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Foreword

As one of the fourteen research and training centers of
the UNU system, the United Nations University Institute
of Advanced Studies (UNU-IAS) undertakes research and
advanced capacity development on emerging issues of
importance to the United Nations and its Member States,
with a special focus on the challenges facing developing
countries. UNU-IAS is mandated to find workable
solutions to the challenges of sustainable development
and to promote interaction within the United Nations
system, with other bodies, and among its Member States
in this regard. As such the Fourth Tokyo International
Conference on African Development (TICAD IV) and the
Hokkaido Toyako G8 Summit meetings in May and July
2008 respectively, both with climate change as central
agenda items, present important occasions for UNU-IAS
to focus policy maker and public attention not only on
the close interconnection between environment and
development in Africa, but also the possibilities and
pathways for global partnerships to utilise science and
innovation for sustainability.

This report is part of a series of activities undertaken

by UNU-IAS in the run-up to TICAD IV on the theme of
Africa’s sustainable development. The paper outlines key
environmental challenges facing Africa and their impact
in areas such as biodiversity, soil and water quality, as well
as disease control. It further identifies best practices for
sustainability, and addresses the question of how Africa
and its international partners, including Japan, can go
about harnessing science and technology interventions to
attain Africa’s development targets. With Africa posting
impressive economic growth rates —the projected growth
rate for 2008 is 6 percent —the findings of this report

are as important to the new opportunities emerging for
entrepreneurs, research and development communities
and the public sector, as they are to ongoing efforts to
reduce poverty and respond to the challenges of climate
change. As the poorest continent, Africa is doubly
vulnerable to the challenges of climate variability. Poor
people, as the Millennium Ecosystem Assessment found,
are made not just worse off, but disproportionately worse
off when ecosystems are degraded. With IPCC projections
indicating that Africa will experience significant water
stress by 2020, with immediate knock-on effects

for agriculture production and human security, the
possibilities offered by various technologies —in the fields
of biotechnology, clean renewable energy, information
and communication technology for health monitoring,
and water and sanitation — need to be carefully examined
in an independent, neutral and objective manner.

The task before us is to seek ways to clarify practical
development interventions, at both the high and lower
ends of the technology scale, and to establish operational
partnerships within Africa, and with Africa, to turn these
into reality. We hope this UNU-IAS report contributes to
progress on this important topic at the highest level.

= Y
A.H. Zakri

Director, UNU-IAS
May 2008






Executive Summary

Global warming is considered one of the major
challenges of the 21st century. It is predicted that Africa
will be particularly vulnerable to climate change and
associated biodiversity loss, food insecurity, water
scarcity, and an increase in drought frequency. African
economies are closely linked to natural resources and
rely heavily on agriculture. Most of Africa’s agriculture is
rain-fed, thus farmers are susceptible to environmental
shocks. Though agricultural development is central

to African economies, it has a long history of being
considered of secondary importance in economic
development. As the current food crisis shows, it is
important to rethink not only agricultural policies, but
also agricultural practices and particularly the role
science and innovation can play to address development
and sustainability challenges. While is this particularly
true for agriculture, this in fact also applies to other
sectors of African economies. With imperatives like
climate change and ecosystem services declines

higher than ever on the public agenda, the possibilities
offered by linking appropriate science and technology
innovations to development and particularly sustainable
development are timely and critical to focus on.

In recent years, African governments have begun to
prioritise science and technology in efforts to attain
development targets. A good example of this political
energy is the establishment of the High-Level African
Panel on Biotechnology by the African Union. For new
technologies to have positive and sustainable impact

on Africa, they must be directly linked to improving
livelihoods and helping the continent to overcome

the fundamental problems of poverty, hunger and
marginalisation. Key is also to recognise that concern for
Africa’s environment goes far beyond conservation issues,
to also include the threats posed by climate variability
and ecosystem degradation. Each of these is intricately
linked to African livelihoods.

There have been significant advances in science and
technology. Major areas of development include more
effective monitoring and assessment techniques, such

as remote sensing, the transformation of information
and communication technology (ICT), rapid advances

in biotechnology and genetic modification, and more
efficient and faster transportation. The developmental
implications of these new technologies are already
apparent. Knowledge provides tools for planning and risk
management. However, investing in new technologies
will require specific investments in public and private
scientific and technological knowledge and research
infrastructures. This implies that important policy choices
and trade-offs need to be made.

Decision makers are confronted with choices concerning
the use of natural resources and the environmental
impacts of development policies. Indicators, such as the
Environmental Performance Index, provide countries
with a way of understanding national sustainability
trajectories and evaluating them for appropriate action.
The aggregate analysis reveals that African countries
show medium scores in maintaining biodiversity and

air quality while they perform poorly in the area of
environmental health and water quality.

For Africa to address pressing environmental

problems such as climate change vulnerability,

disease, and unsustainable resource use, while
improving the wellbeing of its citizens, priority has to

be given to scientific research and the development

of environmentally sound technologies. While
advancements in science and technology have created
new opportunities for innovative development solutions,
the benefits from these technologies have so far been
limited.

Looking forward, it is apparent that African countries
cannot afford to focus on upgrading their industrial
capabilities along traditional lines of economy first,
environment later. Incorporating advanced technologies
(e.g. ICT, biotechnology, and Geographic Information
Systems) now provides Africa a range of new applications
and possibilities in agriculture, health, and environmental
management. Many of these technologies can assist

in providing solutions to basic needs, such as cheaper
diagnostic kits and high-yield seeds, and to improve
productivity both in agriculture and in industry.






