1

(1)

Figure 8: Communication Space Project Matrix

What can be learned from the Communication Matrix? First, note that the range of
technology in the Mission axis is limited. The highest level of project in Remote Sensing
involves building, designing and operating a satellite. Here, the highest level of project involves
buying and operating a satellite. This is logical because communication satellites are more
complex and challenging to design than remote sensing satellites. African countries have chosen
to only buy communication satellites rather than be involved with their design. Second, note the
Communication Matrix has an overall distribution of projects that echoes the Master Matrix. A
major difference is that the top right corner does not seem so empty. It is dominated by External
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Companies that operate satellites that service Africa. There is only one column showing external
collaborations and only one project that includes African collaboration.

Consider specific columns. The first column from the left has almost half of the projects.
There is a healthy range of Mission Architectures in this column, from buying communication
satellites to operating the ground segment. Note that the projects in which an African entity buys
a satellite only involve 2 countries, Nigeria and Egypt. Egypt actually accounts for four of the
five projects in the first two cells in this left-most column. There are five projects that involve
leasing satellite capacity and distributing service or content. Most of these projects are
implemented by commercial or non-profit organizations. Only one is a quasi-governmental
organization that operates in a commercial manner. No other column has as much diversity of
Mission Architecture as the first.

It should be noted that the Communication Matrix may not adequately represent realistic
proportions of the kinds of projects that are done in Africa. The examples represent well the
kinds of activities that are done, but the numbers may be uninformative. The Space Participation
data and the Embassy interviews evidence a great deal of satellite communication activity in
African. The fact that there are fewer Communication projects than Remote Sensing projects
should not be taken as evidence that communication is less important or prevalent. The
communication simply activity has a different structure, as will be seen in the Roles and Actors
analysis.

Navigation
Fourteen of the ninety Space Project Case Studies are on the use of Satellite Navigation

technology. The Mission Architectures used to describe this limited data set are very specific to
the activities in this field. It is the only way to show differentiation between the projects. African
use of satellite navigation technology is limited to the architectures that involve operating
ground-based technology to receive data. No African country owns navigation satellites. They
benefit, like many other countries, from the availability of two global satellites systems that are
owned by the United States and Russia. When they partner with Europe, Africans also benefit
from the European satellites that augment the signal from the US system. The Mission
Architectures in this matrix show the sophistication with which the navigation satellite signal is
received and processed. See the table below for the full matrix.
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Figure 9: Navigation S pace Project Case Studies

The highest Mission level is for companies that create and sell products that can receive
signals from the navigation satellites. No African entities are involved in this, but such products
are sold in African markets. The second Architecture is using navigation satellite signals with
Augmentation. This refers specifically to Europe’s system of satellites that provide corrections to
the signals of the GPS systems of the US. This makes it feasible to use the GPS signals for
airplane navigation because it increases the fidelity of the signal. The next architecture is using
the data from a navigation satellite signal receiver in a Geographic Information System (GIS).
This means that the location data is collected and stored and transferred to a computer. GIS
software is used to put that information data in a format that can be easily integrated with other
information and visualized on maps. The lowest Architecture level involves simply using a
navigation satellite signal receiver and finding the location ofan individual.

This is a very sparse matrix and it does not reflect the overall shape of the previous ones.
Most of the projects involve individual countries using satellite navigation data and GIS. Focus
on the box in the first column that has eight projects. Five of these projects are from national
governments recording their use of satellite navigation technology and GPS to facilitate the
execution of their national census. The other three projects in that box are from commercial
African companies that use satellite navigation data and GIS in construction or contracting work
for clients.

The one project in the middle column warrants mention. The project uses a specially
designed, small device that can be attached to a bird for tracking purposes. The device includes a
receiver to get position information from navigation satellites. It also uses cellular technology to
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send that information to the researchers. Only one example of this kind of animal tracking was
found, but these methods are likely used often.

This concludes the review of the Mission and Management Architectures that are found
in the various Project Architecture Matrices. The next section shows the Roles and Actors of the
Space Project Case Studies.

Roles and Actors

The purpose of the Roles and Actors analysis is to add to the understanding provided by
the Architecture Matrices. It is yet another way to organize the data from the ninety Space
Project Case Studies. The Management Architectures only show whether African or non-African
entities are involved in the projects. The next analysis gives more concrete information about the
organizations involved. The term “Actors” simply refers to the entities that are doing the action.
The term “Roles” is based on the highest technical activity of the Actors. Separate analysis is
done for each of the three satellite technology areas — remote sensing, communication and
navigation.

Remote Sensing

The graphic below shows the various roles seen in the Remote Sensing Space Project
Case Studies. The Roles are listed on the far left without boxes. They include Satellite Builders,
Satellite Owners and Operators, Satellite Data Processors, Coordinating Organizations and Data
Users. Each colored box gives a category of Actors. Below the category, examples of specific
organizations from the case studies are listed. These examples are the Actors.
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Figure 10: Roles and Actors in African Remote Sensing
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Coordinating Organizations is the vaguest Role label. This refers to groups that do not
necessarily bring satellite expertise, but they do provide leadership in projects that use satellite
technology. They bring together the partners, sometimes provide funding or help to secure itand
disseminate information that is produced as a result of the projects. The Roles and  Actors
diagram is color coded in a manner similar to the Matrices. The Role that is most involved with
the satellite technology is red. The colors continue down the spectrum as the roles move away
from direct involvement with the satellite. It can be argued that Data Users are more closely
involved with the technology than Coordinating Organizations. That is true in the technical
sense, but in the context of executing the projects, the Coordinating Organizations have more
influence than the data users. Note also that the diagram is designed so that each role can include
the roles below it. Thus Satellite Builders are often Satellite Owners and Operators. They also
process and use satellite data. Some times they even coordinate projects. With this in mind, it
also makes sense to have Coordinating Organizations above Data Users. They do sometimes use
the data as well.

The key insights that can be drawn from this diagram are the locations of African
organizations and knowledge of whether they are public or private institutions. Within the Role
of Satellite Builders, there are Non-African Space Agencies, Non-African Companies and
African Entities. This means that the builders for satellites in the Space Project Case Studies
came from these three sources. The two African entities that have truly demonstrated
independent expertise in building satellites are the Sun Space and Information Systems company
and the Electronic Systems Laboratory (ESL) at Stellenbosch University. Both are in South
Africa. Sun Space actually is a spin off company from the ESL. It functions as an independent
commercial corporation. The ESL is part of a government university. It is easy to see that there is
very limited capacity for building satellites in Africa. A few other countries are pursing the
capability, including Nigeria, Algeria and Egypt. Several case studies show that when they buy
remote sensing satellites, they also pay for training in satellite design from the contractor. None
of them have independently built a satellite at this time.

Consider now the role of Satellites Owners and Operators. Within Africa, there are two
major types of entities that do this. They are the national space agencies and the national remote
sensing agencies of a few countries. Not many African countries have official national space
agencies, as is evidenced by the Embassy Data and the Space Program Case Studies. Only
Nigeria and Algeria have officially named Space Agencies. The satellite projects of these space
agencies are part of the Space Project Case Studies. Egypt has a clear space policy, led by two
distinct entities. One of them is NileSat, which deals with satellite communications. The other is
the National Authority for Remote Sensing (NARSS). Both NileSat and NARSS are reviewed in
Space Project Case Studies, and they appear as examples in the cooresponding Roles and Actors
Diagram. South Africa is in the process of creating a space agency, but it is not yet established as
of early 2008. A strong South African organization with satellite expertise is the Space
Applications Center of the Council for Scientific and Industrial Research. The SAC is also one of
the Space Project Case Studies. This diagram, then, shows most of the strong government
organizations in Africa with remote sensing satellite operation expertise. Those with
communication expertise are shown in the next diagram.

In the Role of Satellite Data Processors many more examples could be listed. This task is
done by many Actors, as shown in the diagram. The category “African Scientific Networks”
refers to non-institutionalized groups that work together on a common problem from disparate
geographic locations. Two case studies, Miombo and MARA, show this type of collaboration.
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The other three categories of Actors generally refer to governmental organizations. The Regional
and National Remote Sensing Agencies are supported — at least in part — by African
governments. This is also true for most universities in Africa, according to the Embassy
Interviews. Thus, the Satellite Operator and Data Processor Roles are dominated by government.

The Coordinating Organizations are in two forms, African Regional Associations and
Multilateral Development Organizations such as the United Nations. In these categories many
more examples can be added. The African Regional Associations are government collaborations.
They work closely with the Multilateral Development Organizations. Finally, there are two kinds
of Data Users. Both of them are government related — the agencies and the universities.

It is easy to conclude that the Actors in the Remote Sensing area are largely government
institutions. The other conclusion is that Africans overall are most active starting at the level of
Satellite Data Processors and below. They do not have a strong presence as Satellite Builders,
Owners or Operators yet. Notice also that it is easy to see a linear progression through the Roles
in the field of Satellite Remote Sensing. Each Role can neatly encompass the roles below it, and
each role is the logical step above the roles below it. This makes sense in terms of both
technology and project execution. The same linear flow is not present in the Communication
Roles and Actors Diagram in the next section.

Communication

This section shows the Roles and Actors for the African Satellite Communication
community. In this case, boxes show Roles and the specific Actors that are observed in the Case
Studies are shown in parentheses. It is not easy to make a linear progression through the roles
from the Satellite Builders to the Data Users. There are many paths through the diagram, as
shown by the arrows between boxes. These arrows show how the technical service and the data
flow from the source to the final user. The colors have the same meaning as in other analyses.
They are red for the highest level of satellite technology and flow downward through the
spectrum toward blue to represent weaker connections to the satellite technology. See the
diagram below.
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Figure 11: Roles and Actors in African Satellite Communication

The top level of Roles holds the Satellite Launchers and Builders. Both groups are
mentioned in the Space Project Case Studies; thus, they are shown here as well. None of the
Satellite Launchers or Builders in the twenty-seven Communication Case Studies are African.
The Launching Companies and Satellite Builders shown in the boxes here are European, Chinese
and American. Of the seven Satellite Owners listed, only one is African. This is the Egyptian
agency NileSat, which is mentioned above. Africans do not make a strong appearance in the
Communication market until one moves down in the diagram to the yellow and green levels
below Satellite Owners and Operators. Several of the Satellite Service Providers are African —
Sentech, MultiChoiceAfrica and InterSat. Sentech operates as a commercial company but it is
owned by the state government of South Africa. MultiChoice Africa and InterSat are commercial
companies that operate in many countries in Africa. Organizations such as these lease satellite
capacity and package content to sell to the many groups in the lowest level (blue). They sell
directly to individuals, to Small and Medium Enterprises, to Universities and to Multilaterals.
Some groups, like Mindset, do both content creation and distribution via satellite. In some cases,
the Service Providers reach the end customers through National Telecommunication Companies
that may be government run.

The challenge of diagramming the interactions within the Communication community is
that the services can have many different pathways. Consider the example of MultiChoice
Africa. They sell satellite television, audio, data and video services to individual homes.
Meanwhile, Afsat is an African company that leases satellite service and sells V-Sat
communication services. Their customers are mainly small enterprises, internet service providers
and corporations. The Embassy Interviews and Literature Review revealed that the National
Telecommunication Companies and the government ministries that oversee them play an
important role in this market. They influence the openness and competitiveness of the market.
The African Virtual University is an interesting Case Study as well. It is a program to send

104



educational material via satellite from all over the world to Africa. The satellite service is
actually provided by Intelsat, a Satellite Owner, directly to this User.

The Communication Roles have much more diversity than the Remote Sensing Roles.
There is quite a mix of government, quasi-government and commercial organizations involved.

Navigation
The Navigation Roles and Actors diagram is simple. There are three levels of non-

Africanroles, and there is one levelat which Africans work. See the diagram be low.

Manufacturers of Sat Nav Ground Equipment
(Thuraya)

Users of Satellite Navigation Technology

Figure 12: Roles and Actors in African Satellite Navigation

The organizations who own the global satellite navigation systems, who own the satellite
augmentation systems and who manufacture satellite navigation ground equipment are all non-
Africa. Several groups from the Project Case Studies rely on the services of these external
service providers. The groups are African National Census Bureaus, Wildlife Researchers,
African Consulting Companies and Development Researchers. The Census Bureaus are
government organizations. The other groups are private.

Purpose

This section summarizes the results of an analysis of Purpose within the Space Project
Case Studies. The Purpose is defined based on the user’s goal for implementing the technology
as explained in the documentation of the Space Project Case Study. The three charts below show
the main purposes mentioned in the three satellite technology areas — remote sensing,
communication and navigation. This is not an exhaustive list, because some stated purposes do
not fit neatly within a single category. It does show the important trends, however. It is also not
mutually exclusive because some projects list more than one purpose.

The first chart shows the results for Remote Sensing.
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Table 23: Trends in Project Purpose for Remote Sensing Case Studies

Remote Sensing
Water Resource Management 13
Natural Resource Management 7
Agriculture/Food Security 6
Monitoring Desertification 2
Meteorology 2
Wetlands Management 2
Land Cover 1
Pollution Management 1

The largest set of projects is aimed at Water Resource Management. Note, however, that
most of these projects are under the same umbrella program. This is the TIGER program of the
European Space Agency. Through TIGER, ESA funds a series of projects on Water Resource
Management in Africa. Many of the TIGER projects are included in the case studies because
their information is so readily available in one place. Their prevalence, however, may skew the
data. Other common project purposes are natural resource management, food security,
monitoring desertification, meteorology and wetland management.

The next chart shows the common purposes for communication Case Study projects.
Internet, distance education, radio and television stand out as common uses of satellite
communication systems.

Table 24: Trends in Project Purpose for Communication Case Studies
Communication
Internet
Distance Education
Radio
Television
Phone
Telemedicine
Informal Education

RN W] oo | 0of o

Finally, see below for the chart showing the purpose in navigation projects. The use of
navigation technology for national census taking is the dominant example. Note that the
dominance of this example is partly due to data collection methods, as in the case of the TIGER
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projects. All the case studies on the use of satellite navigation data for a national census are from
an online record of a United Nation’s conference on Census Cartography and Management in
Africa.®™ Despite the danger of skewing the data, the author chooses to include all of these
examples because they provide valuable information.

Table 25: Trends in Project Purpose for Navigation Case Studies
Navigation
National Census
Surveying/Construction
Personal Navigation
Aviation Navigation
Wildlife Tracking

Rl w]~

Time Trends

The analysis on the initiation dates for the Space Project Case Studies is done to see if
anything can be learned from the data available. The results are mostly inconclusive. The method
is to divide the Space Project Case Studies into bins based on initiation data and Mission or
Management ranking from the Master Space Project Matrix. The outcome is that most of the
Chi-Squared tests are invalid due to small numbers in the Expected Values. These low Expected
Values imply that the results of the Chi-Squared test can not be trusted.

The charts below show which combinations of binning methods are valid. The top table
is for the Mission tests; the bottom shows the Management tests. The top row of each table
shows the methods used to bin the time data. The far left columns show the methods used to bin
the space project data. Blank boxes in the tables mean that no test is done in that combination. If
a test turns out to be both Valid and Significant, it shows that there is a meaningful difference in
the type of Architectures used at different time periods.

Table 26: Results of Mission Architecture Time Trend Tests

N Three Four
Architecture | Range of Decade Equal Equal Historical Two Time
Time Trend | Time Bin Bins g g Events Periods
Tests Groups Groups
Four Bins | INVALID | INVALID | INVALID | INVALID INVALID Fkxk
Three Bins | == | INVALID | prananot | validnot |- inyayip ok
ignificant | Significant
Several Valid
Two Bins Fkkk INVALID falalaled falakaled falakaled Tests; some
Significant
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Table 27: Results of Management Architecture Time Trend Tests

Management
Architecture | Range of | Decade Eh[g‘] I|E: Ol:J;I Historical Two Time
Time Trend | Time Bin Bins q 9 Events Periods
Tests Groups Groups
Seven Bins flakale faiakaked INVALID | INVALID faiaakad faakail
Five Bins falakaie Fokkk INVALID | INVALID falakoie Fokkk
Three Bins faiakated faiakated INVALID | INVALID Fkkk falakaiel
. Valid, not | Valid, not
**kk*k *kkk ! 1 **kkk *kk*k
Two Bins Significant | Significant

The first issue is the invalidity of so many tests. The suspected reason for this is the
lopsided nature of the data. The Space Project Case Studies are not constructed to be an
historical representation of the evolution of space activity in Africa. Most of the projects in the
Case Studies are currently active or were active within the past decade. The projects that have
early initiation dates are mostly well-established organizations that have existed for decades and
still exist. Thus, the data set used in these Chi-Squared tests does not represent well the true
picture of how Mission and Management practices changed over time. In order to do a more
complete analysis of this type, an intentional literature review is needed to find data about past
projects. The current analysis is done in an exploratory manner to see what can be learned from
the data that is available.

The plot below provides a visual explanation of the limited nature of the data. It shows
the Mission Architecture scores or rankings for the Project Case Studies plotted against the
initiation date for each project. Note that a set of redundant projects are left out, for visual clarity.
These are the TIGER Projects. They are all projects sponsored by the same organization, the
European Space Agency. Most of them have the same Mission Architecture scores and the same
initiation dates. Two of these projects are used to represent the whole group in the graph below.
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Mission Architecture Scores over Time
(Only 2 TIGER Projects Shown)

14
" 12 P SN, C—
o - x
8 *—¢ VS &
%] 10 - * - — — e *
8 *
>
5 8 ¢
9 * X X
=
© 6
< ° n = H oi 0 & %o
C
.% 4 YD D WD S S DY —
0
=

2 n

*
O T T T T T T
1950 1960 1970 1980 1990 2000 2010 2020
Project Years

Figure 13: Mission Architectures versus Initiation Dates, Space Project Case Studies

The graph clearly shows that the majority of its projects start after the year 1990. Some of
the binning methods lead to invalid tests because they create bins with only three or four
projects. Chi-Squared methods do not handle such unsymmetrical data well. Note that the
binning method that is based on historical data uses the years of several major space conferences
as breakpoints. The three UNISPACE Conferences occurred in 1968, 1982 and 1999°"*; the
World Summit for Sustainable Development was in 2002, i

Do not use this plot to conclude that most space activity in Africa occurred after 1990.
This data is not at all exhaustive in a historical sense. It is better used to notice how many current
projects started decades ago.

