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Foreword

The most striking contrasts in the modern world are the vast differences in technological

development and human well-being—differences most evident in Africa. Poverty and hunger
are widespread. AIDS has cut life expectancy by more than 10 years in some countries. Forests
are being depleted at the rate of an acre a second due to unsustainable tarming practices. And
technological development is woefully deficient. In many cases it is the poor, particularly
women and children, who suffer the most. They live in environmentally fragile areas, depend
on marginal lands, are exposed to health hazards and natural disasters, have very little coping
capacity, and have hardly any asscts to fall back upon in times of crisis.

This Report is about how African societies can reverse these alarming trends. Its main
message is that harnessing new and emerging technologies is critical for development
because—as Nobel prize winner Joseph E. Stiglitz put it—"human development is more
than just the accumulation of capital and the reduction in distortions (inefficiencies) in the
cconomy; it is a transformation of society, from traditional ways of doing things and tradi-
tional modes of thinking.” We have long understood the importance of technology for
human development. This Report provides a fresh perspective focusing on the major chal-
lenges facing Africa as it seeks a rapid transition to sustainable development.

New technology is often assumed to be information technology because it has enor-
mous and still evolving potential to alleviate poverty and speed development. Indeed, infor-
mation and communications technology was the theme of ECA’s first African
Development Forum in 1999. The novelty of this Report is that it focuses on other new
and emerging technologies that can deliver new medicines to fight diseases, reduce hunger
and food insecurity, and reversc the degradation of the environment. These exciting new
technologies range from genetically engineered mosquitoes that have the potential to erad-
icate malaria to vitamin A-enriched rice that can reduce blindness in children.

Many are touting these new technologies as the missing link that can allow poor coun-
trics to catch up to their rich country counterparts. But this Report emphasizes that the
new technologies are not a panacea or silver bullet. Spreading the benefits of technology
will not happen automatically. It will require critical analysis and planning-—by regional
and international organizations and governments along with the private sector and civil
society—to take full advantage of the technological revolution. This Report is presented in
this spirit of continuous inquiry and feedback in framing development thinking. It is
addressed to policymakers, practitioners, and others interested in Africa’s development.

While focusing on new technologies, the Report recognizes that many low-tech, sim-
ple solutions are available for many development challenges. For example, biotechnology
can produce AIDS treatments that prolong life, but people need to be trained in safe sex-
ual habits so that the bencfits are not inadvertently countered. The Report also emphasizes
that new technologies can be of use only if placed in an environment of supportive policies.

Foreword
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The Report recognizes that poor people and poor countries do not have adequate access
to technology that can benefit them. They lack the resources, infrastructure, quality of gov-
ernance, and business environment necessary to attract the foreign investment that can
bring technology to their countries. The Report outlines the key considerations and build-
ing blocks for a technology-infused development strategy. It includes lessons about what
practices and products have been proven to work, about how to scale them up, and about
how to encourage new ideas and initiatives.

The Report makes a compelling case for an integrated framework to catalyze the tran-
sition of African countrics to a sustainable path. It includes several specific recommenda-
tions along four critical dimensions: education, innovation, regulation, and delivery.

The sustainable development indices developed by ECA—and reported for the first
time in this Report—allow for tracking progress of African countries over the last three
decades in the areas of economic transformation, institutional development, and environ-
mental conservation. Apart from assessing performance, these indicators also help in iden-
tifying key factors that determine successes and failures in achieving a higher level of
sustainability. They show what governments can do to encourage investment in productive
assets, how Africa’s environment can be conserved without hindering development, and
what key areas of action can improve institutional structures.

Within the UN family, ECA’s mandate is to advance the socio-economic development
of the continent. This Report is an important contribution to fulfilling that mandate, par-
ticularly in a year that sees the World Summit on Sustainable Development hosted in
Johannesburg, South Africa. It is my hope that the main message of this Report—the need
for a technology-infused development strategy—will be a clarion call to action that can lead
to a better quality of life for all.

K.Y. Amoako
Executive Secretary

August 2002
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The greatest single problem and danger facing the world of the Thivd Millennium. . .is the gap in wealth
and bealth that separates the rich and poor. .. The only other worry that comes close 15 environmental
deterioration, and the two ave intimately connected, indeed are only one.

—David S. Landes, The Wealth and Poverty of Nations

Poverty is multidimensional and widely spread in Africa. Incomes and consumption levels
are low and volatile. The available productive assets, particularly for the poor, are few and
meagre, increasing vulnerability to shocks. Illiteracy, malnutrition, and ill health are preva-
lent, with mortality and morbidity rates high. All these conditions have led to short life
spans. Worsening the situation in recent years are the spread of HIV/AIDS and the resur-
gence of malaria and tuberculosis.

The pervasiveness of low levels of well-being is caused by, and in turn perpetuates m-
ited productive capacity. Undercapitalized, the preduction of goods and services in large
parts of Africa has yet to benefit significantly from modern technological advances. Average
years of schooling are inadequate, while the incidence of illness is high, contributing to low
aggregate and agricultural output per worker. The low agricultural productivity is simulta-
neously a cause and an outcome of the degradation of an already fragile natural environment.

The low and in some cases declining productivity, the deterioration in the natural
resource base, and the rapid population growth mean that development is unsustainable in
most African countries. Corroborating this is the index of overall sustainability developed
by the Economic Commission for Africa. The index jointly measures the economic, envi-
ronmental, and institutional sustainability of African countries. Combining 27 key eco-
nomic, environmental, and institutional indicators, it tracks the performance of 38 African
countries in 1975-2000. The scores reveal that the number of countries with low sustain-
ability increased (from 16 in 1975-84 to 19 in 1995-2000), while the number of those with
high sustainability remained the same (only 3). More telling, within the group of 38 coun-
tries the fraction of the population living in the countries with low sustainability rose from
one-third in 1975-84 to half in 1995-2000.

So, the continent urgently needs a rapid, sustained, and broad-based economic transfor-
mation that is equitable within and across generations—in short, it needs development that
is sustainable. The key to achieving the transition to sustainability is realizing and enhancing




the capabilities of individuals and their communities. People who are ill, poorly fed, and liv-
ing in a fragile environment can neither function effectively nor improve their capabilities.
Moreover, in part because of rapid population growth, the severity of ill health, food insecu-
rity, and environmental stress is likely to increase in the coming decades. Africa must there-
fore explore new and radical solutions to these problems.

The development challenge facing Africa is enormous, but it can be overcome. The
development of Western Europe and the United States and, more recently, that of East
Asian economies (including Japan, the Republic of Korea, and Taiwan, Province of China)
corroborates this. Given the right circumstances, advances in and diffusion of technology
can pull Africa out of its current state of low development. African countries can emulate
the processes and policies that have promoted transitions to sustainability in other regions.
Indeed, these processes and policies are better understood today than ever before. In Africa
the achievements in Mauritius, for example, and the recent trends in policy reforms and
ecanomic growth in large parts of the continent signal the possibilities.

This report maintains that combating ill health (particularly that caused by
HIV/AIDS, malaria, and tuberculosis), tackling food insecurity, and reducing environ-
mental stress should be prominent objectives of the endeavour to reduce poverty and achieve
sustainable development in Africa. It identifies the epidemiological and agricultural pro-
ductivity transitions as the current priorities in the continent’s striving towards sustainabil-
ity. Recognizing that modern technology is indispensable to such transitions, the report
then focuses on how the “new” technologies—particularly medical and agricultural biotech-
nology—can contribute.

Sustainability—on the decline

Overall sustainability has been worsening in Africa over the past three decades. This is con-
firmed by the Economic Commission for Africa’s index of overall sustainability, combining
economic, environmental, and institutional dimensions. Cluster analysis was used to classify
countries into three relatively homogeneous groups characterized as having high, moderate,
and low sustainability. Only three countries, accounting for about 6.5% of the continent’s
population, recorded relatively high overall sustainability throughout the period (table 1).

In the decade after 1975-84 fewer countries achieved moderate overall sustainability,
with more falling into the cluster for low overall sustainability. The main explanation is that
the significant progress in health and education in 1985-94 was more than offset by a wors-
ening institutional and environmental situation. In that period institutional constraints on
chief executives weakened considerably in several African countries—the Democratic
Republic of Congo, Ethiopia, Nigeria, and South Africa—while they remained the same
in Egypt, Kenya, and Tanzania. In addition, both population density and carbon dioxide
emissions increased substantially in several large countries, including Algeria, Egypt,
Ethiopia, Morocco, Nigeria, and South Africa.

In the most recent period, 1995-2000, the number of countries with low overall sus-
tainability remained about the same as in the previous one, but the share of the population

2 ] Haressing Technclogies for Sustainable Development




Table 1
Overall sustainability ciusters for 38 countries, 1975-2000

High Moderate Low
Population Population Population
Number of share Number of share Number of share
Period countries (percent] countries {percent} countries {percent)

1975-84 3 7.0 19 58.9 16 341

SRR PRI SRR RRARERAR SR R A S
19895-2000 3 6.4 16 39.5 19 54.0

Source: Calcuiations by Economic Commission for Africa.

living in such countries rose—an outcome largely explained by the deterioration of economic,
institutional, and environmental management in Nigeria during most of 1995-2000. In
many other African countries a recovery, though still tentative, has begun. In particular, out-
put per worker and capital per worker rose in Egypt, Ethiopia, Morocco, Tanzania, and
Uganda, and civil and political rights improved significantly in many countries.

When the 38 African countries are ranked by their average overall sustainability score
for all of 1975-2000, Mauritius, South Africa, Botswana, Zimbabwe, and Tunisia emerge
as the top five (figure 1). At the bottom are Burundi, the Democratic Republic of Congo,
Guinea, Chad, and Burkina Faso.

There is little surprise in the make-up of the top five. South Africa, with its large and
mainly industrialized economy, is quite distinct from other African economies. Indeed, it
tops the economic sustainability rankings. But Mauritius and Botswana were the star per-
formers in economic growth for the last three decades. Socio-political stability was also
quite good in these countries, with Mauritius and Botswana ranking as the top two in 1nsti-
tutional sustainability. Similarly, Tunisia and, until recently, Zimbabwe made reasonable
progress in the cconomic and institutional dimensions.

That Zimbabwe ranks among the top five may be puzzling in light of its recent per-
formance. The reason for this cutcome is that unfil recently the country had been doing
rather well, particularly in economic and institutional terms. Thus while Zimbabwe ranks
only 12th in overall sustainability and 23rd in institutional sustainability in 1995-2000, it
ranks 4th and 6th on these measures in 1985-94.

A blemish on the sustainability record of the top five is their performance in environ-
mental sustainability. Mauritius, Tunisia, and Zimbabwe rank among the bottom five
countries in environmental sustainability, and Botswana 30th among the 38 countries. Only
South Africa, ranked 19th, does better in this dimension of sustainability. For these top
performers, environmental concerns increasingly are becoming binding constraints on fur-
ther improvement in the overall well-being of their populations. One lesson from this expe-
rience is that countries can do well for a while without giving due consideration to
environmenta! factors, but this may not last long.
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health services, undermining the productive capacity of a country, furthering social distress,
and perpetuating poverty.

Asadirect result of HIV/AIDS, the growth of gross domestic product (GDP) in Africa
is expected to fall by 0.5-2.6% a year on average (Greener 2002). If malaria had been elim-
inated vears ago, Africa’s GDP would be as much as $100 billion greater (Medilinks 2001).
And in countries with a high burden of tuberculosis, annual productivity losses due to the
disease amount to an estimated 4-7% of GDP (Stop TB Initiative 2002).