Introduction

African economies are highly dependent on natural
resources and poverty and environment are complexly
linked—with about two thirds of the population
depending on agriculture for their livelihoods.
Degradation of natural resources reduces the
productivity of the poor who most rely on them, and
makes them even more susceptible to extreme events
(e.g. climate variability, economic decline, and civil
unrest). Understanding the link between livelihoods
and managing essential services provided by natural
ecosystems is critical for achieving sustainable
economic growth and poverty reduction. There is

now a new development context in which unique and
unprecedented environmental change and environmental
threats—such as climate change, land and water
degradation, desertification, and biodiversity loss—
undermine the sustainable development processes in
Africa.!

Currently, one of the most critical issues for the continent
is food security. Africa is facing diminishing agricultural
stocks, high food prices, and decreasing productivity. At
the same time, environmental sustainability is being lost.
Soil quality and fertility, water, and biodiversity are being
adversely affected as farmers are poorly rewarded for
acting as stewards of almost a third of the Africa’s land.
In addition, human-induced climate change threatens
agricultural productivity. One of the critical messages of
the recently concluded Agriculture Assessment is that the
course of agricultural development must be altered now
and the world must cooperate in solving food insecurity
and environmental degradation. Moreover, the way the
world grows its food must radically change to better
serve the poor and hungry if Africa is to cope with a
growing population and climate change. Paradoxically,
investment directed toward securing the public interest
in agricultural science, education and training and
extension to farmers has decreased at a time when it is
most needed.?

Scientific and technological developments in the field of
environment present new opportunities for solving or
alleviating problems in areas such as climate change, food
security, health, etc. However, a narrow understanding
of the function of technology in development,
particularly in terms of environmental management, has
produced scepticism over the roles of new technologies
in development. This scepticism has compromised
efforts in developing countries to seriously examine

the opportunities and risks associated with emerging
technologies.?

An important aspect in the diffusion of technology

is international cooperation. At the World Economic
Forum this year, the Japanese government announced its
intention to make its environmental technology available
to Africa. This year Japan takes over the presidency of the
G8 and environment and Africa are high on the agenda.
The G8 Summit will be preceded by the Fourth Tokyo
International Conference on African Development (TICAD
IV). This presents African countries with an opportunity
to develop targeted proposals for science and technology
cooperation that address the most pressing economic
and environmental needs of the continent.

This report provides an overview of some of the
environmental issues facing Africa and examines the

role of science and technology cooperation in meeting
these challenges. An environmental performance country
analysis is used to identify areas of best practice, as well
as areas of action.



2. Key environmental challenges for Africa:
vulnerabilities, performance and opportunities

10

Though human vulnerability to environmental change is
a global phenomenon, the biggest polluters are typically

not the most affected by the impacts of human activities.

Africa in particular is widely accepted to be the most
vulnerable to global environmental change and the least
able to adapt.*

The key problems threatening Africa’s environment are
land and water degradation, biodiversity loss, and climate
change. These issues are manifested as deforestation,
desertification, declining soil productivity, pollution,

and depletion of freshwater.® Africa’s economies and its
peoples are particularly prone to the effects of drought
and floods—the frequency and intensity of which are
likely to increase with climate change (Box 16). In addition,
a high disease burden, including HIV/AIDS, malaria,
tuberculosis and water-born diseases contributes to
extreme poverty, limiting the continent’s capacity to
adapt to environmental stresses.

While environmental problems are often seen
as primarily conservation issues, or peripheral to

development, decline in ecosystem function usually has
significant impacts on African livelihoods. Deforestation,
for example, is typically regarded as reducing biodiversity.
However, more than 70 percent of sub-Saharan Africa’s
people depend in large measure on forests for their
living, and 60 percent of Africa’s energy needs are met by
wood. Thus, particularly for Africa’s rural communities,
deforestation removes key sources of food and fuel.

It also adversely affects tourism and reduces the
availability of medicinal plants, potentially affecting the
development of new pharmaceuticals.”

While the impact of global environmental change is

not always life-threatening, it bears serious economic
consequences—leaving marginalised people even more
vulnerable. As shown in Figure 1, many of these issues
are interrelated and interdependent and require: 1)

an integrated, synergistic mix of policy processes and
instruments that promote sustainable environmental
management and 2) the bringing together of science and
technology (innovation) with environmental policies.

Box 1: Predicted impacts of climate change in Africa

The precise impacts of climate change are not yet known, however, there is consensus on the general trends. For
example, climate change scenarios for Africa forecast warming across the continent ranging from 0.2°C per decade
(low scenario) to more than 0.5°C per decade (high scenario). This warming will be greatest over the interior of semi-
arid margins of the Sahara and central southern Africa. Sea levels are projected to rise by 15 to 95 centimeters (6 to 37
inches) by 2100. According to a report produced by the Secretariat of the UN Framework Convention on Climate Change
(UNFCCCQ), rising sea levels could destroy an estimated 30 percent of Africa’s coastal infrastructure. Coastal settlements
in the Gulf of Guinea, Senegal, Gambia, and Egypt could be flooded. Climate change will have also significant impacts

on biodiversity, food security, and health in Africa.

Source: Hulme et al., 2001.