Consider now the tests that are valid, but not statistically significant. The first of such
tests uses three equally sized bins for the time data and three bins for the Mission Architecture
data. The test is valid in the sense that the Chi-Squared result is believable. The table below
shows the observed data from this Chi-Squared test. The italicized numbers show the indices of
the Space Project Case Studies in each Time Data bin. The lowest indices, from 1 to 30, show
the earliest projects. Projects #60 to #88 are the latest projects. In the first column under Mission,
the three levels represent bins of low, medium and high Mission Architectures. There is no clear
trend in the observed numbers. The row of Low Mission Projects decreases then increases. The
row of Medium Mission Projects increases then decreases. The Chi-Squared result shows that the
probability of achieving such a result by chance is about 19%. Thus, these values are
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inconclusive. The null hypothesis that there is no different in Mission Architectures over time
can not be rejected. This is also true for the other valid and insignificant tests.

Table 28: Results from Valid Time Trend Chi-Squared Test

Early Middle Late
Observed | Projects Projects Projects

Mission #1t030 | #31to59 #60to 88 | Total
Low

Mission

Projects 12 8 16 36
Med

Mission

Projects 7 11 8 26
High

Mission

Projects 11 10 5 26
Total 30 29 29 88

The most informative tests are the ones that divide the time data and the Mission
Architecture data each into two bins. Here a series of Chi-Squared tests are attempted and each
one is valid. The only difference between each test is the year that serves as the cut-off point
between early and late projects. The result is that a range of years is found that lead to valid and
significant Chi-Squared tests when used as a cut-off point. The cut-off years that lead to
significant tests are from 1996 to 2000. For this data set, there is a statistically significant
difference in projects before 1996 and projects after 1996 in terms of their Mission Architecture.
The same is true for the years 1997 to 2000. The observed results from the test using 1998 as the
cut-off year are shown below. Early projects are those before 1998; late projects are from 1998

or later.

Table 29: Results from2x2 Chi-Squared Time Trend Tests with 1998 as Cut-Off Year

Early Late
Observed | Projects | Projects Total
Low Tech
Projects 20 36 56
High Tech
Projects 21 11 32
Total 41 47 88

This data actually shows that the number of high tech projects is much lower in the later
period than in the earlier period. Also, the ratio of high tech to low tech projects decreases. This
preliminary result, then, shows an increase in the number of overall projects, but not in the level
of technology over time. The author notes again that this should not be considered conclusive,
merely suggestive.

4.3 Q3: Architectures versus National Development Level

The results in this section contribute toward an answer to the third Research Question,
“How does national development level influence the Mission and Management Architectures
used by developing countries in satellite-based technology projects?” In this analysis, some of
the methods from Question 1 and some of the methods from Question 2 are combined to crown
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the study. This section helps in reaching the second goal of the thesis: to understand how
development level impacts satellite activity.

4.3.1 Summary of Analysis

The analysis has two main stages. In the first stage, the ninety African Space Project Case
Studies are categorized and ranked based on the methods of Question 2 analysis. In order to do
meaningful tests that are neither redundant nor vague, the categorization schemes from Question
2 are reworked into 5 Ladders. Each Ladder measures a different aspect of the Space Project
Case Study. Projects are ranked on the Ladders. The rankings are applied to the appropriate
African countries that participate in the projects. The second stage is to do statistical analysis
about the countries by using the rankings as a measure of space activity and the Development
Indicators as measures of national development.

4.3.2 Results and Discussion

The results for each Ladder analysis are shown below. The overall result is that virtually
all of the Chi-Squared Tests show a significant difference in the Ladder rankings of countries on
different development levels. This parallels the results of Question 1. It is further evidence that
national development level is a strong determinant of space activity. Note also that almost all the
Chi-Squared tests performed in this section are valid and therefore, believable.

Project Technology Ladder

The Project Technology Ladder ranks projects according to the level of the technical
accomplishments in the project. Thus, it shows what is achieved, without regard to whether it is
achieved by an African entity, a contractor or an external partner. The first result is the
breakdown of projects on the Project Technology Ladder; this is essentially a frequency analysis.
The chart below shows the number of projects in each level of the Ladder. Recall that about 12
Space Project Case Studies are excluded from some parts of the Question 3 analysis because of
poor applicability to these methods. In this Ladder, seventy-nine out of ninety projects are
analyzed.
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Table 30: Project Technology Ladder with Frequency Analysis Results

Rank Color Level Projects # of Projects
Design, Build, SunSat, Sumbandilasat, NigeriaSat-1,
9 Red Launch, Operate ALSAT-1, NX Nigeria, Alsat -2A, Alsat 9
Satellite - 2B, EgyptSat-1, DMC
Design and Build
8 Red Satellites Sunspace, ESL at SU 2
NARSS, Nilesat 102, Nilesat 101,
7 Orange Buy e;r;?e(”)i?eerate NigeriaSat-2, NigComSat, NileSat, 8
RASCOM, ARMC,
6 | orange | l€aseandOperate Nilesat 103 1
Satellite
) Operate others'
5 Orange satellites SAC 1
4 Leasz fftqap?c'ty Sentech, MultiChoice Africa, Intersat, 5
and distribute AFSAT, Mindset
service
RCMRD, UNISA, Botswana V-Sat,
WE Consult, Zambia Census, Liberia
Census, Namibia Census, South
Operate ground Africa Census, Kenya Census, Gath,
3 Green segment to Compuplot, Sierra Leone Census, 22
send/receive sat Ethiopia Census, GPS Crane Track,
data Uganda Telecentre, NePAD eAfrica,
Senegal Telemed, AVU, River
Blindness, EGNOS, Cyber Shepherds,
AIDS Telemed
CENACARTA, CERGIS, AGRHYMET,
Geo-AQUIFER, Centre de Suivi Eco,
RECTAS, Miombo, TIGER Ghana,
TIGER GIS River Man, TIGER WADE.
IWAREMA TIGER, Lake Victoria
Prr?ges;s Stath?ta TIGER, FEWSNET, AFRICOVER,
2 Blue ? d Cte";‘de .a.an LEWS, GMES, NileRiver, Tiger 27
pro “Ct OSOISeCISIO Morocco, Malaria Risk TIGER, TIGER
ARBRE, TIGER StereoSAat, TIGER
SHARE, EPIDEMIO DUE,
GlobWetland DUE, Lake Quality Egypt
TIGER, Coasts Tanzania, Intsormil
CRSP
Participate in .
. . Tampere Conv, Space and Major
1 Violet Regulatgry Action Disasters, Inmarsat, Intelsat 4
regarding Sats
Total 79

In the table above, Rank refers to the level on the Ladder. A higher rank means a higher
level of technical achievement. The Lewels are defined in a similar manner to the Mission
Architectures in this and the next Ladder. The important difference is what is being ranked.
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The most populous levels of the Ladder are 2 and 3. Most projects involve operating
ground technology or processing satellite data. In the next step of this analysis, countries receive
credit for the rankings of their projects. If a country is involved in the project called
CENACARTA, for example, it has an instance of a Level 2 project. The Chi-Squared tests do
not sum these rankings. Rather a frequency analysis counts the instances of each ranking.

The rankings from all of the Space Project Case Studies are compared to the seven
Development Indicators in Chi-Squared tests. The Indicators are Human Development Level,
Human Development Index, GDP, GDP per Capita, Education Expenditures, Internet Users and
Cellular Subscribers. The Chi-Squared tests are performed in two different ways. One method
counts the number of projects for countries in various development and space activity levels. The
second method counts the number of countries represented in various space activity and
development levels. Counting projects means that a country gets credit for every project it has in
a particular level. Counting countries means that the test just checks to see whether a given
country appears ina level at all.

In almost every test, the Chi-Squared analysis shows significance when counting the
number of projects, but not when counting countries. This implies that there is a significant
difference in the number of projects in different rankings associated with countries of different
development levels. More briefly, counting projects shows that development level influences the
level of the space activity. Why does counting countries not show the same thing? This is
probably because most countries are involved in at least one project. When countries are counted
the numbers do not appear different enough to trigger statistical significance.

Consider now an example from the Chi-Squared tests for the Project Technology Ladder
and Human Development Index. The first table shows the values for counting projects; a later
table shows the values for counting countries. Both tables show two technology bins, Low and
High. Low is considered a rank from 1 to 5 on the Ladder. High is for ranks from 6 to 9 on the
Ladder. There are four bins for HD Index. HDIndex4 is the lowest bin and HDIndex1 is the
highest bin.

Table 31: Results from Project Tech Ladder vs HD Index Chi-Squared, Counting Projects

Chi-Squared Test for Project Technology Ladder Rankings vs Human Development Index — Count

Projects
HDIndex4 HDIndex1
Observed (Low) HDIndex3 HDIndex2 (High) Total
Low Tech 84 93 60 52 289
High Tech 9 17 7 24 57
Total 93 110 67 76 346
HDIndex4 HDIndex1
Expected (Low) HDIndex3 HDIndex2 (High)
Low Tech 77.68 91.88 55.96 63.48
High Tech 15.32 18.12 11.04 12.52
Chi-Squared Result 5.38 x 10 Resqlt 'S valid
and significant.

This table above shows the number of projects counted for countries in each of the HD
Index bins. The number of countries in each HD Index bin is between 11 and 13. The lowest
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category of countries, HDIndex4, has ninety-three projects. Eighty-four of these ninety-three
projects rank as Low Tech on the Ladder. Nine rank as High Tech. The highest set of countries
(HDIndex1) has seventy-six projects. Note that this number is lower than the number of projects
for the low group. There are fifty-two Low Tech projects and twenty-four High Tech projects
among these seventy-six. The result of the Chi-Squared test shows that the groups are
significantly different. What does the data show about how they are different?

There are two ways to look at the data to see how development influences Project
Technology Ranking. One can first ask whether more developed countries do more projects
overall than less developed countries. This is possible to determine since the columns represent
approximately equal numbers of countries. In looking at the column totals, it is not strictly true
that more developed countries do more projects. The lowest development level of countries
shows ninety-three projects; the next shows one hundred and ten projects. Thenthere is a drop to
sixty-seven and finally seventy six projects. Development level does not seem to increase the
number of projects completed. Next ask whether the ratio of high technology to low technology
projects is higher for more developed countries. These ratios are shown in the table below. The
countries with the lowest development indices are on the left; the highest are on the right. Now it
is clear that, while more developed countries may not do more projects overall, they do more
projects in the High Technology category. The most highly developed countries show a higher
ratio of high to low technology projects in this case. This is evidence that higher development
leads to more activity in high tech projects. The raw numbers show the same idea when only the
high technology projects are considered. Look back at the Chi-Squared table above and focus
just at the high technology row. Notice that the numbers increase from nine to twenty-four high
technology projects. There is a slight dip at HDIndex2, but this is dip is not seen when only three
HD Index bins are used.

Table 32: Ratios of High Tech to Low Tech Projects
for Project Technology vs HD Index Bins (Count Projects)
Ratio of High Tech to Low Tech Projects
(Proj Tech vs HD Index - Counting Projects)

HDIndex4 HDIndex1
(Low) HDIndex3 HDIndex2 (High)
0.107 0.183 0.117 0.462

The previous set of tables show the results when projects are counted. Now look at the
results when countries are counted. These results are not statistically significant, so one can not
infer anything from the number patterns. The Chi-Squared result means that there is almost a
50% likelihood of them occurring by chance.
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Table 33: Results from Project Tech Ladder vs HD Index Chi-Squared, Counting Countries

Chi-Squared Test for Project Technology Ladder Rankings vs Human Development Index — Count

Countries
HDIndex4 HDIndex1
Observed (Low) HDIndex3 HDIndex2 (High) Total
Low Tech 40 38 30 29 137
High Tech 9 11 7 13 40
Total 49 49 37 42 177
HDIndex4 HDIndex1
Expected (Low) HDIndex3 HDIndex2 (High)
Low Tech 37.93 37.93 28.64 32.51
High Tech 11.07 11.07 8.36 9.49
Chi-Squared Result | 0.482 Test s \alid and not
) significant.

The Chi-Squared tests are also done with Project Technology Ladder rankings versus
Gross Domestic Product (GDP). The table below shows the observed data and results.

Table 34: Results from Project Tech Ladder vs GDP Chi-Squared, Counting Projects

Chi-Squared Test for Project Technology Ladder Rankings vs Gross Domestic Product — Count

Projects
GDP4 GDP1
Observed (Low) GDP3 GDP2 (Low) Total
Low Tech 29 69 112 79 289
High Tech 10 6 9 32 57
Total 39 75 121 111 346
GDP4 GDP1
Expected (Low) GDP3 GDP2 (Low)
Low Tech 32.58 62.64 101.07 92.71
High Tech 6.42 12.36 19.93 18.29
Chi- o5 Test is valid
Squared 1.06 x 107 and
Result significant.

The Chi-Squared test result shows that it is highly improbable that these results happened
by chance. It is statistically significant. Once can say that more developed countries are doing
more projects overall, even though the second highest GDP group is slightly higher than the
highest GDP group. The ratio of High Tech to Low Tech projects is shown below. Interestingly,
the highest GDP group, #1, does have the highest ratio, but the lowest GDP group is in second
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place. Overall, the evidence does favor the trend that higher GDP leads to higher technology
rankings, but the relationship is not completely consistent.

Table 35: Ratios of High Tech to Low Tech Projects
for Project Technology vs. GDP, Count Projects
Ratio of High Tech to Low Tech

GDP4 GDP1
(Low) GDP3 GDP2 (Low)
0.34 0.09 0.08 0.41

A total of thirty-seven Chi-Squared tests are performed just for the Project Technology
Ladder, and there are five Ladders with parallel tests. For the sake of brevity, the results of the
Project Tech Ladder are summarized in the chart below. The Development Indicators are listed
on the far left column; the binning methods for these indicators are listed onthe second row. The
HD Level Chi-Squared tests are not shown because their bins are based on the three Human
Development Levels defined by the Human Development Report.

Note that similar results are seen with the other development indicators as were seen with
Human Dewvelopment Index and GDP. Counting projects generally leads to statistically
significant differences; counting countries generally does not. Each indicator has at least two
significant tests in which projects are counted. All the tests are valid except one. The evidence is
clear from this section that development level does influence the level of projects in which
countries participate. There is slightly weaker evidence that higher development level leads to
higher technology rankings.

Table 36: Summary of Results from Project Technology Ladder Chi-Squared Tests

Counting Projects Counting Countries
Project
Tech Three Range of Four Three
Four Equal . . . Range of
L?:(:]?e r Bins of EquzzIfBlns Data(/)?rder Equa;lfBlns Equa(L)IfBlns Data/Order of
Squared Countries Countries | Magnitude | Countries | Countries Magnitude
Results
HD Inde Validand | Validand | Validand | Valid, Not | Valid, Not
NCEX | Significant | Significant | Significant Significant | Significant iokoiialoiel
Valid and Valid and Valid, Not | Valid, Not
GDP Significant | Significant INVALID Significant | Significant foiokoioloil
GDP per | Validand | Validand | Validand | Valid, Not | Valid, Not Valid, Not
Capita Significant | Significant | Significant | Significant | Significant Significant
Education | Validand | Valid, Not | Validand | Valid, Not | Valid, Not Valid, Not
Exp. Significant | Significant | Significant | Significant | Significant Significant
Internet | Valid, Not | Validand | Validand | Valid, Not | Valid, Not Valid, Not
Users Significant | Significant | Significant | Significant | Significant Significant
Cellular Validand | Validand | Validand | Valid, Not | Valid, Not Valid, Not
Subscribers | Significant | Significant | Significant | Significant | Significant Significant

Country Technology Ladder
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The analysis for the remaining Ladders is very similar to the first Ladder. The Country
Technology Ladder ranks projects and their associated countries according to what the African
entity achieved. This is a specialized form of Mission Architecture rankings, as is the Project
Technology Ladder. In this case, the African countries only receive credit for what they are
clearly documented to contribute to the project. The benefit of this distinction is that it shows the
technical expertise of the African countries and organizations. The table below shows the
Country Technology Ladder with the projects at each level.