The combined socio-economic burden of these diseases has led Sub-Saharan countries
towards major crises that threaten to reverse decades of development gains and undermine
national security. The damage from these diseases clearly calls for accelerating the epi-
demiological transition in Africa. Indeed, that is the most important development chal-
lenge for many African countries. Meeting it requires a prudent exploitation of techniques
and products developed by recent advances in medical biotechnology.

The agricultural productivity transition

A person whe has food bas many problems. A person whe bas no  faod has only one problem,
—Chinese proverb

The agricultural productivity transition involves increasing agricultural production by
raising output per unit of land through advances in knowledge and technology rather than
by expanding the area cultivated. Historical evidence clearly shows that for most countries
this transition is essential for securing access to enough food for a healthy lifc for all peo-
ple and at all times.

Agricultural productivity is low in Africa, particularly in Sub-Saharan Africa. In the
late 1990s cereal yields in Sub-Saharan Africa were about 40% of the world average—hav-
ing fallen by 0.7% a year between 1985 and 1995—and milk yiclds about 16% of the aver-
age. Other crops and agricultural products showed similar gaps in yield. With about 70%
of all Africans earning their livelihood from agriculture, low and in some cascs falling agri-
cultural productivity means serious poverty and food insecurity. Exacerbating the situation
are rapid population growth and urbanization.

About a third of Africa’s population is undernourished, while a similar share of its chil-
dren are underweight. Of those who survive their childhood, many will suffer from impaired
immune systems, poor cognitive development, and lower productivity throughout their lives.
As adults, their ability to ensure good nutrition for their children will be compromised, per-
petuating the vicious cycle. Indeed, it is only in South Asta and Sub-Saharan Africa that the
number of malnourished people is projected to increase in the current decade.

The growing demands for food and nutrition are not being met in a sustainable man-
ner. Farmers have tried to overcome declining yields by expanding croplands and grazing
areas, an environmentally unsustainable option. Given limits on crop area expansion and
increased demands on land already in production, physical and chemical soil degradation
becomes a greater concern. Africa’s tropical forests are fragile, quickly losing productive
potential when under stress. Roughly 5 million hectares of forest are lost annually, most to

6 | Harnessing Technologies for Sustainable Davelopment
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crop area expansion (Paarlberg 2001). This is not a sustainable solution for the continent’s
agricultural production problems.

Low agricuirural productivity, rapid population growth and urbanization, diminishing
reserves of unused arable land, extensive and increasing degradation of land (both soil and
vegeration), and large deficiencies in food and nutrition—all these call for an accelerated
agricultural productivity transition in Africa. They also imply that such a transition is
unlikely without substantial changes in the technology of agricultural production. Thus the
next phase of yield increases in African agriculture cannot ignore new techniques and prod-
ucts oftered by biotechnology.

The new technologies

Modern technologics are indispensable in achieving the epidemiological and agricultural
productivity transitions. They bring tremendous hope to those who live in fragile environ-
ments, depend on margiral lands, are exposed to health hazards and natural disasters, and
have little coping capacity and almost no assets to fall back on in a crisis. But the new tech-
nologies are no panacea. They involve potential risks. And their bencfits will not spread
automatically to the poor and vulnerable. Minimizing the risks and realizing the full ben-
efits of the technological revolution will require critical analysis and careful planning.

Medical (red) biotechnology

Modern biotechnology and genctics are expanding opportunities for developing new drugs
and improving the efficacy of cxisting drugs and treatment. Genomics and its applications
{genetic engincering) to health care—*“red” biotechnology, in contrast to “green” biotech-
nology in agriculture and the environment—is creating a wide range of powerful new tools
that are changing how common diseases are diagnased, managed, and treated. These include
gene therapy, [DNA-based vaccines, and novel vaccine delivery systems. These new tech-
nologies are capable of enabling African countries to stemn the devastation caused by the three
leading causes of death—HIV/AIDS related infections, malaria, and tuberculosis.

New applications of biotechnology to diagnostic tests are speeding and simplifying the
identification of diseases, while advances in pharmacogenics arc providing greater under-
standing of how the body responds to drugs, making it possible to develop more accurate
and cffective medication. Gene therapy holds promise for directly correcting genetic dis-
orders, providing a cure rather than simply a treatment of symptoms of these disorders. And
new genetic engineering techniques are revolutionizing vaccination.

Modern biotechnology is creating the possibility of soon developing vaccines capable
of tackling a wider range of discases, including sexually transmitted diseases, and with
greater cfficiency. Equally important are technological improvements to the delivery of
existing vaccines. New forms of vaccines are being designed to overcome problems of
access—scheduling, storage, stability, and cost. These new forms could avoid such require-
ments as the cold chain that is needed to keep vaccine doses at the correct temperature,
which restricts the distribution of the oral polio vaccine.

Overvievil 7



Four new concepts for delivering vaccines are under development (CV11999; Fell 1998):

*  Naked DNA vaccines, created by genetic coding for key antigenic components of viruses
or bacteria.

«  Trojan horses, produced by introducing genes into organisms that enable them to carry
a vaccine into the body.

+  Edible vaccines, developed by engineering seeds that produce plants capable of form-
ing vaccines in their fruit or leaves and thus of acting as vaccines themselves.

*  Sugar glass vaccines, kept in crystalline form so that they are easy to transport and store
and can be “revived” with just a few drops of water.

With these innovative vaccine technologies, prospects for controlling and eradicating
infectious diseases in the coming century are greater than ever.

Indeed, these and other advances in biotechnology offer hope that the three leading
causes of death in Africa can be brought under control. A decade ago an HIV diagnosis
was akin to a death sentence. Today the means exist to fight HIV/AIDS. Antiretroviral
therapy is prolonging life and restoring health for HIV-infected individuals. Several HIV
vaccines are showing positive results in advanced stages of clinical trials, including some
directed towards the HIV strains prevalent in Africa. A malaria vaccine too may soon be
developed, and research to transform the malaria-transmitting mosquito into a harmless
insect has reached advanced stages. Beyond these, many other new discoveries in medical
biotechnology fuel expectations of finding cures for many of the diseases directly implicated
in Africa’s poor economic performance. In short, these medical technologies have the
potential to reverse the damage by HIV/ATDS, malaria, tuberculosis, and other diseases
and put the continent back on the path of the epidemiological transition to sustainability.

Ethical issues in medical technology. Ethical concerns surrounding gene manipula-
tion are so important that many countries, industrial and developing, have set up bioethics
committees to determine general principles of research and application and monitor com-
pliance with them.

The concerns are many. The potential impacts of human gene manipulation on
research strategy and the enormous power conferred on the scientific community raise ques-
tions about rights to information and civil society participation. Major ethical questions
also arise about equity and what is considered the common heritage of mankind. In par-
ticular, questions are raised about whether the ownership and economic benefits of gene
discoveries can be privatized. These questions point to contradictions between the recog-
nized right of intellectual property protection and the recognized universal ownership of
genetic material, based on the principle that the DNA structure of human beings is the her-
itage of all and should be registered as the property of all.

Disequilibrium in research priorities. Worldwide, there is a huge disequilibrium
between research devoted to the diseases of the poor and that focusing on the diseases of the
rich: less than 10% of global spending on health research is directed to the health problems
accounting for 90% of the world’s disease burden—the 10/90 disequilibrium {Global Forum
for Health Research 1999). As measured by disability-adjusted life years (DALYs), the global
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burden of communicable diseases, concentrated in low- and middle-income countries, is 13
times the glebal burden of non-communicable diseases, the main health concern of the devel-
oped world. Yet non-communicable diseases receive by far the most research attention, while
communicable diseases are neglected. For example, malaria accounted for 2.7% of the global
disease burden in 2000, with 90% of cases in Africa, but it accounts for only 0.17% of the $60
billion spent globally on biomedical research each year (CMH 2001; Global Forum for Health
Research 2002).

This inequality in research is also reflected in medical products. Of the 1,233 drugs
that reached the market between 1975 and 1997, only 13 were for tropical diseases (Global
Forum for Health Research 2002).

Inaccessibility of new drugs. Two main factors are preventing Africa from benefiting
fully from the new scientific and technological advances in medicine. First, African coun-
tries, with annual per capita health spending as low as $10, have difficulty purchasing vac-
cines and drugs. Thus even though the prices of antiretroviral drugs have dropped
substantially, many African countries still cannot afford them. As a result fewer than 1% of
Africans infected with HIV/AIDS have access to antiretroviral therapy today (UNICEF
and others 2001).

Complicating the problem of the high cost of drugs are the generally weak health sys-
tems in Africa. The treatment and care of HEV/AIDS and tuberculosis patients require highly
trained doctors and nurses to ensure strict compliance with the complicated drug regimens.
But health systems in Africa are often poorly equipped to serve as effective conduits for care.

About 95% of Africans infected with HIV/AIDS have no access even to basic health care.

Agricultural (green) biotechnology

The biotechnology or gene revolution is the third green revolution. It offers possibilities for
further amplifying the gains from the first two through technologies involving reproduc-
tive biology and the manipulation of the genetic material of living organisms. These tech-
nologies cover a wide range, including molecular DNA markers, gene transfer, and
vegetative reproduction.

Agricultural biotechnology is likely to have a significant impact in several ways:

*  Improving the ability to diagnose plant and animal pathogens.

*  Quickening the pace of research through new biotechnological techniques.

*  Expanding the spectrum of potential products and traits through genetic engineering
of plants and animals.

*  Transferring genes from wild relatives of a crop as well as from unrelated crops.

*  Improving the nutrient content of foods and thus addressing the serious nutritional
problems of the poor.

Overview
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Of particular importance to Africa are the recent advances in biotechnology that prom-
ise to produce crop varicties with higher yields, greater resistance to pests and disease, and
better nutritional, health, and environmental attributes. The distinetive promise of the gene
revolution for Africa is that it can provide a better way to extend productive potential to
poor farm communities, pre-packaged in genetically engineered seeds rather than delivered
haphazardly in many separate purchased inputs.

The gene revolution also offers the potential for reducing yield variability through
improved pest and disease resistance. And it holds out possibilities of higher production on
previously unusable lands through crops that can tolerate drought, salinity, and aluminum.
Under the right circumstances, modern biotechnology could speed Africa’s agricultural pro-
ductivity transition to sustainability—and expedite reductions in poverty and food insecurity.

Exacerbate income inequality? Whether the potential benefits of genetically modi-
fied crops accrue to small farmers is a question of the type of technology and the degree of
inequality in a country. Where land tenure reforms are implemented, there is support for
small farmers, and other elements of a development-friendly environment are in place, a
new technology can benefit all farmers. But where, say, 70% of the land belongs to 5% of .
the population and agricultural extension and credit services are available only to big
landowners, a new technology will widen the income gap between large and small farmers. -
Thus the social and economic impact of genetic engineering and biotechnology can only
be as good as the socio-political soil in which the resulting new varieties are planted.

Some types of biotechnology could deepen poverty in Africa. For example, commer-
cialization of the terminator gene technology, designed to prevent seed reproduction and
thus ensure repeated seed purchases, would harm the millions of small farmers who depend
on replanting farm-saved seeds. These farmers simply do not have the money to buy new
seeds each year. Critics argue that this technology removes one of the foundations of rural
agriculture—forcing small farmers into colonial dependence on rapacious multinationals—
and raise concerns about the spread of this trait to other plants. Proponents maintain that
itis only a concept and that it is not being developed. But it is believed that terminator gene
technology is now on the fast track to commercialization (RAFI 2000), though no prod-
ucts are planned for Africa.