Figure 1: Human well-being and the Earth: an integrated system
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2.1 Climate variability, drought and
social vulnerability

Research demonstrates that high climate variability

(as evidenced in increased frequency and intensity of
droughts and floods) correlates with lower economic
performance.? Countries with high climate variability,
typically located in Sub-Saharan Africa, tend to have
lower GDPs per capita. The Fourth Assessment Report
published by the Intergovernmental Panel on Climate
Change (IPCC) shows that global climate change will
lead to an increase in climate variability, reducing the
resilience of African farmers to cope with environmental
stress.? Droughts are the single most important natural
hazard in Africa and are associated, on average, with
the highest loss risk measured as a proportion of GDP
per unit area (Figure 2'). If global temperatures rise by
2-3°C within the next 5o years as projected, crop yields
are predicted to decline; malnutrition and heat stress
will increase; and around 15-40 percent of species will

be driven to extinction."” Low-income countries in Africa
will be least likely to be able to cope with change, as they
cannot afford adaptation costs given their low GDP. In
addition, population growth will increase environmental
stress and increase social vulnerability.

One potential outcome of increased environmental stress
is higher propensity for civil unrest. In an environment
with reduced economic returns caused by drought, the
incentives to engage in a war economy increase. Poverty
adds to political instability by widening inequalities
between groups and increases a society’s predisposition
to violent conflict.”? For example, in times of sharp
economic decline, chronic poverty and poor economic
conditions reduces the costs of recruiting rebel soldiers.”

2.2 Agriculture and sustainable
development

Agriculture constitutes a large percentage of overall

GDP, generating approximately one third of the income
in Africa. In some countries, such as the Central African
Republic, Ethiopia and the Democratic Republic of Congo,
the share of agriculture in the gross domestic product

in 2005 was as high as 54 percent, 48 percent and 46
percent respectively." Ninety-five percent of Africa’s
agriculture is rain-fed making African farmers susceptible
to climate variability and change.™ Though agriculture

is central to African economies, it is often regarded

as separate from other sectors. Traditional attitudes
view economic development as a series of stages that
involve the transfer of capital from the agricultural to the
industrial sector. This approach overlooks vital linkages
between agriculture and other sectors of the economy."®
As stated by Professor Robert Watson, Director of the
Agriculture Assessment:

“Agriculture has a footprint on all of the big
environmental issues, so as the world considers
climate change, biodiversity, land degradation,
water quality, etc. they must also consider
agriculture which lies at the centre of these
issues and poses some uncomfortable challenges
that need to be faced. We've got to make sure
the footprint of agriculture on climate change
is lessened, we have to make sure that we don‘t
degrade our soil, we don't degrade the water, we
don’t have adverse effects on biodiversity. There
are some major challenges, but we believe that by
combining local and traditional knowledge with
formal knowledge these challenges can be met.”"”

Figure 2: Distribution of economic loss risk as proportion of GDP
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Natural capital constitutes a much larger share of total
wealth in poor countries and they are therefore much
more susceptible to external shocks and in particular

to commodity price cycles (Figure 3). Analysis of the
different types of natural capital (including cropland
and pastureland, timber resources, and protected areas)
shows the importance of soil for low-income countries
(Figure 4).Cropland and pastureland make up almost 70
percent of natural wealth in these countries, therefore,
maintaining soil quality is fundamental to achieving
sustainable growth.® It is estimated that nutrient
depletion accounts for about 7 percent of the agricultural
share in the average GDP of Africa with national values
ranging up to 25 percent, demonstrating soil nutrient
mining as a significant basis of current economic
performance.”

Soil nutrient depletion is also affected by external factors.

The price of nitrogen fertiliser has been increasing over
the years such that it has become unaffordable to most
small-scale farmers. Due to a variety of factors (e.g.

high transport costs, poor dealer network, etc.), African
farmers pay two to four times the average world market
price for fertilisers.?

Figure 3: Shares of wealth by income group, 2000

Another major cause of environmental degradation is
deforestation. Between 1990 and 2000, Africa lost 52
million hectares of forests, equivalent to a decrease of
0.8 percent per year and 56 percent of the global total.
Approximately 60 percent of the areas of tropical forest
cleared during this period were converted to permanent
agricultural smallholdings.? Under low-input systems
and prevailing degradation processes, the potential
productivity of the soils cannot be realised. If current
trends of soil degradation and population growth
continue, the continent might only be able to feed 25
percent of its population by 2025, according to United
Nations University’s Ghana-based Institute for Natural
Resources in Africa.??

Given these constraints, the challenge to African
agriculture is not only to enhance production to meet the
increased food demands of the expanding population,
but to finding innovative ways to overcome the fertiliser
challenge and develop well thought-out use of soils so
that their future productivity is sustained, especially
given the projected population growth of 2.4 percent per
annum.?
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Figure 4: Breakdown of different types of natural capital
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As many smallholder farmers have neither the purchasing
power nor market access to capitalise on the benefits of
new technologies, and incentive structures often limit
the uptake of benefits from new technologies—the
public sector takes on much of the responsibility for
agricultural Research and Development (R&D), accounting
for about 94 percent of the US$12.1 billion spent annually
on agricultural R&D in developing countries.* However,
the expenditure growth rate has declined in Sub-Saharan
Africa. At the same time, there has been an increase in
private investment in agricultural R&D worldwide. Most
private investments are not targeted at poor farmers and
are rather directed at technologies that benefit framing
in industrialised countries.?®