Table 37: Country Technology Ladder with Frequency Analysis Results

Rank | Color Level Projects # of Projects
10 Red Design, Bu'ld.' SunSat, Sumbandilasat, Alsat - 2B 3
Operate Satellite
9 Red Design, Build Sunspace; ESL at SU 2
Satellite
Buy and Operate Lo
8 Red sateI);ite' Tra?n in sat DMC, NigeriaSat-1, ALSAT-1, NX 6
o Nigeria, Alsat -2A, EgyptSat-1
design
NARSS, Nilesat 102, Nilesat 101,
7 Orange Oiggj[za;aetslﬂfe NigComSat, NileSat; NigeriaSat-2, 9
RASCOM, ARMC, Nilesat 103
) Operate others’

6 Orange satellites SAC 1
5 LeZiz Z?Sttﬁzﬂ?g'ty Sentech, MultiChoicQ Africa, Intersat, 5
. AFSAT, Mindset

service/content
UNISA, Botswana V-Sat, WE Consult,
Zambia Census, Liberia Census,
Namibia Census, South Africa Census,
Operate ground .
segment to Kenya Census, Gath, Qompuplot, Sierra
4 Green send/receive sat Leone Census, Ethiopia Census, GPS 22
data Crane Track, Uganda Telecentre,
NePAD eAfrica, Senegal Telemed, AVU,
EGNOS, Cyber Shepherds, AIDS
Telemed; RCMRD,
Process Sat Data CENACARTA, CERG IS,_ .Geo-
and create data AQUIFER, Centre de Suivi Eco,
3 Blue products/decision RECTAS,'Mlo'mbo, IWAREMA TIGER, 11
tools Lake Victoria TIGER, FEWSNET,
AFRICOVER, AGRHYMET,
GMES, NileRiver, Tiger Morocco,
Malaria Risk TIGER, TIGER ARBRE,
TIGER StereoSAat, TIGER SHARE,
5 Blue Use/Help Define sat EPIDEMIO DUE, GlobWetland DUE, 16
data product Lake Quality Egypt TIGER, Coasts
Tanzania, Intsormil CRSP, TIGER
Ghana, TIGER GIS River Man, TIGER
WADE, LEWS,
Participate in Tampere Conv, Space and Major
1 Violet Regulatqry Action Digasters, Inma?sat, Intelsat,J 4
regarding Sats
Total Projects 79
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Consider three key differences between the Project and Country Technology Ladders.
First, the highest category in each Ladder is different. In the Country Project Ladder, the highest
category is “Design, Build, Operate a Satellite”. In the Project Technology Ladder, the highest
category is “Design, Build, Operate and Launch a Satellite.” The difference is that there are
Space Project Case Studies that include all four steps. The African partners are only directly
involved in three steps, however. There are no Project Case studies in which Africans launch a
satellite. There are three case studies, however, in which Africans design, build and operate a
satellite. The second difference between the Ladders is that the number of categories is different.
The Country Technology Ladder needs an additional category to show how some African
countries participated in the projects that work toward data analysis. Look at levels 2 and 3. All
of these twenty-seven projects are in one level in the Project Technology Ladder because the
project accomplishes satellite data processing. In 16 projects, however, there is no evidence that
the African partner work on satellite data processing. They work as data product users, and they
help to define the requirements of the data products being developed. The third difference
between the two Ladders is that there is a category in which the African countries buy a satellite
but also receive some training in satellite development. For some of the projects that achieve
designing, building and operating a satellite, the Africans are directly involved in each stage, but
they do not achieve it independently. This Ladder shows an accurate picture of the African
accomplishments in the Space Project Case Studies.

The same sets of Chi-Squared tests are done using the Country Technology Ladder as
were done using the Project Technology Ladder. The same Development Indicators are used to
measure national development level. The chart below summarizes the results of the Chi-Squared
tests for this Ladder. There is no major difference from the results in the Project Technology
Ladder. Although there are subtle differences in the ways the countries participate in the project,
most countries did not move from the High Tech bin to the Low Tech bin. Thus the statistical
results are generally the same.

Table 38: Summary of Results from Country Technology Ladder Chi-Squared Tests

Counting Projects Counting Countries
Country
Tech Range of
Ladder | Four Equal Three Data/Order Four Three D Range of
X . . . . ata/Order of
Chi- Bins Equal Bins of Equal Bins | Equal Bins Magnitude
Squared Magnitude
Results
& Validand | Validand | Validand | Valid, Not | Valid, Not Valid, Not
HD Index Significant | Significant | Significant | Significant | Significant Significant
Validand | Valid and Valid, Not | Valid, Not
GDP Significant | Significant INVALID Significant | Significant INVALID
GDP per | Validand | Validand | Validand | Valid, Not | Valid, Not Valid, Not
Capita Significant | Significant | Significant | Significant | Significant Significant
Education | Validand | Valid, Not | Validand | Valid, Not | Valid, Not Valid, Not
Exp. Significant | Significant | Significant | Significant | Significant Significant
Internet | Valid, Not | Validand | Validand | Valid, Not | Valid, Not Valid, Not
Users Significant | Significant | Significant | Significant | Significant Significant
Cellular Validand | Validand | Validand | Valid, Not | Valid, Not Valid, Not
Subscribers | Significant | Significant | Significant | Significant | Significant Significant
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The statistical results show that there is a relationship between development level and
space activity. Is there evidence that higher development leads to higher levels of technology?
Consider the observed values in the HD Index Chi-Squared test. This test is significant and valid.

Table 39: Observed Values from Country Tech Ladder vs HD Index Chi-Squared, Counting Projects

Chi-Squared Test for Project Country Ladder Rankings vs Human Development Index — Count

Projects

Observed HEEII_r:\j;')X‘l HDIndex3 HDIndex2 H?;?;%X:L Total

Low Tech 79 89 58 51 277

High Tech 9 17 7 25 58
Total 88 106 65 76 335

The HD Index increases from left to right. HDIndex4 is the lowest; HDIndex1 is the
highest. The total number of projects does not increase as Development Level increases. The
number of high tech projects does increase, and the number of low tech projects decreases as
development increases. This can be said to support the idea that higher development is associated
with higher levels of technology. This is supported by the ratio of high to low technology; see
below. The ratio is much higher for the countries in the top level of HD Index. All of this
provides evidence that the more developed countries have more technically advanced space
activities.

Table 40: Ratios of High Tech to Low Tech Projects
for Country Technology v HD Index Chi-Squared (Counting Projects)
Ratio of High Tech to Low Tech Projects
HDIndex4 | HDIndex3 | HDIndex2 | HDIndex1
0.113924 | 0.191011 | 0.12069 | 0.490196

Leadership Ladder

The Leadership Ladder is the first of the three Ladders derived from the Management
Architectures. This Ladder ranks projects according to the level of initiative or leadership shown
by African entities. The Leadership Ladder is shown below with the projects.
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Table 41: Leadership Ladder with Frequency Analysis Results

. # of
Rank [ Color Level Projects Projects
Sunsat, Sunspace, ESL, Sumbandilasat,
NigeriaSat-1, NigeriaSat-2, NigComSat,
CENACARTA, Botswana V-sat, ALSAT-1,
CERGIS, UNISA, Mindset, AFSAT,
. . MultiChoice, InterSat, NX Nigeria, ALSAT-2A,
6 Red S'”%reoﬁfgcnﬁ‘;‘a‘;%ﬁnw ALSAT-2B, EgyptSat-1, NileSat-101, NileSat- 36
9 102, NileSat-103, NileSat, NARSS,
Compuplot, Gath, Kenya Census, ZA Census,
Ethiopia Census, Sierra Leone Census,
Namibia Census, Liberia Census, Zambia
Census, WE Consult, Sentech,
Non-regional Group of
5 Orange African countries or MARA 1
organizations
Regional group of
4 Green African countries or ARMC, Geo-Aquifer, RASCOM, AGRHYMET 4
organizations
External Collaboration,
3 Blue Initiative from Africa GPS Crane Track, NePAD 2
. Engran Collaborqtlon, RCMRD, Cyber Shepherds, Uganda
2 Indigo Initiative from African T 3
elecentre,
and external partners
GMES, Nile River, TIGER Morocco, GIS River
Man, Malaria Risk TIGER, TIGER ARBRE,
TIGER StereoSat Africa, TIGER SHARE,
TIGER WADE, EPIDEMIO DUE, GlobWetland
DUE, TIGER IWAREMA, Lake Quality Egypt
External collaboration, TIGER, Lake Victoria TIGER, FEWSNET,
1 Violet initiative from external AFRICOVER, DMC, Miombo, LEWS, Coasts 34
partner Tanzania, Intsormil CRSP, RECTAS, Centre
de Suivi Eco, Senegal Telemed, EGNOS,
River Blindness, Space and Major Disasters,
Tampere Converntion, AIDS Telemed,
Intelsat, Inmarsat, African Virtual University,
SAC
Total 80

The projects are largely seen in the highestand lowest Ladder Levels. Thirty-six projects

involve only one African country or organization. Thirty-four projects happen because of the
initiative ofa non-African partner.

the tests described above. The table below shows the results.
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Table 42: Summary of Results from Leadership Ladder Chi-Squared Tests

Counting Projects

Counting Countries

Leadership Range of
Lado_ler Four Equal Three Data or Four Equal | Three Equal Range of Data
Chi- Bins Equal Bins | Order of Bins Bins or Ord_er af
Squared Magnitude Magnitude
Results
HD Index Validand | Validand | Valid, Not | Valid, Not | Valid, Not
Significant | Significant | Significant | Significant | Significant iokaioiakolol
GDP \_/all_d_and Valid, Not \_/all_d_and Valid, Not | Valid, Not
Significant | Significant | Significant | Significant | Significant il
GDPper | Validand | Validand | Validand | Valid, Not | Valid, Not
Capita Significant | Significant | Significant | Significant | Significant falaiolols
Education | Validand | Validand | Validand | Valid, Not | Valid, Not Valid, Not
Exp. Significant | Significant | Significant | Significant | Significant Significant
Internet | Valid, Not | Valid, Not | Valid, Not | Valid, Not | Valid, Not Valid, Not
Users Significant | Significant | Significant | Significant | Significant Significant
Cellular Valid, Not | Validand | Validand | Valid, Not | Valid, Not Valid, Not
Subscribers | Significant | Significant | Significant | Significant | Significant Significant

The results of the Chi-Squared tests show that all of the Development Indicators show at

least two significant results except the Internet Users Indicator. All of the significant tests comes
when counting projects, not countries. Internet Usage is not shown to relate to leadership in
satellite activities. Since many other Development Indicators do show a significant relationship,
however, the overall result follows the same trend as seen above. The table below shows just the
ratios of High Leadership projects to Low Leadership projects as evidence that higher
development countries tend to demonstrate more leadership. This table uses the data from the
HD Index test with four equal bins. The results from the GDP per capita test with four equal bins
show similar trends. Note, however, that not all of the sets of ratios are monotonically increasing.
Most, though, do show that the highest development level has the highest ratio.

Ladder vs HD Index Chi-Squared Tests (Counting Projects)

Finance Ladder

Ratio of High Leadership to Low Leadership
HDIndex4 HDIndex1
(Low) HDIndex3 | HDIndex2 (High)
0.430769 | 0.459459 | 0.358491 | 0.897436

Ratio of High Leadership to Low Leadership

PCG4 PCG1
Low) PCG3 | PCG2 (High)
0.39 0.40 0.58 0.91
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Table 44: Ratios of High Leadership to Low Leadership Projects for Leadership
Ladder vs Per Capita GDP Chi-Squared Tests (Counting Projects)




The Finance Ladder is the second of the Management Architecture Ladders. It ranks
projects according to the source of the financial support. A project gains higher ranking if more
support comes froman African source. The Ladder is shown below.

Table 45: Finance Ladder with Frequency Analysis Results

Rank Color Level Projects #.Of
Projects

SunSat, SunSpace, ESL at SU,
Sumbandilasat, NigeriaSat-1,
NigeriaSat-2, NigComSat,
CENACARTA, Botswana V-Sat,
ALSAT-1, UNISA, AFSAT,
MultiChoice Africa, InterSat, NX

6 Red Single African country or Nigeria, ALSAT-2A, ALSAT-2B, 34
organization EgyptSat-1, NileSat-101, NileSat-
102, NileSat-103, NileSat,
NARSS, Compuplot, Gath, ZA
Census, Ethiopia Census, Sierra
Leone, Namibia Census, Liberia
Census, Zambia Census, WE
Consult, Sentech, SAC
5 Orange Non-regl_onal Group pfAfncan ARMC 1
countries or organizations
4 Green Regional group of African Geo-Aquifer, RASCOM, 3
ee countries or organizations AGRHYMET
External Collaboration,
3 Blue Funding from Africa
RCMRD, DMC, MARA, RECTAS,
External Collaboration Centre de Suivi Eco, CERGIS,
2 Indigo Funding from African and NePad eAfrica, Mindset, Space 14

and Major Disasters, Uganda
Telecentre, Kenya Census,
Intelsat, Inmarsat, AVU

external partners

GMES, TIGER Ghana, Nile River,
TIGER Morocco, GIS River Man,
Malaria Risk TIGER, TIGER
ARBRE, TIGER StereoSat,
TIGER SHARE, TIGER WADE,
EPIDEMIO DUE, Globewetland
DUE, TIGER IWAREMA, TIGER
Lake Quality Egypt, TIGER Lake 28
Victoria, FEWSNET,
AFRICOVER, Miombo, LEWS,
Coasts Tanzania, Intsormil CRSP,
GPS Crane Track, Senegal
Telemed, EGNOS, River
Blindness, Tampere Conv, AIDS
Telemed, Cyber Shepherds

External collaboration,

L Violet Funding from external partner

Total 80
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Observe that Finance tends to line up with Leadership. Most projects are still at the
extreme ends of the spectrum.

Table 46: Summary of Results from Finance Ladder Chi-Squared Tests

Counting Projects

Counting Countries

Finance Four Equal Three Range of | Four Equal Three Range of
Ladder Bins Equal Bins | Data/Order Bins Equal Bins | Data/Order of
Chi- of Magnitude
Squared Magnitude
Results
HD Index | Valid and Validand | Valid, Not | Valid, Not | Valid, Not
Significant | Significant | Significant | Significant | Significant faloieialolel
GDP Validand | Valid, Not | Validand | Valid, Not | Valid, Not
Significant | Significant | Significant | Significant | Significant ioeiiale
GDP per Valid and Valid and Valid and Valid, Not | Valid, Not Valid, Not
Capita Significant | Significant | Significant | Significant | Significant Significant
Education | Valid and Valid and Validand | Valid, Not | Valid, Not Valid, Not
Exp. Significant | Significant | Significant | Significant | Significant Significant
Internet Valid, Not | Valid, Not | Valid, Not | Valid, Not | Valid, Not
Users Significant | Significant | Significant | Significant | Significant foloiolololl
Cellular Valid, Not | Valid and Valid and | Valid, Not | Valid, Not Valid, Not
Subscribers | Significant | Significant | Significant | Significant | Significant Significant

The Chi-Squared tests for Finance are almost identical to those for Leadership. Financial

support seems to be coupled with Leadership in this context.

Expertise Ladder

The Expertise Ladder is the third and final Management Architecture Ladder. It ranks

countries according to the source of the expertise. See the Ladder below.
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Table 47: Expertise Ladder with Frequency Analysis Results

# of Projects

Level

Projects

Rank Color

S

Single African
country or

6 Red
organization

Sumbandilasat, CENACARTA,
NileSat, NARSS, Compuplot, Gath,
ZA Census, Ethiopia Census,
Sierra Leone Census, Namibia
Census, Liberia Census, Zambia
Census, WE Consult, Sentech,

unSat, SunSpace, ESL at SU,

SAC, Kenya Census

19

Non-regional
Group of
African
countries or
organizations

5 Orange

Regional
group of
African
countries or
organizations

4 Green

Geo-Aquifer, AGRHYMET, MARA,

External
Collaboration
or contract,
Expertise from
Africa

3 Blue

CERGIS, GPS Crane Track, Cyber

RECTAS, Centre de Suivi Eco,

Shepherds

External
Collaboration
or contract,
Expertise from
African and

external

partners

2 Indigo

ARMC, RCMRD, NigeriaSat-1,
TIGER Ghana, GIS River Man,
TIGER WADE, TIGER IWAREMA,
RCMRD, Lake Victoria TIGER,
FEWSNET, AFRICOVER, ALSAT-
1, DMC, Miombo, LEWS, Space
and Mjor Disasters, Tampere Conv,
NX Nigeria, ALSAT-2A, ALSAT-2B,
EgyptSat-1, Intelsat, Inmarsat

22

External
collaboration
or contract,
Expertise from
external
partner

1 Violet

NigeriaSat-2, NigComSat, GMES,
NileRiver, TIGER Morocco,
RASCOM, Malaria Risk TIGER,
TIGER ARBRE, TIGER StereoSat
Africa, TIGER SHARE, EPIDEMIO

DUE, GlobWetland DUE, Lake
Quality Egypt TIGER, Coasts
Tanzania, Intsormil CRSP, Senegal
Telemed, EGNOS, NePAD eAfrica,
Mindset, River Blindness, AIDS
Telemed, Uganda Telecentre,
AFSAT, MuiltiChoice Africa,
InterSat, NileSat-101, NileSat-102,
NileSat-103, AVU

29

78

Total
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This Ladder has a different distribution of projects than the other two Management
Ladders. There are more projects away from the extreme ends. The main change is that many
projects are in Level 2, where expertise comes from both Africanand External Partners. The next

table summarizes the results of the statistical tests.

Table 48: Summary of Results from Expertise Chi-Squared Tests

Counting Projects Counting Countries
Eli(gggte'f_e Range of Four Range of
. Four Equal | Three Equal | Data/Order Three Equal | Data/Order
Chi- . . Equal i
Squared Bins Bins of_ Bins Bins of_
Results Magnitude Magnitude
HD Index \_/ali_d_and V_ali(_:i,_ Not V_ali(_j,_ Not V_ali(_j,_ Not
Significant Significant | Significant | INVALID | INVALID | Significant
Valid, Not Valid, Not
GDP INVALID Significant INVALID | INVALID Significant ek
GDP per Valid and Valid, Not | Validand INVALID Valid, Not
Capita Significant Significant | Significant Significant folalalale
Education Valid and Valid and Valid and INVALID Valid, Not | Valid, Not
Exp. Significant Significant | Significant Significant | Significant
Internet Valid and Validand | Valid, Not INVALID Valid, Not
Users Significant Significant | Significant Significant folalalakolal
Cellular Valid and Valid and Valid and INVALID Valid, Not
Subscribers Significant Significant | Significant Significant foioioiaioll

This summary of Chi-Squared tests shows the most mixed results. HD Index and GDP
are not shown to have meaningful relationships with expertise. The Development Indicators
GDP per capita, Education Expenditure, Internet Users and Cellular Subscribers do seem to have
a relationship with expertise as demonstrated in these projects. It is fitting that the only
Development Indicator that is consistently significant is Education Expenditure. Consider these
results in more detail in the two tables below.