Damage human and animal health? There is still no conclusive evidence to show that
any of the transgenes found in genetically modified foods are harmful to humans. But one
frequent concern is that if foreign genes were present in such foods at excessive levels, they
could build up in the consumer’s body, increasing the resistance of diseases to several types
of antibiotics {Malcolm 1999).

Another potential risk is that people with allergies could suffer reactions after unwit-
tingly consuming genetically modified foods containing allergenic proteins introduced
from external sources (Altieri 2000). For example, someone who is allergic to peanuts might
suffer a reaction after consuming genetically modified soybeans modified by the insertion
of the peanut genc that produces the allergic reaction. .
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In fact, all the proteins that have been placed into foods through the use of biotech-
nology and are currently on the market are non-toxic; are sensitive to heat, acid, and enzy-
matic digestion (and thus rapidly digestible); and have no structural similarities to proteins
known to cause allergies. Similarly, current evidence does not support the argument that
inserting a new gene can alter the metabolism of plants and animals to produce allergens

and toxins (Thompson 2000).

Some of these concerns have also been raised for animal health—concerns much pub-
licized in the North, particularly in Europe. Livestock and poultry consume large amounts
of genetically modified corn and soybeans, and some livestock producers have raised the
prospect of antibiotic resistance. If genetically modified organisms lead to a buildup of
antibiotic resistance, commonly used antibiotics might become ineffective, increasing the
cost of maintaining animal health. Concerns have also been expressed about the risk that
antibiotic resistance could be passed on to people who consume livestock products. No evi-
dence has emerged to show that consumption of genetically modified feeds has affected
animal health. But because such feeds have not been around long enough to carry out effec-
tive trials, it would be premature to conclude that the issue has been definitively resolved
(Abelson and Hines 1999).

Degrade the environment? Probably the most controversial issues surrounding agri-
cultural biotechnology relate to the long-term impact on the environment. The key issues:

+  Whether genetically modified crops lead to genetic uniformity and, as a result, vul-
nerability to new matching strains of pathogens.

+  Whether herbicide-resistant crops reduce agro-biodiversity.

+  Whether cultivation of herbicide-resistant plants will result in super weeds by increas-
ing the cxchange of genetic information between crops and its spread to weedy
relatives nearby.

*  Whether Bacillus thuringiensis (Bt) crop hybrids destroy non-target insects, as Bt corn
was thought to do to monarch butterflies (Losey, Rayor, and Carter 1999).

Only extensive, well-designed, and well-monitored field tests will provide conclusive
answers to these questions. But the evidence so far is that the risk of environmental degra-
dation is minimal (McGloughlin 1999). In the past 15 years researchers in the United States
have conducted more than 4,000 field tests at 18,000 sites for efficacy, performance, and
suitability for release into the environment (USDA/ERS 1999a). These and thousands of
similar ficld tests in other countries have produced no conclusive evidence of danger to

the environment.

Nor has biotechnology increased the vulnerability of germ plasm to homogeneous
strains of pathogens or led to genetic erosion. For example, more than 1,000 Roundup
Ready varieties of soybean are cultivated in the United States alone (USDA/ERS 1999,
b). But more impact assessment studies are nceded to expand the empirical evidence, answer
unanswered questions, and put the risks and benefits of genetically modified crops and
foods into better perspective.
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Reduce Africa’s comparative advantage in tropical crops? With biotechnology, it
will become possible to produce, in the laboratory or in temperate zones, crops that have
been grown exclusively in the tropics. This prospect gives rise to concerns that the result-
ing competitive edge could drive many tropical products off the marker. The common
example is laboratory production of vanilla aroma, which could threaten the livelihoods of
tens of thousands of small farmers in Madagascar, Uganda, and other African countries.

In cocoa production, genetically modified cacao seed varieties could raise yields and
lower prices, dislodging smallholder production through plantation-scale farming in the
newly industrialized economies of Asia. A similar outcome could occur for vegetable oils.
And such countries as Mauritius, which depends on sugarcane for a large share of its export
earnings, could find themselves hard-pressed if industrially manufactured low-calorie
sweeteners supplant sugarcane.

The challenges—educate, innovate,
regulate, deliver

Realizing the expected benefits of both medical and agricultural biotechnology in Africa is
challenging in three respects.

First, some of the new technologies may not be readily applicable in Africa. This partly
reflects the need for systematic provision of information and training to generate sufficient
knowledge about the use of specific technologies. And it partly reflects the high cost of
developing technologies and adapting them to a specific location. Effective exploitation of
new technologies demands considerable investments in physical and human capital as well
as institutions,

Second, biotechnology is not without potential risks, relating mainly to biosafety (risks
to human health and safety and to the environment). Regulatory diligence is required,
although available evidence suggests that such risks are minimal.

Third, the potential of biotechnology can be realized only if its innovations reach the
ultimate beneficiaries. Delivering these innovations to poor and vulnerable individuals and
communities (farmers, people suffering from HIV/AIDS, communities at high risk of
malaria and tuberculosis infection) is thus as important as generating them.

In short, the successful use of new technologies depends on efforts to educate, inno-
vate, regulate, and deliver—a course of action with mutually reinforcing components that
should be embedded in the broad development strategy of each country.

Educate

Individuals—farmers, consumers, policy-makers, and scientists—are the agents and the
beneficiaries of technological innovations. So, enhancing the capacity of these stakehold-
ers to generate and adopt the new technologies is essential. There are two key parts to this:
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systematic provision of information, and expanded training and education (formal and
informal as well as general and specialized).

First, knowledge has to be systematically generated and dissemninated about the tech-
nologies and about their appropriateness to African communities where they are going to be
used. Information necds to be provided to all stakcholders about the benefits and risks of the
technological innovations. Iqually important, knowledge should be furnished about the
needs, endowments, and constraints of target communitics, particularly to policy-makers and
research and development specialists. Such systematic generation and provision of knowledge
is particularly essential for the new innovations in medical and agricultural biotechnology,
given the impassioned debates about the biosafety, food safety, and other risks.

Information contributes to the successful adoption of these technologies in a number
of ways. It helps potential users (such as poor farmers, consumers, and patients) and pol-
icy-makers to set priorities for research and development, particulasly for the choice of crops
and desirable traits, disease targets and treatments, and product delivery systems. It also
helps researchers and product developers tailor their efforts to the needs of their target pop-
ulation (poor farmers, for example) in a way that reflects local endowments and constraints.
The benefits from effective participation of stakeholders and context-specific innovations
cannot be overemphasized.

Second, the stock of human capital in Africa needs to be further expanded and deep-
ened. Human capital makes two critical contributions. It is a major determinant of the con-
tinent’s capacity to absorb the knowledge associated with new technologies. And it is an
essential input into the creation of new knowledge and technologies appropriate to the
region. So, general education nceds to be expanded to boost the analytical and adaptive
capacity essential to the adoption of technologies. Advanced or specialized training is also
indispensable, to build the expertise required for developing, regulating, and delivering
biotechnology products. Education investments and curricula should reflect these demands.

Innovate

Research and development efforts in medical and agricultural biotechnology have been con-
centrated in industrial countries, with most conducted or funded by private companies moti-
vated primarily by profits. As a result most biotechnology products are intended for use in
industrial countries and controlled by a few multinational corporations. The evolving system
of intellectual property rights complicates the situation by extending protection to certain
types of innovations (such as the wsolation of a gene, protected by a patent) while ignoring
others, particularly indigenous knowledge and biodiversity. These circumstances call for tech-
nological and institutional innovations if Africa is to reap the benefits of biotechnology.

Querview
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African countries need to direct their research and development efforts towards filling
the gaps created by biases in multinational-led research and development, making advances
in biotechnology relevant to African countries and their poor citizens. One urgent concern
is HIV research and vaccine development focused on the strains of the virus prevalent in
Africa. Much attention should also go to research on staple foods in African settings, local
resource-intensive technologies, and crop and animal traits relevant to poor farmers.

It is important that the research and development efforts in Africa strike the right bal-
ance between fundamental research and product development. The capacity for funda-
mental research needs to be built gradually. Tnitially, however, resource constraints suggest
that African countries are likely to benefit more from innovative adoptions of fundamen-
tal research technologies developed elsewhere. An important avenue is to combine discoy—
eries in biotechnology with more conventional techniques and indigenous knowledge. For
example, genes corresponding to desirable traits could be inserted into local varietics to fur-
ther enrich them while preserving their good qualities. Appropriately exploited, such inno-
vations could boost the productivity of poor farmers at reasonable cost.

Institutional innovations are also necessary. High transaction costs, considerable ini-
tial and fixed costs, imperfect information, and enforcement problems mean that thin mar-
kets and market failures are common in most African countries. Policy failures were also
common until recently. To realize the potential benefits of biotechnology, these countries
therefore need to initiate innovative institutional changes:

* Ensure that biotechnology policies are African-owned. The future of biotechnology lies in
public awareness and acceptance: good technology alone is not enough. Diverse stake-
holders should be involved in the formulation of national biotechnology policies,
strategies, and plans. Continuous networking and monitoring by civil society groups
are fundamental. And the participation of African research centres in the production
process is vital to ensure that the final outputs are appropriate for Africa.

* Develop intellectual property rights regimes. Legislation should be enacted as needed to
establish intellectual property regimes compatible with international agreements and
national circumstances. This would encourage the expansion of private sector research
and development capacity and ensure the protection of indigenous knowledge and local
biodiversity while also benefiting users,

* Expand public sector biotechnology research. Market failures and institutional weaknesses
mean that the public sector will continue to play the main role in research and devel-
opment in Africa for the foreseeable future. So, it is critical to formulate a public sce-
tor strategy for biotechnology research, setting priorities and identifying areas and
mechanisms for partnerships. Public investment in biotechnology research needs to be
expanded and redirected accordingly.

* Build innovative partnerships. Public-private partnerships need to be developed, build-
ing on complementarities. Regional and international partnerships should be strength-
encd, and new ones formed. In agriculture, it is essential to build collaboration and
support among national agricultural research systems in Africa and between these sYys-
tems and public and private research establishments in industrial countrics. In medi-
cine, partnerships among pharmaceutical companies, governments, and international
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Box 1
Best practice in research and development cooperation—for an HIV-1A vaccine

The clinical trial in Kenya to test a vaccine candidate for HIV-1A, one of tha most common strains
of the virus in East Africa, is an encouraging example of how research and development part-
nerships can work:

* Funding. The international AIDS Vaccine Initiative (JAVI) is funding the trial.

* Collaboration. The research is part of the larger initiative to develop a simple, effective, and
affordable HIV vaccine, the basis of the unparalleled partnership among IAV], the University of
Oxford, and the University of Nairobi in Kenya.

* Research approach. The research approach was inspired by the seemingly natural immunity
to the HIV virus witnessed in prostitutes in Nairobi slums. Researchers have designed & vac-
cine to simulate the natural immune response of these women.