Given these trends, more and more emphasis is being
placed on partnership approaches. Though joint
investments between the public and private sectors in
agriculture have been limited in most African countries,
the potential exists for public-private partnerships

in innovations for agricultural transformation. The
motivations and incentives for public and private actors
differ, but common spaces and overlapping interests can
be identified.?® Partnerships are particularly valuable in
agricultural biotechnology R&D, where private sector
resources and expertise can be applied to public research
priorities in developing countries. The Consultative
Group on International Agricultural Research (CGIAR) and
its national, public-sector partners have recognised this
potential and are undertaking several collaborative R&D
programmes with the private sector to enhance yields or
the nutritional content of crops such as cassava, millet,
maize, rice, and wheat.?” In addition, new organisations
like the African Agricultural Technology Foundation
(AATF) are promoting partnerships between the public

High-inoome couniries

and private sectors that are designed to remove some of
the barriers that have prevented smallholder farmers in
Sub-Saharan Africa from accessing existing agricultural
technologies that could help improve food security and
reduce poverty in the continent.?® The area of post-
harvest operations (i.e. storage, transport and processing)
could also offer good economic opportunities for public-
private sector research partnerships.

Success in innovations to transform agriculture for
improved livelihoods and development in Africa hinges
on obtaining the right technologies, infrastructure,
institutions and policies. In terms of policy, agricultural
development should feature high on the agenda of
the Poverty Reduction Strategies of African countries.
The focus should be on the promotion of community-
based and private-sector-led development.?® There is
still, however, a need for more critical analysis of why
sustained and successful partnerships are limited, and
why, as a result, opportunities for pro-poor research have
been overlooked.

2.3 Climate change and food security

Increased demand for feed, food, and fuel, low
agricultural stocks and slow-growing supplies of
agricultural outputs, has resulted in steady increases
in food prices—jumping more than 20 percent in 2007
alone. Since 2000, the price of wheat has tripled, while
the prices of corn and rice have almost doubled (Figure
5)%°. The impact of cereal price increases on food-
insecure and poor households is already considerable.
For every one percent increase in the food prices, food
consumption expenditure in developing countries
decreases by 0.75 percent.?" While household spending on

13
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Figure 5: Food and Cereals Price Index (2000 - March 208)
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food in a developed country like the US accounts for just
10 percent of income, it constitutes more than 60 percent
of income in Sub-Saharan Africa.?? As mentioned above,
climate change risks will have adverse impacts on food
production. For example, access to food will be negatively
affected by increasing aridity and lands suffering
moisture stress, thereby increasing food insecurity and
malnutrition. One report estimates that when taking into
account the effects of climate change, the number of
undernourished people in Sub-Saharan Africa may triple
between 1990 and 2080 (Table 1).3

Given these projections, countries with limited adaptive
capacities to climate change are faced with significant
threats to food security and social stability. The current
riots protesting rising food prices among the hardest

hit people in Somalia and in parts of Central and West
Africa are an indication of the potential for social unrest
and civil violence.* As climate change is a gradual
process, there is space for creating innovative adaptation
measures as an extension of good development policy.
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For example, some policy suggestions that merit
further investigation include: creating markets in water
and environmental services, investing in research and
development for enhancing soil fertility and agricultural
productivity, enhancing resilience to disasters and
improving disaster management, and promoting social
safety nets (for example, drought insurance).

Rising food prices can also open a window of opportunity
for African governments to make the agricultural sector
profitable. With policies to improve access to inputs
and the support of governments, Africa can move from
subsistence agriculture to commercial farming. As one
expert explains, “When the prices are high, African
governments should do all they can to increase the food
production. By supporting agricultural inputs, as the
Government of Malawi has done with subsidy programs
for seeds and fertilisers, the much needed African Green
Revolution can be made operational.”**

Table 1: Expected number of undernourished in millions, incorporating the effects of climate change

Region 1990 2020
Developing countries 885 772
Sub-Saharan Africa 138 273
Middle East & North Africa 33 55

Source: Adapted from von Braun 2007

2050 2080 2080/1990 ratio
579 554 0.6
359 410 3
56 48 15



2.4 The role of infrastructure

Another challenge for Africa that is peripheral to the issue
of environment, but crucial for economic development

is high transport costs. Infrastructural development is of
particular importance to Africa as many of its countries
are landlocked thereby increasing the costs for trade. This
is attributable to lack of access to good roads or navigable
rivers driving up transport costs. A study by the United
Nations Conference on Trade and Development (UNCTAD)
found that international transport costs African countries
almost twice the world average.*® The railway system

is small and inefficient, transport costs are on average
about 200 percent higher than in Southeast Asia. It is
estimated that Africa has fewer roads than a country like
Poland.” Compared to other regions, such as Asia, where
most of the population is concentrated in the coastal
areas with easy access to domestic and international
markets, Africa’s population is more evenly distributed
across the continent, with only 19 percent of the
population living in coastal areas.*®

15



3. Ildentifying environmental best practice and the

need for action

To mitigate some of the environmental problems
described above, African countries need to understand
national sustainability trajectories and evaluate them

for appropriate action. Decision makers at all levels are
confronted with choices concerning the use of natural
resources and the environmental impacts of development
policies. Without reliable indicators to guide these
choices, it is difficult for countries to determine if they are
in fact on a sustainable path.*

One method of monitoring the environmental
sustainability paths of individual countries is the
Environmental Performance Index (EPI) developed by
researchers at Yale and Columbia University.** The