Table 49: Observed Values from Expertise Ladder s
Education Expenditure Chi-Squared, Counting Projects

Chi-Squared Test for Project Country Expertise Rankings vs Education Expenditures — Count Projects

Observed I(EL%LVJV? EDU3 EDU2 I(EHEI);hl) Total
Exp Low 74 106 73 52 305
Exp High 2 8 11 12 33

Total 76 114 84 64 338

This first table shows that the highest education level has a lower number of projects than
the lowest level. The number of low expertise projects decreases from left to right, though this is
not monotonic. The number of high expertise projects monotonically increases. This is strong
support that higher education yields the ability to be involved with projects at a higher level of
expertise.
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Table 50: Ratio of High Expertise to Low Expertise Projects
for Expertise Ladder vs Education, Count Projects
Ratio of High African Expertise to Low
African Expertise Projects

EDU4 EDU1
(Low) EDU3 EDU2 | (k)
0.03 0.08 0.15 0.23

The ratios of high expertise to low expertise projects clearly increase as Education
Expenditure increases.

4.4 Embassy Interviews

Representatives from 30 African countries are interviewed as part of this study. Recall
that the purpose of the Embassy Interviews is to provide background information about the
National Innovation Systems of African countries. There are two sections in the analysis of the
information from the Embassy Interviews. The first section, a Frequency Analysis, shows the
most commonly stated answers and discusses their import. This shows common trends in African
countries from different parts of the continent. The second section, a Statistical Analysis, uses
Chi-Squared tests to find whether there is any significant difference between countries that make
different statements in the interviews. Here, instead of looking for common trends, the analysis
shows distinctions between countries.

4.4.1 Frequency Analysis

There are ten questions in the Embassy Interviews. This section shows the responses to
each question in turn. In some cases, information from one question can also be applied to other
questions. The responses are kept separately here, however. The presentation is true to the way
the speaker gave the information. Ineach question, the most commonly cited answers are shown.
A cut off is subjectively chosen for each question. In some questions, there is very little
agreement; if 3 countries make a comment, this is a high score. In most questions, a response is
mentioned if more than 5 people say it.

Note that the comments below must be read with some caution. Most questions in the
interview are open ended. If a particular interviewee does not make a comment, this does not
imply that the comment does not apply to their country. A few questions are directly asked to
each country. These are used in the statistical analysis in the next section. In most cases, seeing a
givenset of countries make a comment only shows that there are at least that many countries for
which it is true. There may be more that did not say it. Given the open-ended nature of the
interview, any convergence in the responses is very significant.

Questions 1 and 2

The table below shows the first two interview questions. These two questions are
analyzed together because the information in their responses is so overlapping. Question 1 is,
“Are there one or more central government bodies that are responsible for national science and
technology policy?” Question 2 is, “What is the relationship between the government and other
entities such as universities, industry or national laboratories?”” Question 1 has a number of sub-
questions that guide the speaker in their description of the government bodies. The table below
shows the most commonly stated remarks; any answer mentioned at least 10 times is shown here.
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Table 51: Results of Embassy Frequency Analysis, Questions 1 and 2
Question 1: Are there one or more central government bodies that are responsible for
national science and technology policy?
Question 2: What is the relationship between the government and other entities such
as Universities, Industry or National Laboratories?

Responses to Questions 1 and 2 Frequency

There is a government ministry that promotes science and technology 30
At least some universities are government funded 28
The minister in charge of science/technology is part of the cabinet 27
The minister for science/technology reports to Prime Minister or President 26
There is at least one national university 26
Science/Technology ministries collaborate with entities outside of country 24
Financial Resources for science/technology ministry are inadequate 23
There is a regulatory body for industry 22
There are national laboratories or research institutions 21
The Ministry for Communication deals with science/technology issues 18
Education/Science/Technology has recently been a high priority of the country 18
Ministry in charge of science/technology is very large (hundreds of employees or 18
more)

There are some private tertiary schools 15
The ministry in charge of science/technology collaborates with multilaterals 14
The ministry in charge of science/technology was recently created or re-organized 11
[University research is funded by the government 11
Most industry is private or government is encouraging privatization 11
The body for science/technology financially supports research 10

These responses are full of interesting information. First consider the information about
the government body in charge of science and technology. Note that every single country that is
interviewed states that there is a government ministry whose job it is to promote science and
technology. Furthermore, 27 of the 30 countries note that the minister in charge of this ministry
is part of the cabinet. In 26 cases this minister reports directly to the Prime Minister or President.
The purpose for asking these questions is to look for evidence that priority is being placed on
science and technology in the government. The fact that all 30 countries claim to have a ministry
concerned with science and technology that operates at the highest level of government shows at
least some effort toward putting emphasis on the topic. Eighteen of the countries stated directly
that education, science and technology are currently a high priority in their country. This is very
optimistic given the many international calls for more emphasis in these areas. A less optimistic
observation is that 23 of the countries say that the financial resources allocated to the ministry for
science and technology is inadequate.
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Some other common remarks about the science/technology ministries are that they
collaborate with foreign entities (24 countries); they are relatively large (18 countries); they work
with multilateral organizations such as the United Nations (14); and they give financial support
to research (10). What can be concluded from the large size of many of the ministries for science
and technology? This is not clear. The interviewees do not seem to equate size with
effectiveness. Consider the result that 18 of the countries say that the Ministry for
Communications deals with science and technology issues. This potentially shows the
importance of information and communication technology in Africa.

Some of the answers in this section speak directly about the university system. Twenty-
six of the countries state that they have at least one national university. Twenty-eight say that at
least some of the universities are government funded. Fifteen mention that there are some private
tertiary schools in their country. Eleven countries note that research within the universities is
funded by the government. From these observations several conclusions can be drawn. First,
government funding is very important to the universities in these countries, both for existence
and for research. Private universities may not be as common as government schools; although
this is subject to further investigation.

What do the responses tell about other parts of the National Innovation System, such as
research laboratories and industry? The interview prompts directly ask about the existence of
national laboratories. Twenty-one countries say that there are national laboratories or research
institutions in their country. Note that six countries answer that most research laboratories are in
the universities; they are not independent entities. Four countries say that there are no or few
national labs. It seems from this sample that most African countries do have some government-
based research organizations. In a few cases, they are missing or limited.

The state of industry in the countries is also addressed in an interesting manner with
Question 2. Twenty-two countries respond that the government relates to industry through a
regulatory body, such as a Ministry of Industry. Note that eleven countries say that most industry
Is private or the government is encouraging privatization. Four countries mentioned that industry
is gradually moving toward privatization. Six countries say that most industry is under the
government. In these last three sets of comments there is a common idea. This data reflects the
trend in African countries to move from a more centralized, government run economy toward a
more privatized model; and the move is certainly not complete.

How do these observations relate to the use of satellite technology in Africa? First,
consider the data regarding the ministries for science and technology in Africa. It is good that
there are institutional structures in all the sample countries that are relevant to science and
technology. The Remote Sensing Space Project Case Studies show that many of the users of
satellite data are government agencies that fall under the leadership of such ministries. It is also
good that collaboration with external governments and multilaterals is common. The Remote
Sensing Roles and Actors analysis shows that African regional collaborations and multilateral
agencies often serve as coordinating organizations in satellite projects. Most countries say it is
common for them to collaborate externally. This could lead to more opportunities to benefit from
satellite technology. The importance of the communication technologies clearly relates to
satellites, which are an example of communication technology. If African countries are placing
great emphasis on communication technology, they are well positioned to increase their benefit
from satellites.

Second, the data about universities and national laboratories relates to satellite
technology. These research institutions play the role of Data User and Data Processor in the
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Remote Sensing Roles and Actors analysis. These actors have a key role in achieving benefit
from satellite technology.

Third, consider the transitional state of industry in some African countries. Many African
countries are working towards a more privatized economy. There is evidence for this in both the
Embassy Interview data and the Literature Review. This trend toward privatization has potential
impact on the use of satellite technology. In the field of Remote Sensing, most Actors from the
Space Project Case Studies tend to be government related. In the areas of Communication and
Navigation, there is a mix of commercial and government Actors. In all three areas, most
Africans are involved by operating ground equipment or processing and using data. There is not
presently an industry in Africa for building satellite hardware. Only one commercial entity does
this; it is in South Africa. How will a trend toward privatization affect the opportunities for an
African satellite industry? In Remote Sensing, it may not be very pivotal whether the economy
transitions to being more privatized since many of the uses of satellite technology (as referenced
in the Purpose Analysis) relate to public works that are appropriate roles for government. In the
area of Communication, an increase in privatization is very important. The Literature Review in
this thesis points out that a potential barrier to satellite communication projects is a closed or
highly regulated market. Navigation can be affected in various ways by privatization. On one
hand, government is very involved with the issues of using satellite navigation for air traffic
management. One the other hand, the commercial airlines are certainly affected by technical
advances. The Case Studies show several examples of purely private companies using satellite
navigation.

Question 3

Questions 1 and 2 have the most in-depth set of questions and issues to consider. The
remaining questions have much less scope. As seen in the table below, Question 3 asks, “Is there
a central government body that is responsible for national space related issues?” At the heart of
this question is a desire to know whether there is an official government space agency in the
country. The question is purposely worded very generally to include possible variations from the
space agencies of the western world. The question acknowledges that there may not be a
dedicated office with concern only for space. There may, however, be an office whose role
includes handling national space related issues. The table below shows the responses.

Table 52: Results of Embassy Frequency Analysis, Question 3

Question 3: Is there a central government body that is responsible for national space related
Issues?
Response to Question 3 Frequency
The ministry for communication licenses satellite providers 20
INo or Not sure 11
The Ministry for Infrastructure or Transport 7
The National Aviation Authority 5
The Ministry for Science and Technology 4
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Twenty countries say that the Ministry of Communication is one office concerned with
space issues because it grants licenses to satellite communication providers. This reflects the idea
from Questions 1 and 2 that the Communication Ministry has an important role to play in overall
technology policy. Eleven countries answer with “no” or “not sure”. In some cases, this clearly
reflects a discomfort with the question and a desire to not answer incorrectly. Recall that the
interviewees are diplomats and thus are very careful in their wording. Other ministries are
mentioned that deal with space issues, including Transport, Infrastructure, Aviation and
Science/Technology. It may be that some mention the Aviation Authority because they associate
space with air travel. Another reason may be because the Aviation Authority is concerned with
satellite navigation for air travel. This is not specified. Overall, these responses show that, even if
there is not a clear space agency in a country, issues related to space are handled somewhere in
the government.

Question 4

The table below shows Interview Question 4, which asks, “Does your country have a
national space program?” This is meant to be a straightforward question with a binary response.
It actually generates a variety of responses, as seen in the table below.

Table 53: Results of Embassy Frequency Analysis, Question 4
Question 4: Does your country have a national space program?

Responses to Question 4 Frequency
INo/Not aware of one 20
Yes, within Min of Communication
INot sure
Yes

Space Technology is not a priority

NN W w

\We are in the process of creating one

The majority of the countries (20) say they do not have a space programor agency. A few
say this by carefully stating that they are not aware of such a program. Yet another three
countries avoid answering by saying they are not sure. Interestingly, three countries repeat the
emphasis from Interview Questions 1 through 3 on the role of the Ministry of Communication.
This ministry is said to house within it the space program or policy. This is quite a claim. The
personal interpretation of the researcher is that this simply means the same thing that is stated in
Question 3. The Minister of Communication deals with regulations relating to the use of
satellites for communication. Two countries, Nigeria and Algeria, say that they do have a space
agency. South Africa is the country that says they are in the process of creating one. Egypt,
which does have a clear commitment to a long term space policy, is not interviewed. These
interview results fit the conclusions drawn in the African Space Program Case Studies. Note that
two countries explain why they do not have a space agency by saying that “Space is not a
priority.” Several other comments are made by individual countries along the same lines. One
country says they can not afford to fund a space program. Another says their country only has
space policy with regard to national security and foreign policy issues. These comments are
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understandable given the notion of a space program presented by agencies such as NASA or
ESA. Part of the goal of this research is to expand the image of what an African space program
means and how it can serve needs.

Question 5

Interview Question 5 asks, “If your government wanted to have a satellite launched into
space, how might they obtain this service?” For some countries, this is a purely hypothetical
question. A few countries answer it based on past experience. This few includes Nigeria, Algeria,
and South Africa. For several other countries, there is an established answer for their
government. For example, Kenya suspects that its first option is to use the launch site that Italy
maintains in its territory. For the rest of the countries, what is presented is really the opinion of
the interviewee. It should be taken as such.

Table 54: Results of Embassy Frequency Analysis, Question 5
Question 5: If your government wanted to have a satellite launched into space, how might they obtain this
service?

Responses Frequency
\Work with Russia 6
\Work with China
INo response/Unsure
\Work with US

[Regional collaboration with other African countries

Government wants to launch satellite
[Hire services from else where

Wl Ph|wWw|wW] B>

Question is too hypothetical to answer

The box above shows the question, and below it is a table with the responses. As can be
expected, most countries answer by saying they would work with another country that has launch
capability. These countries include Russia (6), China (4), and the United States (4). Note that a
given interviewee may mention more than one such partner. Another kind of collaboration
mentioned is with African partners. This calls to mind the efforts of the Regional African
Satellite Communications Organization (RASCOM). In this case, about forty African countries
are working together; they have seen the launch of their first satellite in December 2007. The
launch for RASCOM’s satellite is done by Arianespace. This is outlined in one of the Space
Project Case Studies. Four countries give the more general answer that they would hire the
launch services from somewhere. Seven of the thirty countries refuse to answer, either because
they do not know or because they think the question is too hypothetical to answer. Even though
some of the answers show the best guess of the interviewee, overall, they agree with other parts
of the data. In the Space Project Case Studies, launch services for African satellites are provided
by Chinese, US and European launchers. This can be seen in the Roles and Actors analysis.

Question 6

Question 6 asks, “What are some ways your government uses satellite based technology
to meet national needs?” The question assumes that many of the satellite applications are
government activities. The answer takes a slightly broader scope. See the table below.
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Table 55: Results of Embassy Frequency Analysis, Question 6

Question 6: What are some ways your government uses satellite based technology to meet
national needs?
Response Frequency
Communication 23
\Weather/Meteorological 22
Environment/Natural Resources 15
Satellite Television 12
Phone 10
Internet (including commercial service) 8
Air Traffic Control 7
[Navigation 6
IAgriculture/Drought/Food Security 7
[Radio 4

The most frequent answer is that satellites are used for communication. Twenty-three out
of thirty interviewees mention this. Recall that in the Space Project Case Studies, the number of
Remote Sensing Case Studies outweighs the number of Communication Case Studies with a
ration of 53 to 27. The reader is cautioned above to not assume that communication is less
important than remote sensing because of these numbers. Results like this are part of the reason
to not underestimate the importance of communication. Weather is also a frequently mentioned
satellite application. It may be that communication and weather are the most common-place
satellite applications, both in Africa and around the world. People who are not experts on
satellite technology are still aware of how their in these areas.

All of the areas mentioned by interviewees in this question also appear in the analysis on
Purpose for the Space Project Case Studies. This agreement is very positive; it shows some level
of awareness about satellites among these government officials. It also gives credence to both
sets of data.

Question 7

Question 7 is very subjective, but it also is framed in a way that is easily summarized.
The question asks, “On a scale of 1 to 5, how important would you say that satellite-based
technology is to your country?” The interviewees are told that 1 means “Not Important at All,”
and 5 means “Extremely Important”. The responses are shown in the table below.
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Table 56: Results of Embassy Frequency Analysis, Question 7
Question 7: Onascale of 1 to 5, how important would you say that satellite-based technology is
to your country?

Response Frequency
Only answered “5” 17
[Answered “5”” and a lower number (1-3) 3
“4” only 3
“3” only 2
2” only 2
“1” only 0
\We believe technology is a major tool for 3

change and development

There is a lot of potential to benefit from
satellite tech

Satellite technology is a high priority; we
are investing heavily in it

Sat technology is not being used much 6

Current impact of satellite technology on
our country is small

In several cases, the interviewee wants to make two different points. They consider that
importance can be measured in more than one way. It can state how much impact the technology
is having or how much impact is has the potential to have. In order to accommodate both
interpretations, some countries give two answers. As seen in the table, three countries state that
the theoretical importance of the technology is at 5, but they give a lower score between 1 and 3
to represent the actual impact of the technology. Otherwise, seventeen of the countries give a
straightforward answer of 5. To them satellite technology is extremely important. No one says
the importance is just at 1.

In addition to the numerical scores, some countries add qualitative comments. On the
positive side are comments about how technology is a major tool for development (8); and there
is great potential to benefit from satellite technology (8); and the country is investing in satellite
technology as a priority (7). Two other sets of countries say that the technology is actually not
being used much (6) and the impact of the technology is small (5). Note that these positive and
negative comments sometimes come from the same countries. This set of opinions demonstrates
well the motivation for this thesis; there is great potential for satellite technology to meet
national needs in Africa. Unfortunately, the impact is not being fully realized.

Question 8

Question 8 asks, “How do government bodies concerned with the environment use
satellite technology?” This question is designed to be a follow on to Interview Question 6. It asks
a slightly more specific question in the same vein. The answers are shown below.
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Table 57: Results of Embassy Frequency Analysis, Question 8

Question 8: How do government bodies concerned with environment use satellite technology?