Source: IAVT 2002.

organizations have proved vital in speeding the production and distribution of drugs and
vaccines. Cooperative arrangements—such as the Consultative Group on International
Agricultural Research and the International ATDS Vaccine Initiative—could play a key role
in facilitating such collaboration and support (box 1). Also useful would be to explore the
potential benefits and feasibility of regional or subregional common research areas,
designed along the lines of common markets. These could facilitate technology transfer,
help coordinate research and development priorities, secure and disburse funding, and
organize the monitoring and evaluation of research and development through trials, peer
review, and journals. A European Research Area is being established 1n the European
Union to reduce the fragmentation of research activities and to improve efficiency in the
use of financial and intellectual resources. The logic of establishing such areas in Africa is

much more compelling.

Regulate

Government regulation of the diffusion of biotechnology is necessary for two reasons. It is
required to safeguard against the risks associated with some innovations in biotechnology,
including threats to biosafety and consumer safety. And it is required to enforce intellec-
tual property rights.

In designing regulatory procedures, African governments should set coherent guide-
lines outlining where the responsibility for the introduction of new biotechnology products
begins and ends. And they should ensure that risk assessment has a built-in system of checks
and balances to safeguard the independence of test results—so that the potential risk of new
products is not assessed by those wanting to release the products on the market. In some
cases it may be advantapeous to build regional regulatory arrangements that address com-
mon regulatory problems, leveraging scarce institutional and human resources through

economies of scale,

Although the need for regulation applies generally, the extent and forms of regulation
are likely to vary across countries. A key consideration is the institutional capacity and stock
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of human capital at a country’s disposal. A country with limited resources for regulation may
prefer to promote less risky biotechnology products, though the rewards may be smaller. In
determining what forms of regulation to adopt, each African country needs to weigh the
urgency of achieving its development goals and its capacity to regulate against the potential
risks of biotechnology.

Deliver

The successful application of emerging technoelogies requires building effective delivery sys-
tems and creating and strengthening the complementary infrastructure. The aim should be
low-cost delivery not onby of biotechnology products (such as improved seeds, drugs, and vac-
cines) but also of complementary inputs {such as pesticides, fertilizers, irrigation water,
improved management practices, and relevant and up-to-date information and advice). There
are three prioritics.

First, innovations in biotechnology must be made affordable to potential adopters and
users. The research and development costs of biotechnology products are considerable, and
the prohibitively high prices of those now available partly reflects that. As a result many of
these products are beyond the reach of those who need them most—such as poor farmers and
HIV/AIDS patients. Well-designed government support schemes are needed to increase
access for these groups. Current arrangements involving drug companies, international agen-
cies, and individual countries should be strengthened to further extend access. And similar
arrangements should be initiated to promote access to agricultural biotechnology.

One proposal that warrants international dialogue invelves establishing an innovation
purchase fund that would buy patents for innovations from private innovators (Kremer 2000).
These innovations would be put into the public domatin, thus ensuring adequate diffusion.
The fund could be designed to be pro-poor, to have priorities specific to regions or country
groups, to cover biotechnological and other relevant innovations, and to promote innovations
other than those already patented.

Second, potential adopters and users of biotechnology products must have the incentives
to adopt them. This is particularly important for agricultural biotechnology products. Such
incentives, reflecting returns from adoption or use, are determined largely by market and insti-
tutional structures and physical infrastructure. So, investments aimed at developing incen-
tives are essential. These might include an effective agricultural extension service and a
well-equipped health infrastructure—or efficient transport, communications, and electricity
networks to facilitate the delivery of the biotechnology products as well as access to factor and
product markets, Efficient credit schemes for the poor (including micro-finance) are also crit-
ical. Equally important are investments to build mstitutions that ensure the rule of law and
improve contract enforcement. All these invesuments are essential to provide potential
adopters and users the opportunity to realize the potential benefits of innovations and thus
the incentive to adopt them. They would also encourage the private sector to provide goods
and services to poorer areas.
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Third, because the resource requirements of building effective delivery systems are sub-
stantial, cooperation between the public and private sectors is essential, and generous assis-
tance from Africa’s development partners indispensable.

The need for collective action

An important message emerging from the report is the need for regional approaches and
strategic partnerships to complement national measures. The report shows that achieving
sustainable development will require the production of regional and global public goods—
services or resources whose benefits are shared among the countries 1n a region or more
broadly.! Regional approaches can effectively deliver regional public goods. Strategic inter-
national partnerships can help deliver global public goods.

Regional and global public goods include the knowledge, the regimes, and the stan-
dards and rules required to address cross-border problems such as infectious disease con-
trol and use of genetically modified crops; the institutions that monitor and enforce the
rules and regimes; and the benefits that arise and are shared indiscriminately among coun-
tries. To ensure the provision of these goods in sufficient quantity, international collective
action will be critical, because no individual country has an incentive to pay for such things
as the prevention of contagious discases, the preservation of biodiversity, or research to
develop new crops, vaccines, or drugs to treat tropical diseases.

Regional and global public goods arise when individual countries take actions leading
to beneficial cross-border spillovers. One example is a public health policy that improves
domestic health while reducing the transmission of pathogens and disease across borders.
The production of regional public goods typically requires cross-border collective action
engaging all or most members of the spillover group.

Many of the failures to tackle the underprovision of regional public goods result from
a lack of collective action, high coordination costs, or lack of trust and political will.
Regional approaches can stiffen the political will and avoid costly policy reversals. They can
also minimize the transaction costs of sharing information. Cooperation among neigh-
bouring countries is often simpler because the countries know one another better and find

it easier to share information.

Optimal provision of regional and global public goods demands an open, consultative
process of bargaining, to ensure that all countries and regions receive the benefits. A regional
approach can be an efficient means of coordinating action, setting priorities, reviewing
progress, mobilizing resources, allocating funds, and monitoring contribution levels.

The provision of regional public goods will require new and innovative financing at the
regional level. Development assistance remains anchored in country-based projects and
programmes. Greater flexibility will be needed to finance regional programmes for providing

regional public goods,

Overview

17



Around $16 billion is allocated annually to international resource transfers for global
public goods in health, environment, and knowledge creation. Roughly $11 billion of this
goes to support national infrastructure for public goods provision—such as basic health care
systems and environmental management—Ileaving only a small share for regional and global
public goods. Thus much more needs to be done at the regional level. Regional agencies,
in collaboration with other development partners, can play an important role in the provi-
sion of regional public goods through their ability to convene and their capacity to gener-
ate and transfer knowledge.

Modern medical and agricultural biotechnology can contribute much to increased food
security and better health in African countries by speeding the agricultural productivity and
epidemiological transitions in these countries. For that to happen, it is critical that biotech-
nology be viewed as one part of a comprehensive, sustainable poverty reduction strategy,
not as a technological “quick fix” for Africa’s hunger and poverty problems. It is also essen-
tial that the necessary innovations and investments be made in institutions. And particu-
larly critical is building national and regional consensus to invest in the future. Indeed, the
greatest risk for Africa is to do nothing, allowing the biotechnology revelution to pass it by.

Note

1. International public goods fall inte two categories, regional and global public goods,
with the difference being the more limited geographic reach of regicnal public goods. The
benefits of pure regional public goods are “non-rival” (one country’s consumption does not
subtract from the amount available to other countries) and “non-excludable” (no country
in the region can be excluded from benefiting, except at prohibitive cost). In reality, most
regional public goods are significantly, but not wholly, non-rival and non-excludable.
Rather than being “pure,” they are “mixed,” meaning that they bestow a combination of
national and transnational benefits.
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Sustaining Natural Assets and
Reducing Human Vulnerability

The poor ravely speak of income, but focus tnstead on managing assets—physical, human, social
and environmental—as a way fo cope with their vulnerability.

The poor live at the whim and mercy of nature.

—Narayan and others 2000

Some key facts

* Poverty in Africa is exacerbated by precarious livelihoods and deteriorating agro-
climatic conditions, with the rural poor suffering the most.

* Africa’s population, growing by 2.5% a year, will exceed 1.2 billion people by 2025—
with disastrous consequences.

*+ Africa has a much higher disease burden than any other region, with 30% of
the burden due to environment-related diseases such as malaria, diarrhea, and
respiratory infections.

* Land degradation is a major source of household food insecurity, income risk,
and vulnerability.

* More than half of Africa’s soils are acidic and low in nutrients.

* Though Africa generates only 2-3% of the world's carbon dioxide emissions from
industrial and energy sources, it is highly susceptible to the effects of climate change:
droughts, cyclones, floods, and bushfires.

* Africa has a large, diverse stock of biodiversity, including more than 1,000 mammal
species, 1,500 bird species, and 50,000 plant species. The continent contains 5 of the
world’s 25 biodiversity hotspots—including the Guinean hotspot, the world’s most
diverse in terms of mamimal species. East Aftica, meanwhile, contains 63% of Africa’s
endemic bird species, 55% of mammals, 43% of reptiles, and 40% of amphibians.

* Nearly 80% of Africa’s logging activities and 17% of agriculture clearing occur in
frontier forests.

+ Significant climate changes over the next 50~100 years will likely make it impossible
for many wild organisms to survive in their natural ranges.

Households and societics manage a diverse portfolio of assets: physical, human, sccial,
intellectual, and natural. Although Africa benefits from—and depends on—extensive nat-
ural assets, they are at enormous risk. The reason is that natural assets such as forests, fish-
eries, and water tend to be common property goods for which markets cannot provide basic
coordinating functions—revealing true values, balancing interests over time, and providing
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efficient outcomes. As a result natural assets are difficult to manage sustainably, leading to
the loss of tropical forests, degradation of soils, overexploitation of fisheries, destruction of
coral reefs, and deterioration of surface water and groundwater.

Two functions of natural assets are especially crucial to the health and livelihoods of

poor Africans—particularly in rural areas, where 70% of the region’s people live. The first

SR, L is a sink function, with air and water absorbing human-generated pollution. The second is
L Adﬁiéving sustainable a production function, supporting livelihoods through output from forests, fisheries, and
development mines. Moreover, these two functions are interlinked: human health—which suffers in the

in Africa will require face of widespread pollution—affects productive capabilities, and a fack of output (such as

maintaining natural tood) affects health.

assets and reducing

T Human vulnerability is defined as the lack of key assets, exposing societies to increased
human vulnerability v 4 » SPORE

risk of poverty. The fewer assets a society has, the more vulnerable it is. Thus degradation
of natural assets can exacerbate poverty and increase vulnerability. In rural Africa seasonal
fluctuations in food and water supplies are one of the main causes of vulnerability. In addi-
tion, many poor Africans live in environmentally fragile areas such as arid or tropical lands
with low soil fertility. Lacking other options, growing numbers of poor people have also
moved to steep hillsides and low-lying coastal areas. These fragile sites are increasingly
caught in a downward spiral of poverty and resource degradation.

The urban poor are also vulnerable to degradation of natural assets and to extreme
weather events. During 1970-95 the number of poor urban Africans increased by 5.2% a
year (Fay and Opal 2001)—with disastrous consequences. In some parts of Benin poor peo-
ple five in “water up to their ankles for three months a year and must contend with diar-
rheal diseases and respiratory tract infections, impassable streets, reduced opportunities for
petty trades and constant housing repairs” (Narayan and others 2000, p. 47). In Senegal the
urban poor live in what have been called “floating neighborhoods,” with crowded, unsani-
tary housing in peri-urban areas.

The main message of this chapter is that achieving sustainable development in Africa
will require maintaining natural assets and reducing human vulnerability. The chapter lays
the groundwork for those that follow by defining three key elements of a strategy to make
the transition to sustainable development:

+ Using more robust, timely indicators of sustainable development to monitor, diagnose,
and manage problems at the local and regional levels {chapter 2).

* Increasing agricultural productivity and reducing food insecurity by exploiting recent
advances in biotechnology (chapter 3}.