EPI provides a way of quantifying and numerically
benchmarking a country’s environmental performance
across a suite of different issue areas such as air and
water quality, biodiversity conservation, and natural
resource management. The performance metrics are
carefully chosen to be ones that are policy mutable
(meaning government policies can actually change a
country’s performance on that metric) (See Annex 1).
Performance targets are mostly drawn from international
agreements or set by international organisations and
national authorities; in several cases expert opinion

is used to set the targets. The targets do not vary by
country (for example, to achieve 100 percent coverage
for water and sanitation provision).#' This performance
analysis helps to identify those countries within a specific
peer group, e.g. Sub-Saharan Africa, that may have good
performance that is worthy of emulation. The EPlis in the
same vein as the target setting under the United Nations’
Millennium Development Goals (MDGs) and the 2010
Biodiversity targets, and indeed, it borrows a number

of indicators and targets from these efforts. Ultimately,

the EPI measures a country’s ability to protect its citizens
from environmental pollution as well as its capacity to
actively manage and protect the environment.*?

3.1 Measuring Africa’s environmental
performance

The 2006 and 2008 EPI shows good to median aggregate
scores for Africa on biodiversity, access to water, air
quality, and ecosystem degradation, though this is
largely due to low levels of industrialisation. Conversely,
African countries perform very poorly on environmental
health indicators (Figure 6 and 7). Indoor air pollution
(largely caused by cooking and heating with solid fuels
on open fires or stoves without chimneys) and poor
sanitation are major health risks. It is worth noting

that due to low levels of industrialisation; Africa’s
environmental indicators are similar compared to their
Asian counterparts.

Though it represents a generalisation over the whole
continent, this type of performance analysis is a powerful
tool for assessing environmental investments and
improving policy results and the same analysis can be
performed for individual countries. Given the low levels
of industrialisation, African countries perform well in
comparison to some of the world’s largest industrialising
countries, such as China and India, who face serious
challenges in establishing systems to control air and
water pollution and to prevent biodiversity loss. The
natural resource base, e.g. biodiversity, good water

and air quality are assets that can be harnessed for
development. The challenge for Africa is to avoid the
pitfalls of unsustainable natural resource management
while boosting economic growth.

Figure 6: Comparison of 2006 EPI for sub-Saharan Africa and South East Asia

In the EPI, environmental performance is measured on a proximity-to-target basis, with O representing the farthest from the

target, and 100 representing attainment of the target. African countries are closer to the policy target air pollution compared

to their Asian counterparts, but further away in terms of environmental health.
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Source: Daniel C. Esty et al., “Pilot 2006 Environmental Performance Index. New Haven: Yale Center for Environmental

Law & Policy,” (New Haven: Yale, 2006).




Figure 7: Comparison of 2008 EPI for sub-Saharan Africa and South East Asia
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Source: Daniel C. Esty et al., “2008 Environmental Performance Index,” (New Haven: Yale Center for Environmental Law

and Policy, 2008)

In periods of rapid industrialisation, most indicators
show environmental degradation first increasing with
income growth, and only starting to decline after
achieving a certain level of wealth. This suggests that
without intervention, environmental degradation

will get much worse before it gets any better—a time
lag that African countries cannot afford. If Africa is to
achieve the growth rates like those demanded by the
MDGs, policy interventions are needed to address the
problems of environmental degradation associated with
increases in industrial activity. The implication is that
policy interventions have a role in the earlier stages of
development and ways must be found to achieve the
kind of industrial development that will allow African
countries to prevent the harmful linkage between
industry and pollution. To undertake an environmentally
sound industrial development strategy, countries need
better integration and cohesion between industrial

and environmental policies and the dissemination of
environmentally sound technologies.®

3.2 Harnessing science and technology
for sustainable development

In the last 20 years, there have been significant advances
in technology. Major areas of development include more
effective monitoring and assessment techniques, such
as remote sensing, the transformation of information
and communication technology (ICT), rapid advances

in biotechnology and genetic modification, and more
efficient and faster transportation. The developmental
implications of these new technologies are already
apparent. For example, the rapid growth in mobile
telephones has empowered rural farmers by improving
access to market information. Technological innovation
can offer important opportunities for responding more
effectively to challenges in areas such as natural resource
management, agriculture, health, water, sanitation, and
energy.

A number of factors (e.g. market failure, inappropriate
pricing, risks, lack of knowledge, etc.) affect the adoption

of environmentally friendly technologies. African
governments, often preoccupied with other pressing
needs, assign less priority to issues of environmental
technology. Africa, therefore, needs science and
technology policies that are rooted in African values, but
informed by environmental perspectives that are directed
towards sustainable growth and development.