Response Frequency
These agencies do use satellite technology 19
These agencies do not seem to use satellite technology 4
These agencies may use satellite technology, | am not sure 3
Satellites are used for Air Traffic Control or Air Navigation 3
They use satellites for remotes sensing 2
Satellites used in mining sector 2

Although this question is specific, the answers are not. Most responses simply indicate
the person’s understanding of whether or not the agencies do use satellite technology. Nineteen
countries mention that the agencies do use satellite technology. Four clearly say that they do not
think the agencies use it, and three are not sure. This leaves four countries unaccounted for. The
examples most frequently stated for how the agencies use satellite technology include air traffic
management, remote sensing and in the mining sector. This question is somewhat disappointing
in its lack of examples. The Space Project Case Studies show that African agencies concerned
with environmental issues frequently use satellite data.

Question 9

Question 9 asks, “What is the relationship between the government, industry and
academia with respect to science and technology issues?” This question is a follow on to
Questions 1 and 2. The question is also somewhat vague and produced vague responses. The
goal of the question is to learn about how money, technology and information flow among these
sectors. Some of the most informative comments are shown below.
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Table 58: Results of Embassy Frequency Analysis, Question 9

Question 9: What is the relationship between the government, industry and academia with
respect to science and technology issues?
Response Frequency
Government provides most or some research funding 14
Government and universities collaborate on research 11
[University and Industry need better ties 7
Government and Industry need better ties 6
Government and academia are close 6
Universities get some funding from foreign organizations 5

Fourteen countries say that the government provides most or at least some of the research
funding to universities and other agencies that do research. Eleven show that universities and
government collaborate on research; this includes cases in which the government sponsors
specific projects. Seven countries say that University and Industry need better ties. Six countries
mention that Government and Industry need better ties. The responses seem to show that the
triangle made of the government, university and academia has two weak sides and one strong
side. The Government-to-Academia link is strong. The Government-to-Industry link is weak;
and the Academia-to-Industry link is weak. The Government, Academia and Industry are key
players in a National Innovation System. These ideas are expressed in the diagram below.

Gov’t

Academia Industry

Figure 14: Diagram Depicting Weak and Strong Relationships in African NIS

A weak link between Industry and Academia or between Government and Industry does
not bode well for the future of satellite technology in Africa. Recall that Sun Space, the only
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example of a commercial company in Africa that builds satellites, opened as a result of a strong
link between Industry and Academia. If Africa wants to advance in its technical abilities, this
triangle must be strengthened on all sides. The weak link between government and industry is
interesting given the information in Question 2 about how many African governments are
transitioning from a centralized economy toward more privatization. Does the transitional status
cause the weak link? This thesis does not have enough data for a complete answer. Of course, the
number of countries that make these comments is small; thus the comment can not be taken as
universal truth.

Question 10

The final Interview Question asks, “What educational resources are there in the country
to train potential entrants into technical careers?” The goal of this question is to learn specifically
about the educational system in each country and about the opportunities for technical training.
See the table below.

Table 59: Results of Embassy Frequency Analysis, Question 10

Question 10: What educational resources are there in the country to train potential entrants into
technical careers?

Response Frequency
There are scholarships from government or government supported education 23
Engineering and Science are available in a national university 22
Government funds at least some universities 14
There are local technical training schools 11
There are national or regional technical training schools 11
Internships are common or required for graduation 9

Twenty-three of the thirty countries say that the government gives scholarships for
education or that education is government supported. Almost as many countries say that
engineering and science curriculums are available at a national university. In parallel to Question
2, fourteen countries mention that government funds at least some universities. This supports the
conclusions from Questions 1 and 2 about the importance of government funding in African
education. There is also more information about the role of private schools. Only two countries
say there are more private than public schools. Only one country says that engineering and
science education are only available in private schools. This appears to suggest that African
countries do not depend on private universities for their science and engineering education. Other
literature should be consulted for verification of this.

There is also mention of local and regional technical training schools. These refer to
schools that offer degrees that are lower than university degrees. These technical schools train
students to work as technicians, mechanics and other trades in technical fields. The question of
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internships shows interesting results. Internship here refers to jobs taken by students while they
are in university to learn about their field. The prompt for the question includes internships; so,
many countries address them in their answer. Nine countries think of them as common. Four
countries think they are not common. One country says internships are a new trend. Overall,
internships do not seem to be a common practice, based on this sample.

Conclusion: Frequency Analysis for Embassy Interviews

There is clearly a great deal of data contained in these interviews. It is not within the
scope of this thesis to completely analyze and compare all the comments. The main benefit of
this frequency analysis is to give a sense of context for the scientific and technical institutions in
Africa. These institutions — the government ministries and agencies, the universities, the
laboratories, the private companies — are the partners that can make use of satellite technology.

4.4.2 Statistical Analysis

The Embassy Interview data is also analyzed in a very preliminary way with statistical
tests. The goal is to see whether some of the interview responses divide the countries in a
statistically meaningful way when compared to those countries’ performance in some of the
other data sets in this thesis. Specifically, the Embassy data is compared to the Human
Development data, the Space Participation data and the Project Technology Ladder data. The
embassy data is chosen because it clearly divides the countries into two groups.

Agencies Using Satellite Technology

This data is drawn from Question 8, “How do government bodies concerned with
environment use satellite technology?” Nineteen of the countries say that the relevant agencies in
their country do use satellite technology. Call this group of countries #1. The remaining eleven
do not say this, and are assumed to imply a negative answer. Call this group of countries #2.
Note that each country is directly asked about this issue. Three sets of Chi-Squared tests are done
based on these two groups of countries. All three show at least one valid test.

The first test asks whether there is a significant difference between the Human
Development Indices of Group 1 and Group 2 countries. Two methods are used to bin the
HDIndex data — based on the range of data for the 30 countries and based on dividing the
countries into two equal groups. Only the latter method leads to a valid result. It is not
significant. This means that the null hypothesis — that there is no difference in HDIndex between
Group 1 and Group 2 countries — can not be rejected. This test shows no evidence that the HD
Index between Group 1 and Group 2 countries are systematically different.

The second test asks whether there is a significant difference in Space Participation for
Group 1 and Group 2 countries. For simplicity, the Aggregate SPM data is used; it describes
SPM in one number. The valid test in this case bins the SPM data based on two equally sized
groups of countries. This test is also not significant. The null hypothesis — that there is no
difference in SPM for Group 1 and Group 2 countries — can not be rejected. This test shows no
difference in SPM data for Group 1 and Group 2 countries.

The third Chi-Squared test compares the Group 1 and Groups 2 countries according to
their Project Technology Ladder rankings from the Space Project Case Studies. One test counts
projects that the countries participate in; the other test counts countries in the various bins. This
is similar to earlier methods for the Ladder Chi-Squared Tests. Both tests are valid and not
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significant. No mathematically important difference is found in the rankings of Group 1 and
Group 2 countries.

In all three examples, Group 1 and Group 2 prove to not be a meaningful division. This
could be because some of the interviewees are mistaken in their answers.

Large Ministry for Science and Technology

This data comes from Question 1. Eighteen countries say that their government ministry
in charge of science and technology is large and has hundreds of employees or more. The
remaining twelve countries do not call the ministry large. Every country is asked about the size
of this ministry. A parallel set of Chi-Squared tests are done with the same binning methods for
the HD Index, SPM and Ladder data. Again, there is at least one valid test for each combination
of variables. None of them are significant. This means that the current data set does not show a
meaningful division of countries based on the size of their ministry of science.

Financial Resources are Inadequate

This comes from the supporting question within Question 1 that asks each country if the
financial resources are adequate for the ministry concerned with science and technology.
Twenty-three countries say that the resources are inadequate. This is probably an indicator of
low development. In the same three sets of Chi-Squared tests, only the tests comparing Embassy
Data versus the Technology Ladder data produce valid results. Again, none are significant. This
Is not surprising since Group 1 and Group 2 are so different in size. Thus the response to this
question is not a statistically significant way to divide the countries in this data set.

Body for Communication deals with Science/Technology Issues

This is the one set of tests that produces a valid and significant result, but only one of the
six tests with this data is significant. This information comes from Question 1. All the countries
are asked if there is a national government body that deals with science and technology issues.
Eighteen say that it is the ministry for communication (or information technology or broadcast).
The remaining twelve countries answer in another way that indicates it is not the communication
ministry.

The same set of six Chi-Squared tests is performed. For the Project Technology Ladder
data, both results are valid and not significant. For the Human Development data, one result is
invalid; one is valid and not significant. For the SPM data, one result is valid and significant; one
is invalid. The valid result bins the SPM data into two equally sized groups of countries that are
sorted by SPM. The observed data is shown below.

Table 60: Results of Embassy Chi-Squared Analysis,

Embassy Data versus Space Participation Metric
Emb1 Emb2
Observed (Comm) (Other) Total
High SPM 6 9 15
Low SPM 12 3 15
Total 18 12 30

In the table above, the breakdown of countries in each category is shown. The category
“Emb1” refers to the countries that do say that their communication ministry is the main
government body to handle science and technology issues. The label “Emb2” refers to countries
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that do not say this. The data shows that a greater percentage of the High SPM countries are in
the Emb2 category; meanwhile, a greater fraction of the Low SPM countries are in Emb1. This
implies that countries that score higher for space participation are not likely to have the
Communication Ministry function as the most important government body for science and
technology issues. This may be explained by looking at some of the countries in the High SPM
category. This high SPM group includes countries like South Africa, Nigeria, Algeria and Kenya
who all have strong, specialized government agencies for space and other scientific topics. All of
these countries are in the Emb2 category.

4.5 Summary of Results

This section provides a brief summary of the results discussed this chapter. In the
analyses for Question 1, Chi-Squared tests are performed to compare Space Participation to
seven Development Indicators. The results of the Chi-Squared tests clearly show there is a
meaningful difference in the space activity of countries in different development levels. There is
also strong evidence that the more developed countries do more space activity and do more space
activity at higher technical levels. These points can be seen in the number trends, but are not
proven with statistics.

The analysis for Question 2 takes the ninety Space Project Case Studies and categorizes
them in several ways. The Master Space Project Matrix organizes the case studies based on their
Mission and Management Architectures. This matrix shows that most Space Project Case Studies
involve individual African countries and organizations or involve external collaborations. There
is not as much collaboration between African countries. The Roles and Actors study shows what
kinds of positions African entities hold in the Space Project Case Studies. For Remote Sensing
projects, African entities are usually Data Processors, Coordinating Organizations or Data Users.
They are very rarely satellite builders. There are a few organizations with satellite operation
ability, but this is very limited. In Communication projects, Africans are Service Providers,
Content Creators, Internet Service Providers, and System Users. The National
Telecommunication companies also play an important role. In Navigation, Africans use the
ground based equipment in a variety of ways and at different levels of sophistication. Some
analysis is done to see if there are discernible Time Trends in the Space Project Case Study data.
The question is whether the Mission and Management Architectures have changed over time.
Most of the Chi-Squared tests are invalid. The main exception is a series of tests that use two
bins for time and two bins for Mission Architecture. These 2-by-2 tests show that the years from
1996 to 2000 each create a meaningful cutoff in this data set. The tests also suggest that the
number of projects has increased over time, but the level of technology has not. This result is not
conclusive.

The analysis for Question 3 creates five Ladders on which to rank the Space Project Case
Studies. The Ladders compare the projects on the basis of Project Technology, Country
Technology, Leadership, Finance, and Expertise that can be credited to the African countries.
Chi-Squared analysis is done to compare the space activity to the seven Development Indicators.
In almost all the Ladder Chi-Squared tests, there is a valid difference for most Development
Indicators when counting projects, but not when counting countries. The least consistent
Development Indicator is the number of Internet Users. The tests results with Internet Users are
sometimes significant, but not always. There is evidence that higher development leads to more
activity at higher levels on the Ladders. It is not always a monotonic relationship, however. It is
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not clear that higher development leads to doing more projects, but higher development seems to
lead to a higher percentage of advanced projects.

In the Embassy Study, thirty representatives from African Embassies are interviewed.
The results include the following ideas. There is a science policy infrastructure in most African
country governments. Most representatives say the ministry that makes science policy is not
adequately funded. The university systems in Africa are closely tied to government for funding.
Government agencies and universities work frequently with external and multilateral
organizations. The lists offered by the embassy personnel of the ways that satellite technology is
used agree in content with the Purpose trends from the Space Project Case Studies. Most African
countries do not have a space agency, but many do have an office to handle various space related
issues. Most interviewees say that satellite technology is extremely important to their country,
although some note that it is not being used to full its potential. There is evidence in the
interviews of transition in many African economies from centralized to more privatized markets.
These may be affecting relationships between government and industry as well as between
academia and industry. There is government-funded technical education at various levels in most
countries.

Several Chi-Squared tests are done with the Embassy data to see if it produces
meaningful results. Most tests are valid, but not significant. The Embassy responses do not
provide meaningful distinction among countries. One exception may be the comment that the
Ministry of Communication is the most important government body for science and technology
issues. This does lead to one significant statistical test, but the tests are not consistently
significant.

2010 World Programme on Population and Housing Censuses: Sub-regional Workshop on Census Cartography
and Management.” http://unstats.un.org/unsd/demographic/meetings/wshops/Zambia_80ct07/list_of docs.htm
Accessed June 27, 2008.

¢ Report of the Third United Nations Conference on the Exploration and Peaceful Uses of Outer Space.
http://www.unoosa.org/oosa/en/unisp-3/indexhtml Accessed on June 26, 2008,

i Ho me Page for World Summit on Sustainable Develop ment. http://www.un.org/jsummit/ Accessed June 26,
2008.
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5 Conclusions

This chapter shows how the results defined in Chapter 4 answer the three Research
Questions of the thesis. Each Research Question is discussed in turn.

5.1 Q1: National Space Activity versus National Development Level

Research Question 1 asks, “How does national development level relate to national space
activity?” The specific analyses that address this question are Chi-Squared tests that compare
Space Participation and Development Indicators for all sovereign countries. In short, the Chi-
Squared tests show definitively that there is a meaningful difference in space activity for
countries at different development levels. The data also includes strong evidence that more
highly developed countries are more active with space technology and have more advanced
space projects. The tests that use the Aggregate version of the Space Participation Metric imply
that more developed countries have higher Aggregate scores. This suggests that they do more
space-related activities. Recall that the Aggregate score is simply the total number of activities
for each country. The tests that use the Categorized version of SPM imply that more developed
countries show greater participation in technically advanced space-related activities.

Note that “development level” is measured with multiple Development Indicators. Each
indicator shows the same overall results, though with different levels of significance. This
implies that the conclusions are true for development level as defined by this set of indicators. It
does not prove that every Development Indicator will show the same results.

The Development Indicators used in this analysis are Human Development Level, Gross
Domestic Product, GDP per Capita, Education Expenditure, Internet Users and Cellular
Subscribers. The consistency of the results among the Development Indicators is noteworthy. All
of the Development Indicators produce at least one Chi-Squared test that is significant for both
Aggregate and Categorized SPM. The only clear exception that is valid and not significant
comes from the tests on Cellular Subscribers, which is a limited data set. The statistics thus show
that development level is related to space activity. The numerical patterns in the observed data,
further suggest that space activity increases in quantity and quality with development level.

The results from the Categorized SPM analysis show that the four Categories chosen to
divide the twenty-one Space Activities are valid Categories. The Categories are designed to
distinguish the Space Activities into four technical levels of space participation. They range from
membership in a space society to operating space hardware. This classification of activities is
shown to create meaningful differences between countries.

All of these conclusions confirm the theory discussed in the Literature Review. They
specifically confirm the theory on the importance of technology to national development. This
theory argues that pursuit of technological capability building is a key step to national
development. Countries that are active in Categories 3 and 4 are demonstrating technological
capability. This analysis also confirms the motivation for the thesis. It shows that developing
countries are not accessing the benefits of satellite-based technology as much as more developed
countries. Note that the number patterns in the data support a two-way relationship between
space activity and development. More developed countries are more active in high level space
technology. At the same time, more advanced countries in space are more developed.

There are, of course, exceptions to the theories. The trends in the observed data are not
completely monotonic. For example, the Categorized SPM versus GDP test shows that more of
the lowest GDP countries are in the low Category 1 activities than the high Category 4 activities.
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This follows the theory. Meanwhile, there are also more of these low GDP countries in Category
3 than 2 activities. This does not follow theory. Note also, that countries like Nigeria and India
have low Human Development Index scores but high Aggregate Space Participation scores.
These countries are exceptions to the theory. These examples show that the pursuit of satellite
technology does not by itself guarantee national development. Nor does high development
always imply that a country is using satellite technology. Countries like Iceland and Luxembourg
are in the highest Human Development Level and the middle Aggregate SPM level. Despite
these exceptions, the trends are statistically sound. This research does show that national
development level is related to national space activity.

5.2 Q2: Mission and Management Architectures

Research Question 2 says, “What Mission and Management Architectures are developing
countries using to apply satellite-based technology to national needs?” The answer to this
question is complex. It is drawn from the Master Space Project Matrix as well as the Ladders
from Question 3.

Consider first the Management Architectures. These Architectures show who is directly
involved with executing a project. The Master Space Project Matrix shows trends based on
ninety case studies. The three most common scenarios are listed below.

e One African Country or Organization (37 projects)
e External Collaboration; Satellite Expertise from External Partner (23)
e External Collaboration; Satellite Expertise from Both Sides (13)

This list of Management Architectures shows that two extremes are common. African
countries do many projects independently; they also do many projects based on partnerships with
external experts. There are fewer examples of projects involving partnership between African
countries or organizations. Only six of the Space Project Case Studies show inter-African
collaboration.