* Improving health, with partcular attention to diseases that worsen poverty—
HIV/AIDS, malaria, and tuberculosis—by exploiting recent advances in science and
gene technology (chapter 4).

These clements are not an exhaustive list. Sustainable development requires an:
approach spanning multiple sectors, including water, energy, health, agriculture, and bio-
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diversity. But no attempt is made here to offer detailed multi-sector recommendations.

Instead, vital but often overlooked issues—such as reliable statistical systems and indica-
tors—are highlighted as a basis for action. In addition, important missing elements—such

as new technologies for health and food production—are identified.

Agro-climatic conditions are highly correlated
with poverty and vulnerability

Vulnerability occurs when people or societies Jack key assets and are exposed to greater risk
of poverty. Poor people tend to have not only low incomes, but also low and unstable nat-
ural resource bases. As a result poor people’s livelihoods are more likely to be disrupted by
prolonged drought, major crop failures, or devastating livestock diseases. Thus agro-ch-
matic conditions and geographic factors, such as rainfall and soil tvpe, are critical in deter-
mining vulnerability and poverty.

Large differences in living standards between areas in the same country are correlated
with unequal distributions of natural assets, differences in agro-climatic conditions, or dif-
ferences in geographic conditions, such as remoteness from markets and transport routes
(Bigman and Fofack 2000). These findings arc intuitive because households in remote
areas, living on fragile lands, would be expected to have fewer opportunities and face greater
risks and vulnerability than households in better-endowed areas. The findings are also con-
sistent with the fact that poverty is more scvere in rural than in urban Africa. These

Figure 1.1
Poverly in Burkina Faso by region, 1994
(headcount, percent)
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Source: Adapted from Bigman and cthers 2000.
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analytical underpinnings make it possible to develop a strategy for sustainable development
based on sustaining natural assets and reducing human vulnerability, The following exam-
ples show the clear relationship between poverty and agro-climatic conditions in various
African countries.

Burkina Faso

Burkina Faso has relatively high population densities, few natural resources, and fragile
soils. About 90% of the population is engaged in subsistence agriculture, which is highly
vulnerable to variations in rainfall. Poverty varies enormously by region, ranging from 14%
in the capital to 75% in central and southern regions (figure 1.1). Poverty is high in the
south-central, north-central, and south-east regions due to scarcity of natural resources
such as water and fertile land, as well as severe population pressures (see Burkina Faso
Ministry of Economy and Finance 2000). Poverty is much lower in regions close to the
capital and those with better agro-climatic conditions——particularly in the west, which is
hilly and wet.

Ghana

In 1998/99 the poverty headcount ratio for Ghana’s rural savannah was 70%, while for
Accra (the capital) it was just 4% (table 1.1). The vast differences in poverty across regions
owe much to variations in agro-climatic conditiens. High poverty in rural savannah and
rural coastal regions is partly the result of dry climates. Southern and eastern arcas, and
espectally rural forests, have lower poverty partly due to more favourable agro-climatic con-~
ditions, including high plateaus and mountains with better rainfall. In addition, parts of
these areas are drained by the Volta river.

Table 1.1
Poverty in Ghana by agro-climatic region, 1998/99
2 (percent)
i 1998/99 the poverty
headcount ratio for Agro-climatic region Headcount ratio
Ghana'’s rural savannah Rural savannah N A
was 70%, while for |
Accra it was just 4% Urban savannah 43

Rural forest

Urban forest

Source: Christiaensen, Demery, and Paterniostro 2002.
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Ethiopia

In 1999/2000 the poverty headcount in Ethiopia ranged from 26% in Harari—a prosper-
ous region that produces many export crops—to 61% in Tigray—a drought-prone region
dominated by settlements on fragile land (figure 1.2). Other poor regions, such as Affar
and Benshangul, rely on pastoral livelihood systems and are exposed to frequent hardships
in the form of livestock disease and other environmental hazards.

Figure 1.2
Poverty in Ethiopia by region, 1999/2000
{headcount, percent)

Source: Ethiopia Ministry of Finanice and Economic Development 2002.

Figure 1.3
Poverty in Mozambigue by province, 1996/97
{headcount, percent)
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Source: Datt and others 2000.
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Mozambique

In Mozambique the provinces of Sofala, Inhambane, and Tete had poverty headcounts

above 80% in 1996/97, while the city of Maputo had a headcount of abourt 48% (figure 1.3).

Agro-climatic conditions in the poor provinces make them more prone to vulnerability and

risk. Most of Sofala is covered by deciduous forests and mangrove swamps. Similarly,
. Inhambane has a climate that varies from humid tropical on the coast to dry tropical on the
Iricome fluctuations mainland—a pattern not especially conducive to rural livelihoods.

are a significant cause
of transitory and By contrast, the province of Cabo Dolgado is abundant in water resources, being

persistent poverty drained by five maj.or tivers. Most households in this province. survi_vc on farming and some
fishing. And despite a prolonged war, poverty in the province is the second lowest in
Mozambique—mainly due to favourable agro-climatic conditions.

Uganda and elsewhere

The distribution of poverty in Uganda is also closely related to agro-climatic conditions.
Poverty is higher in the relatively dry north than in the more fertile south and west.

Large variations in poverty—with similar links to agro-climatic conditions, remote-
ness, or both—have also been found in many other countries. In Africa poverty is much
more heterogeneous within than across countries.

Shocks to natural assets speed transitions
into poverty

Income fluctuations arc a significant cause of transitory and persistent poverty (Dercon
2001). In Ethiopia harvest failure—largely due to drought, flood, pests, or disease—has
been a major shock for most rural households since 1980, in some cases reducing con-
sumption by one-fifth (figure 1.4; Dercon 2001; Kebede and Shimeles 2002).

The rurat poor tend to be more vulnerable because of their limited ability to substitute
assets to mitigate shocks. A recent survey in Ethiopia found that just 2% of rural house-
holds produced enough crops to last them more than a year, and only 45% produced enough
to last them more than six months {(Ethiopia Central Statistical Authority 2001). Some
tarmers may understate crop production in an effort to secure food aid or other benefits.
But it is more likely that most rural farmers are malnourished and suffer from illnesses,
resulting in insufficient crop production and persistent food insecurity and poverty.

Zimbabwe’s 1995 drought clearly illustrates the severity of income losses associated
with shocks such as harvest failures. Changes in the rural income distribution between 1990
and 1995 would have been much smaller had rainfall in 1995 remained at its 1990 level,
The drought caused extensive income losses and so increased poverty, But the drought was
not the only reason the income distribution changed: other changes resulted from individ-
ual and household characteristics.
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Physical ecology exacerbates the burden
of disease

Affica has a much higher disease burden than any other region, with 30% of the burden
due to environment related diseases such as malaria, diarrhoea, and respiratory infections
(table 1.2)." Africa suffers a high disease burden for several related reasons: its physical ecol-
ogy supports high infectious disease transmission, poor nutrition results from low agricul-

tural productivity, and therc are fecdbacks through poverty (illiteracy, lack of access to The rural poor tend to
medical care, lack of access to sanitation). be more vuinerable
because of their

Physical ecology appears to be by far the most important reason for Africa’s disease limited ability to
burden. Consider malaria, where an ambient temperature of 18 degrees Celsius is required substitute assets to
for successful transmission between the vector (the mosquito) and the human host. The mitigate shocks

year-round warm temperatures in Sub-Saharan Africa support year-round transmission
and much higher infection rates.

Population pressure is increasing

Africa’s population, growing by 2.5% a year, will exceed 1.2 billion people by 2025 (UN
2001). But there will be considerable differences by region. Growth will be slightly faster
in Central Africa (3.0%), West Africa (2.9%), and East Africa (2.6%) but slower in North
Africa (2.1%) and Southern Africa (1.0%). The explosive growth in population is putting
pressure on the continent’s natural resources.

Figure 1.4
Shocks to rural households in Ethiopia, 1980-2000
{percentage reporting hardships)
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Source: Dercon 20071,
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Population densities in Africa are highly variable—and low relative 1o other tropical
regions. The continent’s average population density jumped from 7 inhabitants per square
kilometre in 1950 to 24 in 1995, and is projected to reach 46 in 2050, By comparison, pop-
ulation densities are 152 in the Caribbean, 127 in South Asia, 121 in East Asia, and 107
in South-East Asia. But Africa’s average disguises significant variations, with areas of both
very low and very high population densities. The highest are in East Africa’s island states,

. Africa has a much where densities range from 160 per square kilometre in the Seychelles to 570 in Mauritius.

B 'higher disease burden
than any other region

Some of the lowest population densities are found in the Horn of Africa: Somalia (14),
Djibouti (27), and Eritrea (30},

The demographic transition is stalled

The demographic transition—from high fertility and mortality to low fertility and mortal-
ity—is essential for sustainable development because it slows population growth, increases
investments in individual children, and expands the working-age population. Slower pop-
ulation growth also places less strain on a society’s natural resources.

Box 1.1
Southern Africa’s food security crisis—and its links to drought and disease

Southern Africa is facing a regional food security crisis due to adverse climate conditions for two
consecutive growing seasons, mismanagement of grain reserves, and questionable government
policies, particularly in Zimbabwe. A drought extends across much of the region, with Lesotho,
Malawi, Mozambique, Swaziland, and Zimbabwe among the most affected countries. The World
Food Program estimates that in 2002 Zimbabwe's maize production will be about 0.5 million
tonnes—nearly two-thirds less than in 2001. Production will meet just cre-quarter of Zimbabwe’s
maize consumption requirements. The current crisis may be worse than the 1995-96 drought,
which affected 8 million people.

The Southern Africa Development Community estimates that across the region, the maize
deficit will total 3.2 million tones in 2002. Zimbabwe has traditionally exported food, supplying
food-deficit countries in the region such as Malawi and Zambila. Thus Zimbabwe’s significant short-
falls in agricultural production are affecting food prices, availability, and accessibility throughout
Southern Africa.

High rates of HIV/AIDS in much of the region leave large portions of the population increas-
ingly susceptible to the health problems associated with food shortages, including malnutrition.
People suffering from both malnutrition and HIV/AIDS also become more susceptible to endemic
diseases such as malaria and cholera. In Malawi 45, 000 children are suffering from severe mal-
nutrition, and the United Nations Children’s Fund expects the situation to deteriorate further dur-
ing the lean season, between January and March 2003.

Source: Economic Commission for Africa from official sources.
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Table 1.2

Burdens of disease frorn major environmental risks
(percentage of disability-adjusted life years lost in each group)

Least
Asia and Latin developed
Environmental risk Africa  India Pacific America countries O .
: . T - Africa’s population,
i rowing by 2.5% a year,
Malaria 9 0.5 0 15 0 3 growing by yean
: will exceed 1.2 billion

people by 2025
Indoor air pollution 5. G 9.5 4 0.5 5 : Cn

Total 205 205 205 19 12.5 21

Source: Lvovsky and others 2000; Lvovsky 2001,

Africa’s high burden of disease has slowed its demographic transition. Among other
reasons, households will tend to compensate for high child mortality by maintaining high
fertility (Sachs 2001). Projections show a slow decline in fertility, from 6.1 children per
woman in 1995 to 4.9 in 2025, accompanied by a slow and uneven decline in mortality.
Average life cxpectancy at birth is expected to increase from 50 years in 1995-2000 to 58
years in 2025, and in 2025 could reach 80 vears in Reunion, 77 in Mauritius, and 74 in
South Africa. But life expectancy will not rise much above 55 years in countrics with poor
health services or those hit hard by HIV/AIDS. In several countries HIV/AIDS has already
reduced life expectancy by more than 10 years.