To address these environmental concerns, particularly in
areas that are far from set targets, such as environmental
health, the application of appropriate science and
technology is key. By investing in human resources and
providing an environment for innovation, Africa can solve
its own problems and improve human well-being. To be
successful, however these technologies must dovetail
with the broader effort of enhancing the capabilities

of firms to compete in domestic and international
markets.**

Juma argues that “development cooperation has often
been driven by diplomatic considerations that are devoid
of serious operational content [and] much of what passes
for development cooperation is focused on “discourses”
about a variety of possible options for development,
rather than development action.”* To turn this situation
around and overcome these obstacles, experts call for
the application of a combination of high-end and low-
tech science and technology. The emphasis should be on
technologies that have been proven successful and can
be replicated with local capacity and resources.
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development in Africa

In recent years, African countries and their leaders have
begun to prioritise science and technology as important
factors in efforts to attain development targets. As
noted by Kwansah-Aidoo and Obijiofor (2006), “various
African governments have recognised the strong

link between new technologies and socioeconomic
development and are proceeding to put in place
measures aimed at harnessing and maximising their
perceived benefits.”*¢ Innovation can take the form of
technological innovation, or innovation in organisation,
processes, and management (See Figure 8).4’ A key
aspect of this is establishing sustainable management
of environmental services as a central part of economic
development. As outlined in the previous sections, there
is a strong awareness that development and environment
are inextricably linked and for the vast majority of

Africans, particularly for the poorest, environment is a
development tool. As shown in Box 2, this recognition is
recognised in the new kinds of institutional arrangements
and programmes that are being established in African
countries.

Emphasis is now being placed on identifying activities
and processes that will add new and significant value

to existing programmes. While there are many unmet
challenges in Africa, there are also exciting opportunities
for innovations in technology development that could
carry global implications. Currently, Africa is commanding
more attention among technologists leaving the field
open to those who might wish to take a commanding
leadership role quickly.

Figure 8: Linking science, technology and policy systems with sustainability
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Box 2: Selected African institutions integrating science and technology and environmental
sustainability

Central to the new generation of institutions, the African Ministerial Conference on the Environment (AMCEN),
established in Cairo in 1985 under the auspices of the AU, has taken up the mandate to provide advocacy for
environmental protection in Africa while ensuring that social and economic development is realised at all levels.
AMCEN led the process for the development of the action plan for the Environment Initiative for the New Partnership
for Africa’s Development (NEPAD) and it has repeatedly argued that technology support and capacity building issues
are key priorities in addressing the sustainable management of Africa’s environmental resources. NEPAD and the AU
Commission have also established a high-level African Panel on Biotechnology (APB) to facilitate open and informed
regional multi-stakeholder dialogue on, scientific, technical, economic, health, social, ethical, environmental, trade and
intellectual property protection issues associated with or raised by rapid developments in modern biotechnology.

Common objectives of environmentally sustainable, socio-economic transformation of the continent are also
articulated in the African Ministerial Council on Science and Technology’s (AMCOST) ‘Consolidated Science and
Technology Plan’ (November 2003).

At the international level, further strengthening this position, in February 2006, the Heads of State and governments
of six African countries (Burkina Faso, Kenya, Lesotho, The Gambia, Tunisia, and Rwanda) adopted the United
Nations Environment Programme-led Bali Strategic Plan for Technology Support and Capacity Building in the field
of environment, as an expression of their high-level political commitment to promoting technology support and
sustainability measures in their countries and in Africa. The Plan complements and supplements initiatives instituted
under NEPAD and AMCEN and serves as a pilot study for further initiatives.



4.1 The role of international partners:
Japan and Africa

For new technologies to have a positive impact on Africa,
they must be directly linked to improving livelihoods
and helping the continent to overcome the basic
problems of poverty, hunger and alienation. Although
scepticism remains about the relationship between new
technologies and economic growth in Africa, greater
evidence tends towards the positive side of the new
technologies. Efforts to mobilise science and technology
for sustainability are more likely to be effective when
they are perceived by the public to be credible, but also
relevant, and legitimate.

The framing of the issues is important in garnering
support for adopting or developing new technologies
or investing in research. Often, the false assertion that
society must choose between the economy and the
environment is made. In reality, the “jobs versus the
environment” choice is a misleading dichotomy—it is
really a choice between short-term gain and long-term,
sustained prosperity.

The relationship between developed and developing
countries is generally one of providing aid, giving
technical assistance, and importing raw material and
natural resources. This is equally applicable to scientific
research. Typically the higher value processes of
commercialising innovations that take place in Africa
occur in developed countries. Perhaps signifying a
promising shift in this pattern, Japan’s Council for Science
and Technology Policy recently argued “Japan should
change its traditional mindset, and place a new emphasis
on making use of the country’s superior strengths in
science and technology... [through] projects to address
environmental, water, and infectious disease problems
that are closely related to the maintenance of human life
and health, economic development and the preservation
of ecosystems, particularly in Africa.”®

In his address at the World Economic Forum in Davos,
Yasuo Fukuda, the Prime Minister of Japan, announced
that the world economy, climate change, and
development and Africa would be key issues addressed
at the upcoming G8 summit in July.* As Japan assumes
the chairmanship of the G8 this year, the environment
and Africa will be prominent on the agenda. > This
includes a five-year, US$10 billion fund to support efforts
in developing countries to address global warming.

In addition, Japan has indicated that it will share its
expertise and technology to help improve access to safe
drinking water and sanitation facilities in African and
other developing countries. Japan is pushing for such
measures as host of both the Fourth meeting of the
Tokyo International Conference on African Development
(TICAD IV) and the G8 summit this summer. >

In May, Japan intends to release a mid- to long-term
support framework for Africa. The Government has
stressed that if Africa starts to thrive and the world
as a whole becomes prosperous, it will have a positive

impact on the Japanese economy as well. As the

Japanese government has stated its intention to make

its environmental technology available to developing
countries with the participation of industry, opportunities
exist for strengthening the ties between the Japanese
and African research and technology communities.