These trends lead to several conclusions. First, many African countries, companies and
scientific organizations are pursuing satellite-enabled projects without external partners. In some
of the 37 examples the African entity contracts some of the work of the project, but the
leadership and financing is African. This large number of projects is encouraging when one
considers the commonly cited barriers of using satellite-technology in developing countries.
Some of the common barriers are lack of finances and lack of awareness. In these thirty-seven
cases, the African entities are aware of the technology and have the financial resources to pursue
the project. This is confirmed by the Leadership and Finance Ladders from the Question 3
analysis. In each Ladder, over thirty projects show Leadership or Finance coming from an
African entity. The Expertise Ladder is quite different. It has only nineteen projects in which one
African entity gets credit for the all the satellite expertise. This suggests that the biggest barrier
for some countries is not money or awareness, but expertise.

Second, consider the two categories of projects that involve an external partnership with
at least some satellite expertise from outside of Africa. Adding up the projects in the second and
third most common Architectures shows that thirty-six projects have this scenario. Thus there is
a rather bi-modal behavior in African Space Project Case Studies. About thirty-seven happen
with African Management while another thirty-six happen due to external collaboration. There is
a balance between independent African action and dependent African effort. This situation
leaves much room for improvement. Analysis for Question 3 shows that many countries are only
working in the lower Management Architectures.
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Consider now the Mission Architectures. These can be considered from two points of
view. First, the Master Space Project Matrix shows what Architectures are used in general in
space projects that involve Africa. The three most common technical activities are listed below.

e Process satellite data (31 projects)

e Operate ground segment of satellite system (22)

e Buyand operate a satellite (15)

A different set of activities summarizes what African countries and organizations
specifically accomplish in the Space Project Case Studies. The most common cases are listed
below.

e Operate ground segment of satellite system (22 projects)

e Use or help define satellite data product (16)

e Process satellite data to create decision tools (11)

These lists show what is most commonly accomplished in African countries using
satellite-based technologies. The data only considers Africa, not the entire developing world.
Thus it is not a complete answer to the question, but it is a good start.

The Literature Review for this thesis discusses the issue of Technology Choice for
developing countries. Poorly developed countries need to invest in technological capability. As
part of this process, they must decide what level of technology to pursue. The literature on
Technology Choice suggests that developing countries should pursue the most advanced
technology that is available. The Mission Architectures that are most common for African
countries are not the most advanced options. Most African countries are not pursuing the highest
level of space technology. Both lists of Mission Architectures above show that the predominant
activities involve using ground technology enabled by satellites. The nature of satellite
technology dictates that different expertise is needed to operate satellite ground equipment than
to develop spacecraft. This means that the effort of Africans to use ground equipment or process
satellite data does not automatically help them move toward working with spacecraft directly.
Africans must make a conscious choice to gain technological capability in higher level satellite
technology if they want to move up in Mission Architecture.

5.3 Q3: Architectures versus National Development Level

The third Research Question reads, “How does national development level influence the
Mission and Management Architectures used by developing countries in satellite-based
technology projects” This question is answered based on the Chi-Squared tests using the
rankings of the five Ladders and the Development Indicators. The statistical tests prove that there
is a meaningful difference between the Ladder rankings of countries in different development
groups. The data also suggests that the percentage of projects with high Mission and
Management Architectures is likely to be higher for more developed countries. This is true even
though the overall number of space-related projects may not increase.

For both the Mission and Management Architectures, significant results are seen when
the Chi-Squared tests count the total number of projects for each country. There is no significant
difference when countries are only counted once per category. The statistical difference does not
just come from which countries are using satellite technology. It comes from how involved
various countries are with satellites.

The Mission Architecture Ladders suggest that higher development leads to more
advanced technology. Evidence from the number trends shows that more highly developed
countries are likely to have a higher fraction of their projects in the high technology category.
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This trend is not always consistent or monotonic in the data, however. In both the Project and
Country Technology Ladders, the number of high technology projects increases and the number
of low technology projects decreases as development increases. Neither relationship is
monotonic. There is very little difference between the results of the Project Technology Ladder
and the Country Technology Ladder in their statistical results. Some difference can be seen in the
distribution of countries along the Ladder. For example, the Country Technology Ladder has
nineteen projects in its top 3 categories; the Project Technology Ladder has only eleven projects
in it top three categories. Many countries do move down in the Country Technology Ladder
because the African contribution in the project is lower than the overall project achievement. The
changes are not very well captured in the statistical analysis, however, because most projects do
not move from the “High Tech” bin to the “Low Tech” bin in the Chi-Squared test. Most move
within the same bin. Thus, the two ladders do have different results, but the differences are small.
The three Management Ladders have slightly more variation in their results, but they all
show that the ratios of high to low Architecture projects increase with as development increases.
This suggests that higher development is associated with higher Management Architectures.
There are very bi-modal results for the Leadership and Finance Ladders. The projects are piled at
the extreme ends of these two Ladders. Most projects are led and financed by either one African
entity or by an external partner. Leadership and financial sponsorship seem to be very closely
linked. The statistical tests show significant results for all the Development Indicators except for
Internet Users. In these significant tests, the ratios of high leadership projects to low leadership
projects increase with development level, but not monotonically. Meanwhile, the results of the
Expertise Ladder rankings show a slightly different picture. There is not longer a bi-modal
distribution of projects at the extreme ends of the ladder; more projects have moved to the
middle of the ladder. Only Education Expenditure has consistently significant tests. Education
emerges with a strong relationship to Expertise, as would be expected.
These results are consistent with theory in the same way that the results from
Research Question 1 are consistent. Theory suggests that higher development should correspond
to greater use of technology. These results are noteworthy, however, because the number of
countries under consideration is much smaller than in Question 1. Research Question 1 compares
about one hundred and seventy-five countries. Research Question 3 only compares fifty-three
countries and the statistical results are significant. The analysis from Question 3 shows that there
is measurable diversity among African countries. The results from Question 2 show that there
may be two groups of African countries, those who manage their own projects and those who
tend to collaborate. This suggests that there is untapped potential for African collaboration.
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6 Policy Recommendations

This chapter builds on all the previous chapters and presents a set of policy
recommendations that flows out of the study results. Most of the recommendations address
observations of the Mission and Management Architectures in the ninety Space Project Case
Studies. The distribution of the projects on the various Matrices and Ladders suggest ways that
possible improvements can be made in how African countries pursue satellite projects. The
recommendations are made primarily to African policy-makers and other stakeholders that
participate in satellite projects in Africa. This is because the recommendations respond to data
from Africa. It may be useful as well to policy-makers and stakeholders in other developing
contexts.

All of the recommendations build on the idea — as outlined in the introduction — that it is
to the benefit of developing countries to increase their use of satellite technology in remote
sensing, communication and navigation. The responses to the Embassy Interviews show that
African representatives are also aware of the potential for satellite technology to meet needs in
their countries.

Recommendation #1: Take initiative in developing external collaborations in remote
sensing projects.

This recommendation is directed toward African government representatives, particularly
in those countries that are frequently involved in low Mission Architecture projects at the
initiative of external partners. The Project Technology Ladder from Question 3 analysis shows
that twenty-seven of the ninety Case Studies involve processing satellite data. Many of these
same projects appear among the thirty-four Case Studies for which the initiative comes from an
external partner. This recommendation does not discourage collaborations with external partners.
The Literature Review clearly shows that one way for developing countries to increase their
technological capability is to learn from other countries. The recommendation thus states that
African policy makers should look for opportunities to collaborate and design the collaboration
in a way that best meets their short and long term needs. Specifically, they should keep three
goals in mind. First, design the collaboration such that their country receives training or
technology transfer that they can use in the future. Second, design the collaboration such that it is
feasible for the work to continue after the help from the partner is gone. Third, design the
collaboration such that the work reflects the needs of their country, not just the resources of the
partner. If African policymakers initiate the collaboration, they will have a greater opportunity to
define it.

Two project case studies, Geo-Aquifer and AFRICOVER show examples of projects that
meet these goals. AFRICOVER is initiated by an external partner, but it is done in a beneficial
way. The United Nations Food and Agriculture Organization initiated AFRICOVER, and the
United States and Italy financed it. The goal of the project is to create remote sensing data
products for land management. The implementation model is wise because it involves local
expertise from the beginning. The work is done by Africans with the help of external experts. At
the end, the African partners own the databases created during the project. The Geo-Aquifer
project is lead by Algeria, Tunisia and Libya with the goal of using satellite data for natural
resource management. It is follows a project initially lead and funded by the European Space
Agency. The three countries are able to continue the work started in the ESA project.
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There are challenges to such a recommendation. An African country may not feel able to
freely negotiate the terms of a partnership in which they are primarily a recipient. If an
opportunity to benefit from satellite technology does not meet the three goals described above,
that does not mean that it should not be taken. The recommendation only suggests that African
policy makers consciously pursue these goals as often as possible.

Recommendation #2: Look for opportunities to fund projects based on African expertise.

This recommendation is directed to African policy makers as well as donor organizations
that invest in African technological capability building. The Remote Sensing Architecture Matrix
shows that very few projects are done in which an external partner provides only funding and an
African partner provides expertise and funding. The Remote Sensing Roles and Actors Diagram
reveals many centers of knowledge in Africa about remote sensing. These include National
Remote Sensing Agencies, African Space Agencies, Regional Remote Sensing Centers,
Scientific Networks, and Universities. This recommendation suggests that external partners
should seek to underpin these organizations with funding and avoid funding only projects in
which the partner provides expertise. The goal of this recommendation is to increase the
opportunities for these African centers of knowledge to use and improve their skills.

The examples in the Case Studies of projects that achieve this Management Architecture
are centers for remote sensing. Consider RECTAS, the Centre for Training in Aerospace, which
provides training and consulting in remote sensing for countries in western Africa. The center is
funded by the UN Economic Commission for Africa. The African countries that participate in
the center also supply funding and handle the operations.

The challenges to implementing this recommendation may arise from the unwillingness
of a funder to give money to a project with which they are otherwise uninvolved. Because of
this, it may be more palatable to attempt such an Architecture between an African partner and an
external partner that have worked together in the past with successful results.

Recommendation #3: Pursue advanced Mission Architectures with African collaborations.

This recommendation is directed towards African policy makers. It responds to the fact
that only two projects on the Master Space Project Matrix involve Africans collaborating on
projects in the upper half of the Mission Architectures. These projects are the African Resource
Management Satellite Constellation and RASCOM. This excludes the Disaster Monitoring
Constellation in which Nigeria and Algeria collaborate with England, China and Turkey. The
recommendation suggests that African policy makers look for more opportunities to work
together on advanced missions. For countries that already own satellites, this could include new
satellite projects. For countries that do not have satellite design or operation experience, this
could begin with a mid-level architecture such as leasing time on another country’s satellite. The
goal here is to find ways that Africans can help each other climb the Mission Architecture ladder.
There has been little of this so far.

The African Resource Management Satellite (ARMS) Constellation project is an
ambitious example of such effort. It includes Nigeria, Algeria, and South Africa — who have had
satellites in space before — as well as Kenya who has not. The goal is to develop four satellites
with the same payload that will work together to observe the entire African continent. This is a
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project that is not yet complete, thus its success can not be rated. It is an admirable effort,
however.

The ARMS project highlights some of the difficulties of such collaboration. The four
countries are not in the same region of Africa. They face cultural and language differences. They
also bring different levels of expertise to the project. Part of the challenge is to teach partners
while completing work. A project like ARMS is very liable to derailment by political or
economic instability. Both of these are common in Africa.

Recommendation #4: Look for opportunities to do mid-level Mission Architecture projects.

This recommendation is for African policy makers. The Master Space Project Matrix shows
that there are few projects that involve Africans leasing satellite time from other satellite owners.
In the communications area, several large companies lease satellite capacity and distribute
satellite service. In these cases, the leasing company does not operate the satellites. Meanwhile,
Egypt leases a satellite for national communication. Some data from the Embassy Interviews
suggest that it is common for African countries to lease time on communication satellites. There
are no examples of satellite leasing in the remote sensing Case Studies. There are similar trends
for some of the other mid-level Mission Architectures such as satellite operation and down
linking satellite remote sensing data. This recommendation encourages African policymakers to
consider pursuing projects like these in the middle of the Matrix. This is directed especially to
countries that have satellite data processing capability for remote sensing. This could be a
feasible next step that can increase both technological capability and the benefit from satellite
data.

The Satellite Applications Center (SAC) in South Africa is an example of a facility that
benefits from the capability to operate satellites even when no national satellite is in orbit. The
SAC is able to serve other countries with this capability, and they use these skills at home when
they launch indigenous satellites.

The challenges with implementing such a recommendation depend on the goal. Ifa country
wants to begin to down link data directly from a satellite, this is very doable. The Regional
Centre for Mapping of Resources for Development in Kenya has the capability to down link data
from other countries’ satellites by agreement. Indeed, as stated in the Literature Review, the
United Nations’ principles governing remote sensing establish that countries with satellites
should support the right of other countries to access and downlink their data. ™ Another
example of this is the PUMA Case Study Project in which the European Space Agency attempts
to provide every country in Africa with equipment for down linking meteorological satellite data.
There may be greater challenges in starting to operate a satellite for the first time. The skills
needed for satellite operation are specialized; they are not taught in general education programs.
This may require collaboration with African or external partners in order to gain the expertise.
Finally, note that this recommendation can be equally useful to countries that have only worked
at low Mission Architectures as well as countries that already have national satellites. In both
cases, it can expand their access to useful data.

Recommendation #5: Look for opportunities to collaborate with external partners on
satellites.
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This recommendation is directed to African policy makers. The Master Space Project Matrix
shows that only one project involves an African partner working with an external partner on a
project to launch and operate satellites. This recommendation encourages Africans to look for
opportunities to collaborate with external partners on high mission architecture projects. It can
mean contributing to a satellite constellation, building an instrument for another country’s
satellite, co-sponsoring a satellite with another country or many other scenarios. The only
relevant project in this set of Case Studies is Nigeria and Algeria’s participation in the Disaster
Monitoring Constellation. In this project the Surrey Satellite Technology company invites
several countries to contribute satellites to a constellation that can be used for natural resource
management and disaster monitoring. Each country owns its one satellite in the constellation, but
agrees to use some of the satellite time for disaster response. Consider also some examples from
Latin America. Argentina frequently works with other countries on its satellite projects. <™V
Brazil has a series of earth observation satellites jointly developed with China. <™V

This recommendation may seem applicable only to African countries that have their own
satellites, but it does not have to be limited to this set. There are a number of ways that an
African country can contribute to a satellite project, from funding to personnel to expertise.

Recommendation #6: Use the Mission Architectures. Try to go up to the next level, even if
it requires collaboration.

This recommendation is for African policy makers and policy makers in other developing
countries. It responds to the results of Research Questions 1 and 3, which show that less
developed countries tend to have lower levels of space participation. In Question 1, less
developed countries show lower quantity and technical quality of space activities. In Question 3,
there is evidence that less developed countries are less likely to be involved with high technology
projects, even if they do a comparable number of projects. How can poorly developed countries
respond to this discouraging data? This recommendation presents a way forward to any
developing country, no matter where it tends to find itself on the Master Space Project Matrix.

The Introduction and Literature Review establish that developing countries can benefit from
a greater use of satellite technology. The use of this technology also increases the technological
capability of the country. This increase is a step toward national development. Thus, it is argued
that investing in satellite technology has a two-fold benefit. First, it helps to address problems in
the environment, in communication and in navigation. Second, when a country learns how to use
this advanced technology, they develop skills that can help improve their development level.

The recommendation suggests that no country should complacently remain where they are on
the Master Space Project Matrix. If a country tends to do projects at a certain technical level and
does not have expertise in higher Mission Architectures, they should consider opportunities to do
more advanced Mission Architectures. This may require moving down in Management
Architecture. That is fine as long as the project experience is a learning opportunity. Consider
developing Country A, for example. Perhaps Country A’s National Remote Sensing Agency has
widespread competence in data processing but there is only limited expertise in satellite
operation. This agency may consider partnering with a partner to learn about satellite operation.
Such knowledge can ultimately lead to more control over the data and services available to them.

There is a compelling counter argument to this recommendation. In the case of Country A as
described above, the leaders may argue that they are meeting all of their current needs by using
satellite data from other sources. They may say that the data processing skills they have are
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adequate for present activities. Country A may not be able to afford to launch its own satellite at
the present time and thus may not see any benefit in having satellite operation skills. This kind of
philosophy is very near-sighted. Though Country A does not have current opportunities to
operate their own satellite, it is certainly in their long term benefit to gain these advanced skills.
It may be possible for Country A to use these skills in a future partnership. Perhaps if Country A
contributes satellite operation effort to a project, they can receive access to more frequent or
more relevant data as a result. There is no guarantee that the data sources that Country A
currently relies on will always be available. It is also likely that the needs of Country A will
change and require new kinds of data or better quality data. To not prepare for such eventualities
is dangerous as well as near-sighted. Of course, the challenge for policy makers in developing
contexts is how to invest in long-term welfare when so many short term crises dominate the
resources.

Several comments made by African officials during the Embassy Interviews show that there
is an awareness of this tension. They also show that these officials believe in the need to increase
their technical capability and their level of satellite use. These comments confirm the wisdom of
the recommendation and disagree with the counter argument. Several examples follow. When
asked how important satellite technology is to their country, one interviewee says, “We do not
have many people who have been trained in science and technology. We normally rely on
technical expertise from other countries. It would be good to use satellite technology more.” This
comment acknowledges the country’s current dependence on foreign partners and the need for
more training in their local personnel. Another country responds to the same question by saying,
“Technology is important and is a major tool for change. We believe in this but we do not have
the tools to use it.” A third country answers the same question this way, “You cannot be
developed without good communication; to have good communication is the tool for everything.
But it will be very hard for poor countries to achieve it because of the lack of financing.” This
recommendation suggests a small, practical step to improve such situations.

chodii Apjodun, Adigun Ade, Camacho, Sergio, Oesberg, Rolf-Peter, Zhukov, Vladimir. “Development of Indigenous
Capability in Remote Sensing.” Space Policy. 1988, pp. 122-130.