Land degradation is accelerating, with dire
conseqguences for food security

Nearly 500 million hectares in Africa are moderately or severely degraded. Land degrada-
tion is linked to poverty and population pressures, people’s attitudes and values, weak land
management and tenure systems, and drought—which result in overgrazing, unsustainable
agricultural activities, overexploitation of land (such as trees used for fuelwood), and defor-
estation {box 1.1). About 50% of land degradation is caused by overgrazing, 24% by crop
production, 14% by clearance of vegetation for agriculture, and 13% by overexploitation.
Degradation has increased desertification, decreased land productivity, and caused losses
of arable land. Degraded land produces less food, reduces the availability of biomass fuel,
makes ecosystems less rosilient, and increascs malnourishment and susceptibility to disease
in local populations. Nearly 40% of Africans live on fragile lands—the highest share in the
world (table 1.3},

Where land is abundant, rapid population growth does not lead to degradation because
farmers shift their cultivation patterns, leaving cropped land fallow to replenish lost nutri-
ents. But land is scarce in many African countries, and rapid population growth without
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intensive cultivation results in degradation (ECA 1999b). Population pressures are also
reducing arable land per capita, which fell from 0.60 hcctare in 1961 to 0.27 hectare
in 1993.

Poor farmers cannot undertake intensive agriculture requiring significant inputs or
investments in soil improvements. Their only alternative is to mine soils until they become
completely degraded (see below). Poverty also makes rural people dependent on fuelwood

Landis scarceinmany  fy, energy. Because there is no afforestation to mitigate overexploitation, degradation
African countries, and  [eqults.
rapid poputation growth
without intensive Land degradation is also closely linked to land tenure systerns. If people do not have
cultivation results title to land, they have no incentive to invest in long-term improvements—especially on
in degradation rented land. On rangelands, traditional methods of managing grazing have become less
effective. Free-range grazing has led to overgrazing, especially in arid and semi-arid areas,
leading to deteriorated land cover. Finally people’s attitudes are very important in land man-
agement. Because rural people tend to be poor and unaware of conservation methods, their
attitudes and approaches may lead to land degradation.

Soil degradation

Soil degradation is the most serious consequence of land degradation. Among regions, the
most degraded soil is in Asia (37% of all soil) and Africa (26%). In Africa the main type of
soil degradation is water erosion (53%), followed by wind erosion (31%), chemical

Table 1.3
Popuiations living on fragile lands by region, 2000

Population on fragile lands

Region/country group Total population Number Share of total

{millions) {millions) population {percent)

Middle East and North Africa 293

South Asia

Europe and Central Asia

Total less OECD 5,180

a. Includes Australia, Austria, Belgium, Canada, Denmark, Finland, France, Germany, Greece, Iceland, Irefand, Italy,
Japan, Luxembourg, the Netherlands, New Zealand, Narway, Portugal, Spain, Sweden, Switzeriand, the United
Kingdom, and the United States.

Source: Economic Commission for Africa from official sources.
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degradation (11%), and physical degradation (5%; table 1.4). The main causes are
overgrazing {59%), crop production (18%), overexploitation (17%), and deforestation (7%;
UNEP 1997).

North and East Africa have experienced significant soil losses. In Ethiopia and Uganda
soil erosion accounts for more than 80% of the costs of environmental degradation,
estimated at 1-4% of GDP. Each year Ethiopia loses 1.9 billion tonnes of topsoil from its
highlands, while Burundi loses 80-150 tonnes a hectare—and Rwanda, 557 tonnes a
hectare (CT&E 2000; CEDARE 2000). South Africa could be losing as much as 400 mil-
lion tonnes of soil each year, while in Malawi soil losses range from 0-50 tonnes a hectare
each year.

Soil erosion caused by water or wind and is mainly associated with annual crops such
as maize and millet. Water erosion occurs throughout Africa but is especially pronounced
in the Mediterranean and arid North Africa, humid and subhumid West Africa, subhumid
and mountainous East Africa, and subhumid and semi-arid Southern Africa. In addition,
cultivation of annual crops causes water erosion on arable land in every subregion. By 1991
water erosion had affected 170 million hectares in Africa (see table 1.4). Overgrazing,
deforestation, and cultivation of hill slopes are the main causes.

Wind crosion is prevalent in the Mediterranean and arid North Africa, Sudano-
Sahelian Africa, and subhumid and semi-arid Southern Africa, and is especially common
on arid grazing lands. Wind erosion has affected 98 million hectares in Africa, and can be
caused by human activity or prolonged drought (see table 1.4). Controlling erosion is dif-
ficult without using narrow grass strips, terracing, or mulch from crop residue.

Chemical degradation is expressed through nutrient loss {83%), salinization (11%}, and
acidification (5%). It is mainly caused by poor irrigation practices, shortening of fallow
cvcles, and inappropriate fertilizer use. Chemical degradation affects 4% of Africa’s dry-
lands and 51 million hectares across the continent (ECA 1999b).

Physical degradation causes the structure of soil to deteriorate, making it more com-
pact and harder to use because it drains poorly and 1s less permeable to rain. Such soil also
develops hardpans and surface crusting. Some 17 million hectares of African land have been

P p g

affected by physical degradation (ECA 1999b).

Effects on productivity and food security

Land degradation significantly reduces soil productivity and food securty. If erosion’s
effects on soil productivity and plant nutrients are not addressed, soil eventually becomes
unsuitable for crop production. Soil fertility is already a major problem: 56% of Alfrica’s soils
are acidic and low in nutrients (Moran 1987). Between 1970 and 1999 African soils lost a
considerable amount of their natural nutrients, including nitrogen, phosphorus, and potas-
sium. This loss is equivalent to an estimated 1.4 tonnes of urea fertilizer per hectare (in
terms of nitrogen loss), 375 kilograms of triple super phosphate per hectare (in terms of

Each year Ethiopia
loses 1.9 billion tonnes
of topsoil from its
highlands, while
Burundi loses 80-150
tonnes a hiectare
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Table 1.4
Types of soil degradation by region, 1991
(millions of hectares)

Water Wind Chemical Physical Total
erosion erosion degradation degradation

Australasia

North and Centrai
America 20 37 7 5 139

¢ adand degradation Total 748 280 147 39 1,214
signiﬁcantly reduces Note: Data refer to moderately and severely degraded soil.
soil productivity and Source: FAC 1995.

food security
Tuh phosphorus loss), and 896 kilograms of potassium chloride per hectare (in terms of
potassium loss; ECA 1999b).

Soil erosion can also increase flooding, pollute water supplies with sediment, and
reduce hydroelectric power supplies through siltation of dams. Since 1950 erosion has
reduced the productivity of Africa’s cropland by 25%. Moreover, over the past century ero-
sion has caused irreversible losses in soil productivity on at least 209 of land in large parts
of Algeria, Ethiopia, Ghana, Kenya, Lesotho, Morocco, Nigeria, South Africa, Swaziland,
Tunisia, and Uganda. In 1989 erosion reduced crop yields by 2-40% across Africa, with a
mean of 8%. Annual soil losses in Mali, for example, range from 1 tonne a hectare in the
north to 31 tonnes a hectare in the south—lowering annual yields by 2-10% (ECA 1999b).
Thus land and soil degradation are significant hindrances to Africa’s agricultural produc-
tivity, food production, and food security.

Deforestation threatens livelihoods

Deforestation—degradation of the wildlife, biomass, and gene pools in forest ecosystems—
is one of the most pressing environmental problems in many Sub-Saharan nations, A lead-
ing cause 1s high demand for fuelwood, charcoal, and other wood-derived fuels (collectively
known as woodfuels). Population growth is a driving force behind deforestation because it
increases land clearing for agriculture and demand for woodfuel. The rising number of rural
poor people depend on fuelwood and charcoal for cooking and heating. Charcoal, often in
the form of briquettes, is also an important fuel for fast-growing urban poor populations.
Market and policy failures also accelerate deforestation, mainly because a lack of property
rights encourages overexploitation of woodland resources.
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During 1990-2000 deforestation in Sub-Saharan Africa averaged 0.8% a year—the
highest rate among all the world's regions. The costs of deforestation are being felt in the
form of climate changes, droughts, flash floods, landslides, and soil erosion. There are pow-
erful reasons to avoid destroying wilderness and the resulting extinction of species. The
strongest argument for conserving biodiversity is to protect the ecosystems on which
humanity depends. Species diversity is essential to the functioning of ccosystems and the
biosphere as a whole. Each species is unique, and its functions are not necessarily substi-
tutable. Diverse ecosystems protect soils, watersheds, local rainfall, and reserves of genetic
resources for agricultural, industrial, and medicinal purposes. From a global perspective,
forests play a decisive role in mitigating the effects of climate change. To regenerate, forests
must be used sensibly.

Despite low greenhouse gas emissions,
the threat of climate change looms

Africa contributes very little to global climate change, with low carbon dioxide emissions
from fossil fuel use and industrial production in both absolute and per capita terms. Africa
accounts for 2-3% of the world’s carbon dioxide emissions from encrgy and industrial
sources, and 7% if emissions from land use (forests) are taken into account. Per capita car-
bon dioxide emissions from all sources are 1 tonne a year (Darwin and others 1995).
Moreover, five countries generate most of Africa’s carbon dioxide emissions from fossil fuel
use and cement production. South Africa is by far the largest emitter, responsible for 39%
of the continent’s total. Another 42% comes from Algeria, Egypt, Libya, and Nigeria com-
bined. Only Libya (1.98 tonnes) and South Africa (1.88 tonnes) have per capita carbon
dioxide emissions higher than the global average of 1.13 tonnes a year.

Srudies in 1990-96 found that Ghana, Kenya, Mali, and Zimbabwe are greenhouse
gas sinks (ENDA 1997). Although agriculture (in Ghana and Kenya) and the cnergy sec-
tor (in Mali and Zimbabwe) are major emitters, forests are able to absorb far more gases
than all other sectors emit.

Still, Africa is susceptible to the effects of climate change because limited resources
hinder its ability to mitigate the effects of weather and climate extremes (map 1.1). Climate-
related disasters and diseases are on the rise. Droughts, cyclones, floods, and bushfires have
brought misery (starvation, homelessness, death) to millions of people, especially in the
Horn of Africa and Seuthern Africa (box 1.2). African societies have also suftered from
reduced crop yields, decreased water availability, greater exposure to vector and water-borne
diseases, and increased flooding. Malaria, cholera, and lower respiratory tract infections are
increasing. These diseases result from a range of factors, including ¢limate change, deteri-
orating water and air quality, and poor disposal of solid waste in urban areas.