The question of sustainable development creates
perhaps the most exciting opportunities in Africa for
scientific and technological innovations. For example,
handheld computers, smartphones, the Internet, and
Global Positioning Systems, can now be used to create
sustainable data flow in developing countries. In Kenya
and Zambia, provincial officers used EpiSurveyor, a free
digital data collection system to monitor health. This
method of surveying and emergency reporting could also
be extended monitor environmental, energy, disaster
management, or global warming-related issues.

The path to achieving sustainable development will be
characterised by trade-offs. Development in Africa must
occur and will occur, therefore, the current thinking

shifts away from traditional environmental views of
preserving or conserving, and rather focuses economic
development done smartly. This means that sustainable
development can offer economic opportunities, including
new industries and technology approaches, to unmet
problems. This is enhanced by donor funding mechanisms
such as the idea is to commercialise projects that sustain
the environment yet enable economic development.®

4.2 Examples of making science and
technology work in Africa

As indicated in the previous section, opportunities

exist for cooperation and collaboration in science and
technology propagation and exchange through linkages
with local and regional innovations. The Japanese
government has been a major aid provider to African
nations, but the private sector, including scientists and
nongovernmental organisations, is also increasingly
involved in assistance for international development.
There are several examples of successful collaborations
between Japan and Africa.

In the health sector, the Japanese government and
private sector worked with the UN Millennium Villages
Programme in Africa to provide funding and malaria
prevention. The Japanese government contributed

initial funds for eight villages in 2005, while Sumitomo
Chemical, Japan’s leading chemical maker, provided tens
of thousands of mosquito-preventive bed nets that it had
developed. The bed net, reputed to be the world’s most
effective anti-malaria tool now available, is an innovative
product that has a guaranteed life of five year. Production
of the anti-malaria net in Africa is located in Tanzania.>®

With support from the Japan International Cooperation
Agency (JICA), the Kenya Medical Research Institute
(KEMRI) has developed an inexpensive but effective
diagnostic testing kit for Hepatitis B (Hepcell). The kit is
now in use in all district and provincial hospitals.

19



20

According to the World Bank, “of the 35 countries in the
world with the most solar energy potential 17 are in
Sub-Saharan Africa. Central African Republic, Chad, Mali,
Mauritania, Namibia and Niger top the list of countries
in the region with renewable energy potential.”>*
Biomass, thermal, solar, and wind generation and new
energy storage technology solutions are being applied
to energy in lieu of expensive and politically entangled
hydroelectric and nuclear power systems. Housing and
industrial developments are being designed that have
self-sufficient sources of energy to avoid the expense
of expanding the electrical grid. For example, in 2006,

a team of South African scientists unveiled new solar
technology constructed of a thin layer of a unique metal
alloy. New energy storage devices and converters have
been created alongside the cells making it possible for
houses to be completely energy self-sufficient.>®

Some countries and communities have already embarked
on projects to put development into action at the low-
end scale of science and technology development. One
such example is in Rwanda, where the introduction of
energy efficient clay stoves helped to reduce energy
needs of rural households as well as the levels of indoor
pollution.

The Kyoto Protocol’s Clean Development Mechanism
(CDM) enables developing countries to generate revenue
by selling Certified Emission Reductions (carbon credits)
from projects that reduce greenhouse gas emissions.
The CDM concept was designed so that projects would
contribute to poverty reduction and sustainable
development. Companies, such as the insurance firm
Fortis are committed to buy emissions reduction credits
from developing countries. Proceeds from emissions
reduction credits purchases can finance much needed
investments in Africa. In this way new funds are created
to invest in environmental sound projects in agriculture,
industry, power, mining, and waste treatment are being
prioritised. For example, in February 2005 a South African
waste management company entered into an Emission
Reductions Purchase Agreement with the Japanese
Carbon Fund. The transaction is the largest South
African CDM project to date and the first contract of the
Japanese Carbon Fund.®® So far, Africa has only registered
46 CDM projects, while Asia and Latin America the
Americas have registered 2377 and 673 respectively. Given
the low levels of greenhouse gas emissions in Africa, it is
clear that huge opportunities for growth in the carbon
sector exist.”” Under its proposed financial mechanism
on the adaptation to climate change for developing
countries, Japan has selected eleven Africa countries for
priority official development assistance (ODA) projects.

Perhaps the most widespread innovations are taking
place in the area of biotechnology. Though there is
scepticism about whether higher level biotechnology

can meet the growing demand for food®?, considerable
biotech discoveries have been made in the agricultural
food production sector with the potential for commercial
production. Improvements have been made in biofeeding,
diagnostic kits, seed and crop quality innovations, and

trials of several transgenic plants. These advances are
expected to permit African countries to generate more
agricultural products to the point where surpluses are
possible. Africa has made significant advances, especially
with regard to micropropagation of banana, yams,
cassava, soybeans, maize and rice. A good example of
biotech collaboration and partnership to mention is the
consortium of institutions from Africa, Japan and the

US that cooperate to improve the nutritional content of
sorghum. In addition, the Sasakawa Africa Association is
leading the efforts accelerating the adoption of Quality
Protein Maize (QPM) in Africa in partnership with the
CGIAR.# In addition, maintaining and improving Africa’s
biodiversity is an economic investment with the potential
for tourism, biotechnology and new pharmaceutical
applications.