¢V National Commission for Space Activities. www.conae.ar Accessed June 14, 2008.

cxv INTERNATIONAL ASTRONAUTICAL FEDERATION. “FOCUS ON BRAZIL.”
HTTP://WWW.IAFASTRO.ORG/INDEX.PHP?ID=57& NO_CACHE=1&TX_IAFMSHOW_PI1[TT_COUNTRY]=BR ACCESSED
ON APRIL 6, 2007.
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7 Suggestions for Future Work

This section presents several questions that are raised in this study but are not fully
answered. Each question is followed by a brief explanation and follow up issues. These questions
are suggested as foundations for future research.

Are African countries taking full advantage of available data sources?

The Master Space Project Matrix shows that none of the Case Studies are projects
involving just African partners who process satellite data. It is not clear whether this is
representative of the reality in Africa or what might cause such a trend. Does this imply that
African countries that do not have their own satellites are not able to access satellite data without
the efforts of a partner? What resources are available that make satellite data freely available
outside of formal partnerships. A future study could investigate these issues. The first step is to
find more data to confirm the trend from this study. The second step is to find examples of
sources of satellite data that are freely available for general use. Through documentation or
interviews, a study can ascertain who uses this data and what barriers prevent its use.

Why are African countries not collaborating more with external partners on satellites?

The Master Space Project Matrix shows only one project in which African countries
mutually collaborate with external partners on a project that involves the design, building and
operating of a satellite. This specifically distinguishes contracting projects from collaborating
projects. Future study could investigate why this kind of project is so scarce. What are the
barriers that prevent African countries from collaborating with space faring nations on satellite
projects? One method could be to consider the examples in which Latin American or Asian
countries have collaborated with NASA or the European Space Agency. While reviewing these
examples, look for the technical contributions from each side and compare these with Africa’s
capabilities. Also consider the motivations and incentives for such collaborations through
documentation and interviews.

Does African have greater expertise in building remote sensing satellites than
communication satellites? What are the causes and impacts of this?

The Master Space Project Matrix, along with the Specialized Matrices in Remote Sensing
and Communication, imply that Africans have much stronger expertise in satellite development
for remote sensing than for communication. This thesis does not completely answer why this is
true; it only speculates that this is because communication satellites are more complicated to
build. Further study could investigate this trend by focusing on the cases of Nigeria, Algeria,
Egypt and South Africa. Through documentation and interviews with personnel in these
countries, one could learn about the levels and areas of expertise in their country. Further
analysis could consider the economic implications of this by learning about the stakeholders and
motivations in the African satellite communication industry.

Why is there little collaboration in the communication case studies?

This question arises from the Specialized Communication Case Study Matrix. It shows
that there are few projects involving collaboration of any kind. Only seven out of the twenty-
seven communication projects involve collaboration. Further study could investigate why this
might be. One could start by understanding the stakeholders and motivations in the African
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satellite communication industry. One could also consider other geographic areas such as Latin
America. Next, explore the examples of collaboration that do appear in Africa. Use
documentation and interviews to understand the motivation in these cases. Consider also the
economic and policy pressures that influence these projects.

Is there a need for a stronger comme rcial remote sensing industry in Africa?

The Remote Sensing Roles and Actors Analysis reveals that most Actors in the African
remote sensing field are government agencies or universities. This begs the question, what might
be the role for a commercial segment to the industry? Is there any economic motivation to
encourage commercial activity? What has caused the Actors to form as they are? How does this
compare to the US or other commercial remote sensing industries?

What is the status of communication regulation in Africa?

This study finds allusions to the importance of open policy regimes to encourage satellite
communication in Africa. Much more could be studied on this topic. The first step would be to
learn about the current policy regulations that influence the use of satellite technology in Africa.
An economic analysis could evaluate the need for policy changes.

What are the trends in Space Project Architectures over Time?

This study does a very preliminary analysis of space project Mission and Management
Architectures over time. The analysis is based only the data collected in this study, which is not a
truly historical overview. In order to do a more complete analysis, one must start with an
historical literature review to find documentation on African space projects from the 1950s
through the present. For each example, find the initiation date, the Management Architecture and
the Mission Architecture. One could use the same statistical analysis methods described in this
thesis on this larger data set and find more conclusively if there are changes in the Architectures
over time.

How do the various Development Indicators compare?

This thesis uses seven Development Indicators as measures of national development
level. No effort is made in this study to rigorously compare the indicators and their relative
importance in predicting space activity. Several questions could be explored using regression
analysis. First, which of these Development Indicators makes the strongest contribution in
explaining the results of the Space Participation Metric analysis? Second, which of these
Development Indicators makes the strongest contribution in explaining the results of the Space
Project Case Study analysis? Third, are there other Development Indicators that should be
included? This third question may be addressed by considering other studies that use
Development Indicators to predict technology outcomes. A study like this must also consider
relationships, such as correlation, between the Development Indicators.

Which comes first — satellite technology or development?

This thesis is written from the point of view that technological capability building is a
stepping stone to national development. The basic belief is that if countries pursue satellite
technology, they will ultimately improve their development level to some extent. The results of
Questions 1 and 3 imply that more developed countries are more involved in satellite technology.
It is not clear, however, what causes what. Does higher development level make it easier to
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participate in satellite technology projects? Or does satellite technology help a country improve
its development? This is a question that merits further study, perhaps with a system dynamics
model.

What else can be learned from the Embassy Interview Data?

Much data is included in the results from the Embassy Interviews with African officials.
The data is analyzed here largely for the purposes of comparing it to the other data sets in the
study. It is not used to its full potential. Several other steps can be taken with this data. First, it
can be compared to other documented evidence about African National Innovation Systems.
How do these responses compare to literature on Africa’s ministries of science and technology or
Africa’s national laboratories and universities? Second, the information can be organized
thematically. The analysis done so far organizes the data according to the question to which it
responds. Some information, however, should be looked at according to topic. For example,
there is insight into the university system in both Interview Questions 2 and 9. This data should
be combined and summarized. Once these themes are organized, the data can be more readily
compared to published literature on the topic.

How is the emphasis on Communication Technology affecting African countries?

The Embassy data shows that 18 of the countries name the ministry in charge of
communication as the most important ministry for science and technology issues. Further study
could investigate this trend. Does this imply a real emphasis on communication in these
countries? Are other areas of technology suffering or benefitting from this emphasis? How are
government and grass roots efforts in the area interacting? It appears from the statistical analysis
that the countries with higher technical capacity in space do not have such an emphasis on the
communication ministry.

Are African countries in economic transition? How is this affecting technology adoption?

Some Embassy responses suggest that many African countries are transitioning from a
centralized to a more privatized economy. Further research and literature review could confirm
this. It would then be interesting to explore how this transition is affecting technology adoption
in general and satellite activity in particular. Satellite technology often requires strong
government activity, particular in remote sensing projects. Are countries with more privatized
industry less active in satellite projects? How is this different in the remote sensing,
communication and navigation areas?

Is there a weak triangle in African National Innovation Systems?

The Embassy data also suggests that there are weak linkages in the Innovation Systems of
some African countries. Several interviewees talked about the weak connection between industry
and government or between industry and academia. Further literature review could confirm such
trends and clarify them. This could also be cross-referenced with the space activity data. What
causes these weak linkages? What are possible solutions? How does this phenomenon influence
technology adoption?

Are African students being trained for technical careers with internships?

There is a mix of responses as to whether internships are commonly used to train African
students for technical careers. It would be valuable to explore this question more deeply and gain
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more accurate data on the prevalence of internships. This data could be compared to technology
adoption data, education data or space activity data to learn if it seems to influence outcomes in
these areas.
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8 Closing Reflections

All the conclusions in the previous chapters are founded on literature, data or analysis
included in this study. | take the liberty in this chapter to discuss some personal reflections.
These may not be rigorously supported by data, but they were learned or observed during the
process of conducting this study.

Ovwerall, I am pleased to report that the level of satellite-related activity in Africa far
exceeds my initial expectations. Once | expanded my definition of satellite activity to include
any project that is enabled by a satellite, | found that it is influencing life in Africa in many ways.
This is very encouraging. The comments of many African embassy officials confirm that satellite
technology is used frequently. At the same time, my data and their comments confirm that the
technology could be used so much more.

The experience of conducting interviews in African embassies deserves some discussion.
It was very challenging in several ways. First, | had to convince people at the embassies to meet
with me. Some countries simply refused to attempt to answer my questions. When they heard
that 1 had questions about technology, they said that they did not have anyone competent to
answer me. | learned that | had to be careful about how I sold myself. Here my dual competences
in engineering and policy were an advantage. If | said that | was doing engineering analysis,
some people were more overwhelmed. If I said | was doing a policy study, they were often more
likely to help me. Some people at the embassies were very bothered by my methods. They
assumed that if I was doing a technical study about their country, I should not simply talk to a
few officials and call that research. I tried to reassure them that their comments would not be my
final source of information and that I only needed high level information about each country.
Several embassies suggested that | needed to travel to their country for my research. A few asked
me to wait while they contacted the appropriate officials in their home country. This usually led
to no response, but 2 countries did send me information in this way. The second challenge was in
communicating with the embassies. | generally contacted them initially by phone. Some
embassies have sophisticated phone systems with directories and voicemail boxes. Some phone
lines would ring ceaselessly if no one was there to answer. | observed that these African ex-
patriots used technology at a variety of levels. Even though they are in the United States with all
of its resources, many of them are not confidant in using these modern conveniences. Some
embassies use e-mail readily. Others asked me to send everything by fax because they did not
use e-mail regularly. In some cases, fax was even preferred to postal mail. 1 found it hard to
know who to talk to in the embassy when 1 first called. Every embassy has a different leadership
structure. In some cases, the best person is the education or cultural attaché. Ultimately, | was at
the mercy of whoever answered the phone or responded to voicemails. My interaction with the
African embassies was very valuable as a way to ground my analysis in the practical realities of
African countries.

The main thing | learned in this study is that the barriers that prevent African countries
from using satellite technology must be battled simultaneously. The main barriers seem to be
lack of finances, lack of technical expertise and lack of awareness of the potential of the
technology. Simply addressing any one of these areas will not solve the problem. Partnerships
between developing countries or between less developed and more developed countries seem to
be a powerful tool for combating these barriers. Such partnerships can bring financial help,
technical training, technology transfer and increased awareness all at once. The key need seems
to be that partnerships are designed to maximize long term benefit to the developing countries.
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There are certainly difficult issues to consider when suggesting that developing countries solve
their problems by working with other countries. There is the danger that less developed countries
may settle into a rut in which they depend on others for advancement. There is the danger that
more developed countries may not find adequate incentives for partnering in a beneficial way.
There is the danger that partnerships will depend too much on the ebb and flow of political
regimes. Collaboration is certainly not a panacea. It is, however, a practical way to address the
reality that developing countries have very limited resources and extremely large problems.
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Appendix A: List of Space Activities Used in SPM Definition

List of Space Activities Used in SPM Definition

Space Activities

References (Links Accessed on June 19, 2008)

Members as 0f 2004 of
United Nations Committee
on the Peaceful Uses of
Outer Space

http ://www. unoosa.org/oosa/COPUOS/members. html

Member of Group on Earth
Observations

http://earthobservations.org/ag members.shtml

Hosted an International
Astronautical Congress
Conference

http ://www. iafastro.com/index.php?id=101

Member of International
Mobile Satellite
Organization

http ://www.imso.org/member states.asp

Member of International
Telecommunications
Satellite Organization

http://67.228.58.85/dyn4000/itso/tpl1 itso.cfm?location=
&id=3&Ilink src=HPL&Ilang=english

Member of International
Telecommunications Union

http ://www. itu.int/cqi-
bin/htsh/mm/scripts/mm.list? search=1TUstates& langua
geid=1

Member of International
Astronautical Federation

http ://www. iafastro.com/?id=55

Member of International
Astronomical Union

http ://www. iau.org/ad ministration/membership/national/

Signed Outer Space Treaty

http ://www. unoosa.org/oosatdb/show TreatySignatures.do

Inclusion in United Nations
Directory of Education
Opportunities for Space

Science

http ://www. unoosa.org/oosa/SAP /eddir/index. html

National Space Program
(according to Jane’s Space
Directory)

Clark, Phillip. Jane’s Space Directory. Jane’s Information Group,
Alexandria, VA, 2005/2006.

Space Institutes or
Organizations (according to
Jane’s Space Directory)

Clark, Phillip. Jane’s Space Directory. Jane’s Information Group,
Alexandria, VA, 2005/2006.

156



http://www.unoosa.org/oosa/COPUOS/members.html
http://earthobservations.org/ag_members.shtml
http://www.iafastro.com/index.php?id=101
http://www.imso.org/member_states.asp
http://67.228.58.85/dyn4000/itso/tpl1_itso.cfm?location=&id=3&link_src=HPL&lang=english
http://67.228.58.85/dyn4000/itso/tpl1_itso.cfm?location=&id=3&link_src=HPL&lang=english
http://www.itu.int/cgi-bin/htsh/mm/scripts/mm.list?_search=ITUstates&_languageid=1
http://www.itu.int/cgi-bin/htsh/mm/scripts/mm.list?_search=ITUstates&_languageid=1
http://www.itu.int/cgi-bin/htsh/mm/scripts/mm.list?_search=ITUstates&_languageid=1
http://www.iafastro.com/?id=55
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Participate in United
Nations Program on Space
Applications

http ://www. unoosa.org/oosa/en/S AP/sched/index. html

Reportto UNOOSA on
nationals space activities or
research

http://www.unoosa.org/oosa/en/docsidx. html

Domestic Communication
Satellite system (According
to CIA World Factbook)

https://www.cia.goV/library/publications/the-world-
factbook/fields/2124.html

International
Communication Satellite
Earth Stations (According to
CIA World Factbook)

https://www.cia.goV/library/publications/the-world-
factbook/fields/2124.html

Earth Observation Facilities
and Equipment (Jane's
Space Directory)

Clark, Phillip. Jane’s Space Directory. Jane’s Information Group,
Alexandria, VA, 2005/2006.

Launch Facilities (Jane’s
Space Directory)

Clark, Phillip. Jane’s Space Directory. Jane’s Information Group,
Alexandria, VA, 2005/2006.

Launch Vehicle(s) (Jane'’s
Space Directory)

Clark, Phillip. Jane’s Space Directory. Jane’s Information Group,
Alexandria, VA, 2005/2006.

Participant in International
Space Station

http://www.nasa.gov/mission pages/station/structure/ele
ments/partners. html

Appear on UN Launch
Registry

http://www. unoosa.org/oosa/en/SO Reqgister/docsstatidx. h
tml
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Appendix B: List of Space Project Case Studies with
References

List of Space Project Case Studies with Full Names and References

Shorthand Reference
Full Name . )
Name (Links Valid as of May 2008)

African Center of

ACMAD Mete_oro_loglcal http://ioc.unesco.org/goos/Africa/ACMAD. doc
Applications for
Development
Multipurpose Africover

AFRICOVER Datgbase for http://www.africover.org/africover_initiative.htm
Environmental
Resources
Afsat Communications .