Deforestation is one
of the most pressing
environmental
problems in many
Suhb-Saharan nations
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Climate change will also likely decrease stream flow and groundwater recharge in many
water-stressed countries in Southern Africa and around the Mediterranean, 1f ternperatures
were to increase by just a few degrees Celsius, food prices would rise, rhe incomes of vul-
nerable populations would fall, the nurnber of people at risk of hunger would increase, and
food security could worsen. Natural systems such as corals, mangroves, forests, and natu-
ral grasslands are at risk from climate change.

i Ef._fjl_imate change will
likely decrease stream
flow and groundwater

recharge in many
water-stressed
countries in Southemn

Africa and around

the Mediterranean

All African regions will likely suffer the effects of climate change, but small island states
and low-lying coastal areas are particularly vulnerable. Coastal settlements in Egvpt, the
Gulf of Guinea, Senegal, and along the East and Southern African coast could be hurt by
rising sea levels resulting from ﬂooding and coastal erosion. Moreover, global warming may
cause widespread extinctions of plants and animals in Africa—increasing poverty by under-
mining rural livelihoods and reducing tourism (PANA 2001)

Map 1.1
Africa’s vulnerability to climate change
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Box 1.2
Cyclones and storms increase vulnerability

In early 1994 the south-western Indian Ocean generated five tropical cyclones, causing immense
hardships in Madagascar and several other Southern African countries. Cyclones Daisy (mid-
January) and Geralda (early February) traversed southern and central Madagascar. Geralda, Africa has a large,
dubbed the “cyclone of the century” because of the devastation it caused, dropped 400 mil- diverse stock of

limetres of rain and involved winds of 300 kilometres an hour—killing more than 200 people and biodiversity inc.'uding
L

i X h less.
leaving 500,000 homeless . . ' . . . more than 1,000
in March cyclone Nadia, with sustained winds of 185 kilometres an hour, claimed a dozen .
mammal species, 1,500

tives as it crossed northern Madagascar. Nadia then entered northern Mozambique, where it . .
claimed more than 200 lives and left more than 1 million people homeless. Together the five bird SPecios, and
cyclones in early 1994 produced 25-55% more rain than normal in January to March through- 50,000 plant species
out much of central and southem Madagascar. in addition, in November 1994 some Egyptian
harbours were closed and convoys in the Suez Canat delayed due to a series of storms across
the Middle East.
In 2000 Madagascar, Mozambigue, and other parts of Southern Africa were hit by another
series of devastating cyclones. Between February and April these sterms—including Eline,
Gloria, and Hudah—caused severe flooding and claimed many lives. In Zimbabwe power and
phone lines were cut, crops and village granaries washed away, and the Limpopo river reached
its highest level in 15 years {http.//www.mg.co.za/mg/news/2000feb2).

Africa’s rich biodiversity faces threats

Africa has a large, diverse stock of biodiversity, including more than 1,000 mammal species,
1,500 bird species, and 50,000 plant species. The continent contains 5 of the world’s 25
biodiversity hotspots—including the Guinean hotspot, the world's most diverse in terms
of mammal species. East Africa, meanwhile, contains 63% of Africa’s endemic bird specics,
55% of mammals, 49% of reptiles, and 40% of amphibians.

Tropical savannahs are Africa’s most extensive ecosystemn type and home to some of
the world’s most concentrated populations of large mammals. Mountains, highlands, and
wetlands also have rich and unique biodiversity. With 300 endemic species of higher ver-
tebrates (mammals, birds, and amphibians), Madagascar has more than any other African
country and ranks sixth in the world. The Democratic Republic of Congo is the richest

African country in terms of plant species, followed by Tanzania and Madagascar.

Yet many of Africa’s biodiversity resources are endangered or at risk of extinetion (box
1.3). All African countries are home to endangered species, with the highest numbers in
Tanzania (43 mammal, 33 bird, and 236 plant species) and Madagascar (50 mammal, 27
bird, and 162 plant species). The Democratic Republic of Congo and Céte d'Ivoire also
contain large numbers of endangered and vulnerable species. In addition, most of the con-
tinent’s indigenous tropical forests are threatened, shrinking by nearly 1% a year.

Most of the damage to Africa’s biodiversity is caused by human activities—including
logging, agriculture, overhunting, pollution, excessive vegetation removal, introduction of
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alien species, and expansion of human settlements—and climatic variations (box 1.4}.
About 79% of Africa’s logging occurs in frontier forest, as does 17% of agriculture and 12%
of energy and other infrastructure development. In addition, significant climate changes
over the next 50-100 years will likely make it impossible for many wild organisms to sur-
vive in their natural ranges.

Biodiversity provides the basis for many people’s livelihoods and for local and national
Bindiversity provides  economic growth. It 1s also an invaluable global heritage. Direct benefits of biodiversity
the basis for many include the provision of feod, medicine, and energy. Indirect benefits include the provision
people’s livelihoods and of essential life support services such as mitigating pollution, protecting watersheds, com-
for local and Aalional  barting soil erosion, and recycling carbon, oxygen, and nitrogen. In addition, biodiversity is
economic growth essential for food security: all major food crops and livestock depend on new genetic mate-
T rial from the wild to remain productive and healthy. Biediversity also provides recreational
opportunities and aesthetic values.

Biodiversity is also important for human health. About 120 pure chemical substances
used by pharmaceutical companies around the world are extracted from some 90 species of
higher plants. Yet many of the world’s natural resources are being used faster than they can
replace themselves.

Water resources are inadequate...

Africa’s water resources are inadequate given the continent’s vast size, high evaporation
rates, and rapidly growing population. Moreover, the distribution of water resources varies
enormeusly by region and season. Africa’s annual water flow averages more than 4 trnillion
cubic metres and includes the world’s longest river (the Nile) and its second largest in terms
of basin and flow (the Congo). But the wet equatorial zone (mainly central and south-west-
ern countries) produces 95% of this flow; arid and semi-arid zones produce just 5% {Lake
and Soure 1997).

Across Affica, rainfall averages 670 millimetres a year. The highest rainfall occurs in
island states (1,700 millimetres), Central Africa {1,430 muillimetres), and the Gulf of
Guinea (1,407 millimetres). But in North Africa annual rainfall averages just 71 mllime-

tres {ECA 2001).

The unequal distribution of water resources is even more striking when measured in
per capita terms, ranging from 136,000 cubic metres in Gabon to less than 200 cubic metres
in Libya (Lake and Soure 1997). Internal renewable resources are generally low, averaging
20% of rainfall for the continent but ranging from 6% in Sudano-Sahelian countries to 34%
in island states (ECA 2001). Due to the intensity of rains, very little recharges underground
aquifers; most is lost as surface runoff (box 1.5). In Kenya only 6% of annual rainfall is avail-
able for use—and in Ethiopia, just 3%. If current trends continue, by 2025 an estimated 25
African countries will suffer from water stress or water scarcity (map 1.2).

Africa also has 17 rivers with catchment areas larger than 100,000 square kilometres.
The continent’s eight largest international river basins are shared by 4 to 10 countries
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Box 1.3
Threats to biodiversity in the Zambezi Basin

Many factors threaten the biodiversity of the Zambezi Basin, including pollution, fires, alien
species, dams and other hydrology structures, and land clearance and overexploitation.
Though they vary across the basin, many areas suffer from more than one of these problems.

The effects of pollution are often felt after long, continuous discharges of waste. Sources
include local industries, mining compounds, and pesticides and fertilizers in runoff from agri-
cultural fand. Within the basin, pollution of Lake Chivero (near Harare, Zimbabwe) caused fish
deaths in 1995, and mining projects have contaminated tributaries such as the Kafue in Zambia.

The Barotse Floodplains and many other parts of the basin are subject to regular fires.
Vegetation in these areas has adapted to suit these conditions.

Introduction of alien species has had mixed effects on the basin’s biodiversity. Pine trees
have invaded the grasslands of Nyanga (Zimbabwe) and Mt. Mianje (Malawi). In addition, the
Nile tilapia fish was introduced in the waters of the Middle Zambezi, and the Kariba weed
{Salvinia molesta) in the Chobe system. The water hyacinth weed now occurs In most tributar-
les of the Zambezi, reducing the biodiversity of indigenous species. By contrast, introduction
of the kapenta fish (Limnothrissa miodon) in Lake Kariba in the 1860s has had more positive
than negative effects because it was introduced in a newly created habitat.

Dam construction has the most significant effects on wetland bicdiversity because it
resulis in the formation of new habitats and the destruction or modification of old ones. The
hydrology of the Zambezi river system was modified by the construction of the Kariba, Cahora,
and ltezhi-Tezhi dams.

Human settlements have sprung up in formerly uninhabited areas. As settlements
expand—reflecting population growth and other factors—more land is acquired and cleared for
agriculture, urbanization, and other human development initiatives. Large settlements include
the copperbelt towns of Zambia and the large urban settlements of Harare, Lusaka, Lilongwe,
and many other cities in the basin. Land cleared for farms and plantations often replaces a rich
diversity with a monoculture of plants.

Human development often atso leads to overexploitation of certain species. Examples of
averexploitation include overgrazing in various parts of the basin, overfishing in Lake Malawi,
destruction of large mamrmals such as elephants, rhinoceroses, and antelope over wide areas,
and harvesting of valuable timbre such as mukwa, African ebony, and Zambezi teak.

Source: SARDC 2000.

(figure 1.5). In addition, Africa has more than 160 lakes larger than 27 square kilometres,
most of which are in the equatorial zone and the subhumid East Africa highlands within
the Rift Valley (ECA 2001).

Groundwater accounts for 15% of Africa’s water resources, with the main aquifers
located in the arid zones of the northern Sahara, the Kalahari, and the Nubia, Sahel, and
Chad basins (Lake and Soure 1997). Groundwater is a source of drinking water for more
than three-quarters of Africans and is particularly important in North African countries
such as Algeria, Libya, Morocco, and Tunisia, as well as in some Southern African coun-
tries (ECA 2001).

ARica’s water resources
are inadequate given the
continent’s vast size,
high evaporation

rates, and rapidly
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Box 1.4
The most serious threats to Africa’s frontier forests

Frontier forests are the world's remaining large, intact natural forest ecosystems. But in Africa
frontier forests face many threats:

Africa has 17 rivers with .

Logging, which can “rewrite” the structure and composition of forests. In Central Africa
catchment areas larger more than 80% of logging occurs in primary forest—one of the highest levels in the wortd.
tha’? 100,000 The roads built by logging companies open up forests to hunters, would-be farmers, and

square kilometres

other profit-seekers. About 79% of Africa’s logging takes place in frontier forest, com-
pared with 72% for the world as a whole.

*  Overhunting, introduction of harmful species, isolation of small islands of frontier forest
through the devetoprment of surrounding lands, changes in natural fire patterns, and plan-
tation establishment. A third of Africa's threatened forest frontier is at risk due to runaway
poaching to meet urban demand for bush-meat. Overhunting removes key species that
help maintain forest ecosystems and can upset other natural processes that shape
forests—for example, by changing how seeds are distributed and herbivores are kept in
check. Altogether, 41% of these activities in Africa occur in frontier forests. (world, 13%)

*  Agricultural clearing, energy development, and excessive vegetation removal are the other
main threats to frontier forests in Africa. About 17% of agriculture clearing happens in fron-
tier forest (world, 20%), 12% of energy development, mining, and new infrastructure
(world, 38%), and 8% of excessive vegetation removal (world, 149%).

Sowvrce: WRI 20601,

...and their quantity and quality are suffering

Human activities pose growing threats to the quantity and quality of Africa’s scarce
water resources.

Wetland degradation

Wetlands are a key component of freshwater ecosystems and have enormous economic and
ecological importance. Wetlands provide a wide array of goods and service, including flood
control, nutrient cycling and retention, carbon storage, water filtering and storage, aquifer
recharge, shoreline protection and erosion control, and a range of foods and materials such
as fish, shellfish, timbre, and fibre. Wetlands also provide habitats for many species, from
waterfow] and fish to invertebrates and plants (www.wri.org/wr2000/freshwater).