There have also been successful efforts to develop
drought-tolerant grain using conventional breeding
methods in combination with genetic engineering.
With the support of the United Nations Development
Programme and the Japanese government, the African
Rice Centre in Benin discovered a way to cross African
rice with Asian rice in order to increase yields without
loosing important characteristics, such as drought and
insect resistance. The Centre developed the New Rice for
Africa (NERICA) technology adapted to thrive in harsh
growing and low-input conditions.® This initiative has
been successful in several African countries and will be
expanded to Ghana, Rwanda, Tanzania and Uganda.

Furthermore, Japan supports the Millennium Villages
Project. By combining rural development and
infrastructure development this initiative is aimed at
lifting people out of a ‘poverty trap’to a level where
they can engage in productive economic activities.
The ultimate objective of the project is to make the
Millennium Development Goals operational and to
monitor progress. Each of the villages is located in a
specific agro-ecological zone with high concentration
of extreme poverty. This strategy allows for replication
of the model in other regions that have similar agro-
ecological conditions. Results demonstrate that
science has helped to increase yields in rural farming
communities by applying a combination of natural and
commercial fertiliser.

The above examples provide a snapshot of some of the
international collaborations that are taking place and
offer insights into what is possible to achieve the long-
term goal of environmental sustainability.



5. The Way Forward

For Africa to address pressing environmental problems
such as climate change vulnerability, disease, and
unsustainable resource use, while improving the
well-being of its citizens, higher priority has to be
given to scientific research and the development

of environmentally sound technologies. While
advancements in science and technology have brought
about new opportunities for wealth creation and for
innovative development solutions, the benefits from
these technologies have so far been limited. Looking
forward, it is clear that African countries cannot afford
to focus on upgrading their industrial capabilities along
traditional lines of economy first, environment later.
African countries also need to make use of advanced
technologies (e.g. ICT, biotechnology, and Geographic
Information Systems) to provide a range of new
applications in agriculture, health, and environmental
management. Many of these technologies can assist
in providing solutions to basic needs, such as cheaper
diagnostic kits and high-yield seeds, and to improve
productivity both in agriculture and in industry.

Investing in new technologies will require specific
investments in public and private scientific and
technological research infrastructures. This implies

that important policy choices and trade-offs—from

the infrastructure requirements for supporting new
technologies to the ethical considerations relating to
biotechnology—need to be made. As illustrated by the
rapid uptake of mobile phone technology, it is possible to
profitably transfer advanced technologies to poor regions
using the right combination of services and a basic level
of infrastructure. However, in order to scale up such
initiatives to make sure there are pronounced social and
economic benefits, the structural impediments such as
human capital much be overcome through investments in
higher technical education and a supportive institutional
framework must be put in place.”!

This year the G8 summit, to be held in Hokkaido, will
focus on environment and African development. Japan
has pledged to provide technological support for
developing countries in Africa and Asia to help them fight
against climate change and infectious diseases. Under
the plan, to be unveiled in Hokkaido,J apan will help
countries in Africa “cultivate environmental leaders” in
charge of taking measures to protect the environment
from water pollution and global warming.¢* As there
now is a better understanding of the importance of
environmental services for economic development,
African countries should seize the opportunity to move
Japanese technologies to applications in Africa.
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Annex 1:

Category
Objective
Design

Environmental Health

Air pollution

Water resources, water
stress and water quality

Energy / Climate Change

Biodiversity & Habitat

Resource Management:
Forests, Agriculture,
Fisheries

2006 and 2008 EPI objectives and design

2006 EPI
Assesses current environmental conditions

Provides an absolute measure of performance by
assessing countries on a proximity-to-target basis

Estimates environmentally-related impacts on
health through child mortality, indoor air pollution,
urban particulates concentration, access to
drinking water, and adequate sanitation

Measures air quality: Percent of households using
solid fuels, urban particulates and regional ground-
level ozone concentration

Measures both water Resources, stress and quality:
water consumption and nitrogen loading

Links energy to climate change via CO2 emissions
per GDP, percent of renewable energy and energy
efficiency

Focuses on biome and resource protection:
Wilderness protection, ecoregion protection,
timber harvest rate, and water consumption

Proxy for sustainable forest management: Timber
harvest rate; Proxy for sustainable agriculture:
Agricultural subsidies; Proxy for sustainable
fisheries management: Overfishing

2008 EPI
Assesses current environmental conditions

Provides an absolute measure of performance by
assessing countries on a proximity-to-target basis

Estimates environmental burden of disease directly
using WHO developed disability adjusted life

year (DALYs), local groundlevel ozone and urban
particulate concentrations, indoor air pollution,
access to drinking water, adequate sanitation

Measures atmospheric conditions pertaining to both
human and ecological health: Health — Indoor air
pollution, urban particulates, local ozone Ecosystems
— Regional ozone, sulfur dioxide emissions (as proxy
for its ecosystem impacts when deposited)

Measures water stress through water stress index;
assesses water quality through composite; Water
Quality Index, which incorporates dissolved oxygen,
pH, electrical conductivity, total nitrogen and total
phosphorous concentrations

Explicitly assesses contributions to climate change
through Emissions per capita, emissions per
electricity generated, and industrial carbon intensity

Focuses on biome protection, including marine
areas, and species conservation through Effective
conservation, Conservation Risk Index, and critical
habitat protection, indicators

Proxy for sustainable forest management: Change
in growing stock; Proxies for sustainable agriculture:
Agricultural subsidies, Intensive cropland usage,
Pesticide regulations, and Burned land area; Proxy
for sustainable fisheries management: Trawling
intensity, Marine Trophic Index
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