AFSAT . o http://www.afsat.com/index.html
Africa Limited
Agro-Hydro-

AGRHYMET | Meteorological http://www.agrhymet.ne/eng/centre.htm
Regional Center

AIDS http://www.gVf. org/solutions/studies/index.cfm? fus eactio

Telemedicine

AIDS Telemedicine

n=more&check=121&row=10

Cooksley, Curiel, et al. "Alsat-1 First Year in Orbit" 54th
International Astronautical Congress of the International
Astronautical Federation, the International Academy of

ALSAT-1 AlgeriaSat-1 Astronautics, and the International Institute of Space
Law, 29 September - 3 October 2003, Bremen,
Germany
. http://www.engineeringnews.co.za/print_version.php~?a
ALSAT-2A AlgeriaSat-2A id=125912
ALSAT-2B AlgeriaSat-28 htEo://\AMAN.enqineerinqnews.co.za/print version.php?a
id=125912
African Monitoring of
AMESD the Epw ronment for http://www.eumetsat.int/Home/Main/Media/Press_Relea
Sustainable ses/0321177?I=en
Development
African Resource . http://www.suns pace.co.za/programmes/african_resour
ARMC Management Satellite - : =
. ce_managment.htm
Constellation
Africa Real Time
ARTEMIS I\E/Irg)\;:irt%rr]irsger:;?l)rmati on | hitp://gcmd.nasa. govirecords/GCMD_CIESIN0122.html
System
AVU African Virtual www.worldbank.org/ afr/findings/english/find223.pdf
University
Botswana V- Using Very Small vvww.btc.bw/Neyvs/ArticIes/JanMargh/BTC%20Pi|ots%2
Sat Aperture Term|nal OVSATY% 20Services%20Deep%20in%20the%20Serong
Systems in Botswana | a.pdf
National Center for
CENACARTA | Mapping and Remote | www.cenacarta.com (with translation by Google.com)

Sensing
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http://www.eumetsat.int/Home/Main/Media/Press_Releases/032117?l=en
http://www.eumetsat.int/Home/Main/Media/Press_Releases/032117?l=en
http://www.sunspace.co.za/programmes/african_resource_managment.htm
http://www.sunspace.co.za/programmes/african_resource_managment.htm
http://gcmd.nasa.gov/records/GCMD_CIESIN0122.html
http://www.worldbank.org/afr/findings/english/find223.pdf
http://www.btc.bw/News/Articles/JanMarch/BTC%20Pilots%20VSAT%20Services%20Deep%20in%20the%20Seronga.pdf
http://www.btc.bw/News/Articles/JanMarch/BTC%20Pilots%20VSAT%20Services%20Deep%20in%20the%20Seronga.pdf
http://www.btc.bw/News/Articles/JanMarch/BTC%20Pilots%20VSAT%20Services%20Deep%20in%20the%20Seronga.pdf
http://www.cenacarta.com/

Centre for Remote

Rochon, et al. "Applicability of Near-Real-Time Satellite
Data Acquisition and Analysis & Distribution of

CERGIS Sensing and GIS at Geoinformation in Support of African Development"
University of Ghana www.uneca.org/codi/Documents/WORD/ECA_CODI_IV
_Paper_Rochon.doc. Accessed Feb 27, 2008
. Tanzania/Kenya
Coasts in P - ) . . 2proiectid=46
Tanzania qutlal information http://www.crc.uri.edu/index.php?projecti
project
Compuplot Compuplot Company www.compuplot.com
Centre de Suiv Planchon, F."Land Deq.radation in Senegal”
CSE Ecologique ftp://ftp.fao.org/agl/emailconf/lada/lada2_fatou_plancho
n.doc Accessed Feb 27, 2007
g%gg[} ergs | Cyber Shepherds http://www.idrc.ca/en/ev-47038-201-1-DO_TOPIC.html
Baker, Adam, et al. “NextGen DMC: High Performance
DMC Disaster Monitoring Small Spacecr_aft Based Obsgrvation at an Affordaple
Constellation Cost.” International Astronautical Congress, Valencia,
Spain, 2006.
ggﬁ)EMIO Egﬁzgizslggauon n http://dup.esrin.esa.it/projects/summaryp60.asp
Development and
demonstration of a
standardised
DUE information service . . .
GlobWetland based on EO http://dup.esrin.esa.it/projects/summaryp61.asp
technology to support
the implementation of
the RAMSAR
Convention
EGNOS EGNOS in Africa IhttD://www.esa.int/esaNA/SEMOZOODU8E index_0.htm
. http://www.engineeringnews.co.za/print_version.php?a
EgyptSat-1 MisrSat-1 id=125912
Electronic Systems
ESL at SU ;?sl(l)ér?lg%r;/c%t http://esl.ee.sun.ac.zalindex.php/Main/SatelliteSystems
University
Presentation on the Ethiopian Approach in Census
Ethiopia - Cartography. . .
Census Ethiopia Census http://un;tats.un.orq{uns d/dem oqralohm/meetmqs/w;ho
ps/Zambia_80ct07/list_of docs.htm Accessed April 24,
2008
Eutelsat Eutelsat SA httlo://www.e.utelsat.com/eutelsat/eutelsat-
communications.html
FEWS NET Famine Early Warning http://www. fews.net/Pages/default.aspx
Systems Network
Gath Gath Management Ltd | http://www.gathkenya.com/
Geo-Aquifer Geo-Aquifer http://dup.esrin.esa.it/news/news135.asp
GMES Glopal Monitoring for _
Services Eannm ent and http://www.esa.int/esalP/SEM2UV2IU7E_LPgmes_0.ht
Element Security, Services ml
Element
GPS Crane GPS Crane Tracking http://_vvvvw.ewt.orq.za/news fullstory.aspx?status=0&ne
Track wsID=466
Inmarsat Inmarsat oversight by http://www.inmarsat.com/About/?language=EN&textonl
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http://www.uneca.org/codi/Documents/WORD/ECA_CODI_IV_Paper_Rochon.doc
http://www.uneca.org/codi/Documents/WORD/ECA_CODI_IV_Paper_Rochon.doc
http://www.uneca.org/codi/Documents/WORD/ECA_CODI_IV_Paper_Rochon.doc
http://www.uneca.org/codi/Documents/WORD/ECA_CODI_IV_Paper_Rochon.doc
http://www.crc.uri.edu/index.php?projectid=46
http://www.compuplot.com/
ftp://ftp.fao.org/agl/emailconf/lada/lada2_fatou_planchon.doc
ftp://ftp.fao.org/agl/emailconf/lada/lada2_fatou_planchon.doc
ftp://ftp.fao.org/agl/emailconf/lada/lada2_fatou_planchon.doc
http://www.idrc.ca/en/ev-47038-201-1-DO_TOPIC.html
http://dup.esrin.esa.it/projects/summaryp60.asp
http://dup.esrin.esa.it/projects/summaryp61.asp
http://www.esa.int/esaNA/SEMOZ00DU8E_index_0.html
http://www.esa.int/esaNA/SEMOZ00DU8E_index_0.html
http://www.engineeringnews.co.za/print_version.php?a_id=125912
http://www.engineeringnews.co.za/print_version.php?a_id=125912
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http://www.eutelsat.com/eutelsat/eutelsat-communications.html
http://www.fews.net/Pages/default.aspx
http://www.gathkenya.com/
http://dup.esrin.esa.it/news/news135.asp
http://www.esa.int/esaLP/SEM2UV2IU7E_LPgmes_0.html
http://www.esa.int/esaLP/SEM2UV2IU7E_LPgmes_0.html
http://www.ewt.org.za/news_fullstory.aspx?status=0&newsID=466
http://www.ewt.org.za/news_fullstory.aspx?status=0&newsID=466
http://www.inmarsat.com/About/?language=EN&textonly=False

International Mobile
Satellite Organization

y=False

Intelsat

Intelsat, oversight by
ITSO (International
Telecommunications
Satellite Organization)

http://www.intels at.com/about-us/

International

Charter International Charter,
Space and Space and Major http://www.disasterscharter.org/main_e.html
Major Disasters
Disaster
IntgrSat InterSat Africa Limited http://www.intersatafrica.com/
Africa
International Corn and | "Down to Earth: Geographic Information for Sustainable
INTSORMIL Millet Collaborative Development in Africa,” Report by National Research
CRSP Research Support Council.
Program http://www.nap.edu/openbook.php?isbn=0309084784
Ndubi, Joseph. "Use of GIS in Census Management
and Mapping: The Kenyan Experience." United Nations
Kenya Kenya Census Regional Workshop on Census Cartography and
Census Management. Lusaka, Zambia. 2007
http://unstats.un.org/uns d/demographic/meetings/wsho
ps/Zambia_80ct07/list_of docs.htm
Kingston Kingston Inmedia http://www.balancingact-
Inmedia africa.com/news/back/balancing-act_143.html
LEWS L'VESFOCK Early http://cnrit.tamu.edu/lews/index.html
Warning system
Mwangangi, Isaac, et al. "The 2008 Liberia Population
and Housing Census." UN Regional Workshop on
Liberia o Cens us Cartography and Management. Lusaka,
Census Liberia Census Zambia. 2007 _ _
http://unstats.un.org/uns d/demographic/meetings/wsho
ps/Zambia_80ct07/list of_docs.htm Accessed April 24,
2008.
MARA leﬁgg ng Malaria in http://www.mara.org.za/
Mindset Mindset Network rr:tp://www.mindset.co.za/corporate/templates/about.ht
http://www.geoq.psu.edu/geclab/miombo/ and "Down to
Earth: Geographic Information for Sustainable
Miombo Miombo Network Development in Africa,” Report by National Research
Council.
http://www.nap.edu/openbook.php?isbn=0309084 784
'\A/Iftrlil(t:':ho'ce ﬁ;lﬂggome Africa http://www.dstvafrica.com/main.aspx?t=9&s=3
Mwazi, Ottilie. "Census Mapping with GIS in Namibia"
Regional Workshop on Census Cartography and
Namibia Namibia Census Management., Lusaka, Zambia. 2007
Census http://unstats.un.org/uns d/demographic/meetings/wsho
ps/Zambia_80ct07/list_of docs.htm Accessed April 24,
2008
Egypt's National
NARSS Authority for Remote http://www.narss.sci.eg/narsspages/home.aspx

Sensing and Space
Sciences
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NEPAD NEPAD eAfrica
eAfrica eSchools Initiative http://www.infodev.org/en/Publication. 355. html
eSchools Demo Project
Nigeria
NigComSat Communication http://news.bbc.co.uk/2/hi/africa/6653067.stm
Satellite -1
NigeriaSat-1 NigeriaSat-1 http://www.sstl.co.uk/index.php?loc=5
Lo L http://www.spac edaily.com/reports/Nigeria_To_Build_S
NigeriaSat-2 | NigeriaSat-2 econd_Space_Satellite_999.html
NileSat The Egyptian Satellite www.nilesat.com.eg
Company
: - - - , P
NileSat-101 NileSat-101 .htED.//WWW.encnneerlnqnews.co.za/lorlnt version.php?a
id=125912
. . http://www.engineeringnews.co.za/print_version.php~?a
NileSat-102 NileSat-102 id=125912
: - - - , p
NileSat-103 NileSat-103 _htElo.//WWW.encnneermqnews.co.za/lorlnt version.php?a
id=125912
o L http://www.engineeringnews.co.za/print_version.php?a
NX Nigeria NX Nigeria id=12591 2
Preparation for Use of http://www.eumetsat.int/Home/Main/What We_Do/Inter
PUMA MSG in Africa nationalRelations/Africa/SP_11822566619017l=en
Regional African
Satellite .
RASCOM L http://www.rascomstar.com/web/index.html
Communications
Organization
Regional Centre for
RCMRD Mapping of Resources | http://www.rcmrd.org/
for Development
Regional Centre for . o .
RECTAS Training in Aerospace http://www.rectas.org/ RECTAS%20Brief.htm
Surveys
http://www. who.int/blindness/partnerships/onchoc erciasi
River Onchocerciasis (River | s_OCP/en/ and United Nations Office for Outer Space
Blindness Blindness) Control Affairs. “Space Solutions for the World’s Problems.”
Programme http://www.uncosa.unvienna.org/uncos a/reports/wssdpu
b/iam/menu.html April 2, 2008.
Council for Scientific
and Industrial ) . .
SAC Research’s Satellite http://www.csir.co.za/SAC/index.html
Applications Center
Satellife AED-SatellLife http://www.healthnet.org/whoweare.php
company
Senegal Telemedicine in http://eu.spaceref.com/news/viewpr.html?pid=5399
Telemedicine | Senegal
Sentech Sentech http://www.sentech.co.za/
SES New SES New Skies ) .
Skies Satellites http://www.ses-newskies.com/products.htm
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Sierra Leone
Census

Sierra Leone Census

Presentation by Statistics Sierra Leone on the Use of
GPS to Design Enumeration Areas: A Convenient
Solution for Developing National Sampling Frames.
http://unstats.un.org/uns d/demographic/meetings/wsho
ps/Zambia_80ct07/list_of docs.htm Accessed April 24,
2008.

Sumbandilas
at

Sumbandilas at

http://www.suns pace.co.za/programmes/ZA002.htm

SunSat SunSat http://centaur.sstl.co.uk/SSHP/micro/micro99.html
SunSpace Sun Spape and http://www.suns pace.co.za/products/index.htm

Information Systems

Tampere Convention

on the Provision of
-ézr:\?eer:g on ;ilserggrrz(rar;ufrg:: El;tilé)anst er http://www.reliefweb.int/telecoms/tampere/

Mitigation and Relief

Operations
Thuraya Thuraya http://www.thuraya.com/content/profile.html
TIGER Aqu!fer and River http://www.space.qgc.ca/asc/eng/satellites/tiger_project.
ARBRE Basin Resource asp#tarbre

Evaluation

Satellite hydrogeology
TIGER for water resource http://www.spac e.gc.ca/asc/eng/satellites/tiger_project.
Ghana management in asp#ghana

Northern Ghana

Remote Sensing and
TIGER GIS GIS Application in http://www.space.qgc.ca/asc/eng/satellites/tiger_project.
River Man Integrated River Basin | asp#limpopo

Management
;\r/l\/GAERREMA ;ﬁquiIWAREMA http://dup.esrin.esa.it/projects/summaryp75.asp
TIGER Lake Satellite Monitoring of

Quality Egypt

Lake Water Quality in
Egypt

http://dup.esrin.esa.it/projects/summaryp79.asp

yifti:?al‘ake Irgfgzc\:mtorla TIGER http://dup.esrin.esa.it/projects/summaryp76.asp
Development and
demonstration of Earth
observation
TIGER technology for http://www.space.gc.ca/asc/eng/satellites/tiger_project.
Malaria Risk identifying natural asp#africa
mosquito habitats and
predicting malaria risk
in Africa
Integrated Decision
TIGER Qd System for Water http://www.space.gc.ca/asc/eng/satellites/tiger_project.
esource
Morocco asp#morocco

management, Sous-
Massa Basin, Morocco
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TIGER Nile TIGER Nile River http://www.space.gc.ca/asc/eng/satellites/tiger_project.
River Awareness Kit asp#nile
Operational soil
TIGER Share | moisture monitoring http://dup.esrin.esa.it/projects/summaryp77.asp
senice
TIGER TIGER StereoSat http://www.space.gc.ca/asc/eng/satellites/tiger_project.
StereoSat Africa asp#stereosat
Water Resources
TIGER Asse_ssment using _ _ _
SAR in Desert and http://dup.esrin.esa.it/projects/summaryp78.asp
WADE . )
Arid Lands in West
African Ecosystems
Satellite
Ugand Communication for
b o Community http://www.idrc.ca/en/ev-86365-201-1-DO_TOPIC.htm
elecentre
Development:
Nakaseke Telecentre
UNISA University of South http://www.unisa.ac.za/default.asp?Cmd=ViewContent&
Africa ContentID=20555
WE Consult WE Consulting http://www. we-c onsult.info/index.html
Company
World Space \év:drilg Space Satellite http://www. worldspace.com/whatisit/overview.html
"Basson, Carel. "The Use of Geographical Information
Systems, Global Positioning Systems and Automated
Demarcation Technologies in Surveys and Census
Mappingn at Statistics South Africa." Proceedings of the
ZA Census Census South Africa Regional Workshop on Census Cartography and
Management, Lusaka. 2007.
http://unstats.un.org/uns d/demographic/meetings/wsho
ps/Zambia_80ct07/list_of docs.htm Accessed April
2008.
Zambia, "Census Mapping: A Case of Zambia." United
Nations Regional Workshop on Census Cartography
Zambia . and Management. . .
Census Zambia Census http://unstats.un.org/uns d/demographic/meetings/wsho

ps/Zambia_80ct07/list_of docs.htm Accessed April 24,
2008.
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Appendix C: Master Space Project Matrix with Projects

The Master Space Project Matrix is shown below with the projects filled in. Because the graphic is so large, it is

divided into two parts. First, the left half of the Matrix is shown; next the right half is shown.

Non- . ISUCINEL
Mas_ter Space Regional R:fﬂl(?:r?] Collaboration;
Project Case One African Country + African Coliaboration RS
Study Matrix — Contractors (37) Collaboration | Contractors from African
L eft Sid + Contractors 4 partner
(Left Side) @ @)
Desian. Build SunSat, Sumbandilasat,
Lo % omoral NigeriaSat-1, ALSAT-1, NX
auSaieI’Iité)((agfl € Nigeria, Alsat -2A, Alsat - 2B,
EgyptSat-1
Design, Build
Satellite (2) Sunspace, ESL at SU
NigeriaSat-2, NARSS,
B“gai‘gﬁi tg‘;f;‘te Nilesat 102, Nilesat 101, ARMC RASCOM
NigCom Sat, NileSat
Lease and Operate .
Satellite (1) Nilesat 103
Operate Others’
Satellites (1) SAC
Sentech, MultiChoise Africa,
Intersat, AFSAT, Mindset
UNISA, Botswana V-Sat, WE
Consult, Zambia Census,
Operate Ground Liberia Census, Namibia
P . Census, South Africa
Segment; send or
receive data (22) Census, Kenya Census,
Gath, Compuplot, Sierra
Leone Census, Ethiopia
Census
Process Sat Data; AGRHYMET, gmtrsc%e
create data products CENACARTA, CERGIS Geo- ACMAD o’
(31) AQUIFER RECTAS
Use Sat Data
Products (1) MARA
Participate in
Regulatory Action
(2)
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External Collaboration; Sat

External Company

External
Collaboration; expertise from external partner or Org.; provides
Master Space Sat expertise ) sat service in Africa
Project Case from both sides )
Study Matrix — (13)
(Right Side)
Design, Build,
Launch, Operate DMC
Satellite (9)
Design, Build
Satellite (2)
Satellife, SES
Buy and Operate E tNIEV\t/ ISkles, ¢
Satellite (15) uteisat, inmarsat,
Intelsat, Thuraya,
WorldSpace
Lease and Operate
Satellite (1)
Operate Others’
Satellites (1)
Kingston Inmedia
Operate G d Uganda Telecentre, NePAD
Seg‘;r:n?_ Sreo: dnor GPS Crane eAfrica, Senegal Telemed, AVU,
receive éata 22) Track River Blindness, EGNOS, Cyber
Shepherds, AIDS Telemed
Miombo, TIGER
Ghana, TIGER GMES, NileRiver, Tiger Morocco,
GIS River Man, Malaria Risk TIGER, TIGER
b Sat Data: TIGER WADE, ARBRE, TIGER StereoSAat,
O e date IWAREMA TIGER SHARE, EPIDEMIO DUE,
products (31) TIGER, Lake GlobWetland DUE, Lake Quality
Victoria TIGER, Egypt TIGER, Coasts Tanzania,
FEWSNET, Intsormil CRSP, ARTEMIS, PUMA,
AFRICOVER, AMESD
LEWS

Use Sat Data
Products (1)

Participate in
Regulatory Action

Tampere Cony,
Space and Major
Disasters

@)
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