Yet wetlands around the world have undergone massive conversion—with consider-
able social, economic, and ecological consequences and costs. Wetland changes include
conversion to agricultural land and construction of dams that curtail the wetlands’ seasonal
replenishment. Examples include a large-scale irrigation scheme developed in the Hadjia-
Jama'are river basin in north-eastern Nigeria and a dam constructed and rice irrigation
scheme developed in the Waza-Logone floodplain in northern Cameroon
(www.wri.org/wr2000/freshwater). In Southern Africa many wetlands and floodplains
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Box 1.5
Rainwater harvesting: standing the test of droughts

Rainwater harvesting has attracted considerable attention in recent years. A wide range of
techniques—tanks, farm ponds, gully detentions—are used, with some systems based on
updates of technologies devised thousands of years ago. Where needed, public spending on
rainwater harvesting ean be justified by the fact that, in scattered settlements, such schemes
are often cheaper than piped water.

Macro-catchment systems concentrate water from large areas, storing it in smalt reser-
vairs for agriculture. Cisterns {large underground tanks) are an example of macro-catchment.
Another type, common in semi-arid North Africa, involves ¢reating mountain lakes to supple-
ment irrigation of crops much lower down.

At the other extreme is micro-catchment, which follows the same principles as macro-
catchment. Contour ridges are created on slopes to concentrate water where it is needed, often
to improve shrubs and grasses for livestock. In the semi-arid Sahel contour ridges have been
used for sorghum and millet crops. In wet vears the catchment may also be planted with
drought-resistant legumes such as cowpeas and tepary beans.

Satellite and other aerial photography and geographic information systems are increas-
ingly used to help determine suitable sites for water harvesting. Once a site has been identified,
field work assesses factors such as run-off to project the amount of water that can be expected.
Rainwater harvesting generally does not invoive “best practice.” Instead of searching for the
best technology, efforts should focus on finding technology that can be adapted to local con-
ditions.

For instance, in Niger and most of the semi-arid Sahel, natural rain-filed pools are the first
source of water used by pastoralists after rain has fallen. There is scope for deepening some of
these pools, for complementing them with human-made pools, and for better managing their
use by pastoral communities. Rain-filled drinking points for livestock could help sustain pas-
toral iifestyles.

Sourcer MWMI 2007; SIwi 20017,

could disappear as a result of large-scale irrigation schemes and other water management
activities—as with Botswana's Okavango Delta, a globally important wetland arca, If
implemented, proposed water projects in the area could be ccologically damaging and put
the delta at risk from drainage and water extraction (www.wri.org/wr2000/freshwater}.

Water pollution

Africa’s water bodies are being degraded by overextraction, poor waste management, and
agricultural and industrial discharges (box 1.6). Pollution limits the regeneration of fresh-
water ecosystems and complicates water treatment for domestic use (Lake and Soure 1997).
Agricultural and industrial pollution releases chemicals, pesticides, and fertilizers into water
bodies, compromising their quality. In some water bodies, such as Lake Malawi/Nyasa,
such contamination has killed fish (www.sadcwscu.org.1s/).

Saltwater intrusion also undermines water quality. This issue is especially pressing on
the Mediterranean coast and on occanic island states (such as Comoros) that are highly
dependent on groundwater resources. Nutrient enrichment or eutrophication of water
bodies resulting from pollution of phosphates and sulphate-rich materials can lead to

Groundwater accounts
for 15% of Africa’s
wafer resources
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Map 1.2
Projected water scarcity and water stress in Africa, 2025

.+t Afpea’s water bodies
are being degraded by
overextraction, poor
waste management,
and agricultural and
industrial discharges

Water scarcity in 2025

less than 1000 m¥personfyear
Water stress in 2025

1000 to 1700 m3/person/year

Sourcer UNEP 2000.

the blooming of aquatic weeds, particularly water hyacinth. Such weeds have caused
serious damage to many water bodies, including Lake Victoria, the Nile, and Lake Chivero

(ECA 2001).

Another serious concern is overgrazing and deforestation that result in severe soil loss
and sediment flows into water bodies. Desertification and erosion threaten much of Africa,
shortening the useful lives of reservoirs, lakes, and ponds. In some Sahelian countrics rain-
fall has been declining by about 10 millimetres a year. If this trend continues, and predic-
tions of global climate change come true, some African aquifers may become unusable. In
Kenya sedimentation is cutting the lifespan of dams, reducing their storage capacity, and
impairing downstream water supplies. In West Africa siltation has caused the Ibohamane
and Mouela reservoirs (on the Niger river) to lose half their capacity over the past 15 years
{Lake and Soure 1997).

Urban sprawl continues unabated, increasing
vulnerability

Urban areas contain 38% of Africa’s 767 million people and generate 60% of its GDP. But
municipalities in Sub-Saharan Africa receive only a small portion of GDP in revenue—

averaging $14 per resident—creating challenges for municipal governance (UN-
HABITAT 2001c).
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Figure 1.5
Africa’s main international river basins
(percentage of total)
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Note: The Congo basin is shared by Angola, Burundi, Cameroon, Central Africa Republic, Democratic Republic of
Congo, Republic of Congo, Rwanda, Tanzania, and Zambia. The Nile basir is shared by Burundi, Democratic Republic
of Congo, Egypt, Enitrea, Ethiopia, Kenya, Rwanda, Sudan, Uganda, and Tanzania. The Zambezi basin is shared by
Angola, Botswania, Malawi, Mozambique, Namibia, Tanzania, Zambia, and Zimbabwe. The Grange basin is shared by
Batswana, Lesotho, Namibia, and South Africa. The Limpopo basin is shared by Botswana, Mozambique, South Africa,
and Zimbabwe. The Volta basin is shared by Benin, Burkina Faso, Cote d'lvoire, Ghana, Mali, and Togo. The Senegal
basin is shared by Guinea, Mali, Mauritania, and Senegal. The Niger basin is shared by Benin, Burkina Faso, Cameroan,
Chad, Céte d'ivoire, Guinea, Mali, Niger, and Nigeria.

Source: Econormic Commission for Africa from official sources.

The pattern of urbanization in West Africa differs from that in East Africa. Many
West African countries have few secondary cities, so urban populations are concentrated in
one or a few large cities. In East Africa urban populations are distributed more evenly over
secondary and tertiary cities, although primary cities are experiencing rapid growth. By
2015 Lagos (Nigeria) is expected to have more than 20 million inhabitants, and 70 African
cities will have populations of more than 1 million. Rural-urban migration is onc of the
main contributors to urbanization in both West and East Africa. In Southern Africa nat-
ural population growth has been a key cause of urbanization for some time.

Rapid population growth in African cities (morc than 3.5% a year) has been accom-
panied by mounting development pressures, with high demands for housing and infra-
structure. Economic growth has failed to keep up with rapid population growth and its
concentration in urban areas, leading to deterioration in human settlements and increased
discharge of unprocessed waste into the environment—resulting in severe health problems.
A growing portion of Africa’s urban population is being forced into unplanned settlements
on the outskirts of large cities or into more crowded and deteriorating housing in high-den-
sity arcas. With physical infrastructure failing, a shrinking share of urban populations has
access to good health services, regular garbage disposal, and clean, piped water. As a result
most urban residents saw their quality of life worsen in the 1990s.

‘Many West African
courttries have few
secondary cities, so
urban populations are
concentrated in one or
a few large cities
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Box 1.6
The Nile Basin Initiative: regional cooperation on renewable resources

Stretching nearly 6,700 kilometres and draining more than 3 million square kilormetres, the Nile
is the world’s longest river. The Nile is a transboundary river shared by 10 African countries
{Burundi, Democratic Republic of Congo, Egypt, Eritrea, Ethiopia, Kenya, Rwanda, Sudan,
Tanzania, and Uganda). The river’s transhoundary nature poses complex challenges, especially
in terms of sharing benefits. Yet if properly planned and managed, the river promises sound

- Economic growth has refurns for “win-win” development efforts that could enhance food production, energy avail-

failed to keep up with ability, navigation, industrial development, environmental conservation, and related activities in

rapid population growth the region. Some 160 million people live within the boundaries of the river basin, which covers
and its concentration a catchment area equal to 10% of Africa’s landmass.

in urban areas Among the main challenges facing the Nile basin are poverty (4 riparian countries are

among the 10 poorest in the world), instability (with confiict in the Great Lakes, Sudan, and the
Horn of Africa), rapid population growth {population in the area is expected to doubie by 2025),
and severe environmental degradation (especially in the East Africa highlands),

The river’s potential led the Council of Ministers of Water Resources in the Nile to launch
the Nile Basin Initiative in 1999, The initiative includes all riparian states and provides an agreed,
basin-wide framework to fight poverty and promote socio-economic development through the
equitable use and sharing of benefits from the river's commeon water resources. A strategic
action programme, involving both basin-wide and sub-basin investments, includes projects to
promote collaborative action, share experience and information, and build capacity. In addi-
tion, riparian countries have identified other mutually beneficial investments at the sub-basin
level.

A host of multilateral agencies and bilateral donors—the International Monetary Fund,
World Bank, United Nations Development Programme, European Union, Canadian Internationat
Development Agency, France, ltaly, Japan, Netherlands, Nordic countries, Switzetland, United
Kingdom, and United States-—have shown keen interest in the initiative, and by October
2001had provided $122 million in funding.

Source: Nile Basin Initiative 2001,

The rapid urban expansion of recent decades has also increased pressure on the urban
environment and on surrounding areas and their natural resources—creating immense and
growing air and water pollution, land degradation, traffic congestion, and noise pollution
(box 1.7). In some countries as little as 2% of sewage is treated, while 30-50% of urban solid
waste is left uncollected {(University of Ghana 1995). For example, in the Accra (Ghana)
metropolitan arca only 11% of the population benefits from household waste collection; the
rest use communal disposal sites or bury or burn their waste (University of Ghana 1995).
Throughout Africa, dirty streets—with large heaps of uncollected, rotting garbage—are a
common feature of cities. With weak infrastructure and poor services, urban agglomera-
tions pose constant health hazards.
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Box 1.7
Poliution in Cairo and Lagos—Africa’s megacities

Megacities are urban agglomerations containing 10 million or more people. Among the world’s
20 largest megacities are Cairo, Egypt (with annual population growth of 2.5%), and Lagos,
Nigeria (1.7%). In both cities car ownership is less common than in industrial countries—yet air
quality is as bad or even worse.

Cairo, home to about one in four Egyptians, is Africa’s most popuious city—and one of the
world’s 20 most air-polluted megacities. Most of Cairo’s air pollution is generated by industrial
activity and motor vehicles. The city may have the world's highest concentrations of airborne
lead particulates, which can impair liver and kidney functions, raise blood pressure, lower chil-
dren's (measured) intefligence, and cause other neurologicat damage. Eliminating lead from
gasoline is a priority not only because of the harm that lead causes but also because doing so
helps lower emissions of other pollutants. For example, catalytic converters can cut poliutant
emissions by up to 90%—but they can only be installed on motor vehicles that use unieaded
gasoline.

In Lagos large il companies are destroying the Niger Delta with gas flaring and «il spills.
Other major sources of air poilution include frequent traffic jams and a large number of motor
vehicles with high poilutant emissions. Diesel-fuelled vehicles emit black exhaust consisting of
soot, while gasoline-fuelled vehicles emit blue exhaust containing unburned oil. As a result local
populations are exposed to high airborne concentrations of aromatic hydrocarbons, carbon
monoxide, and particulates. Another problem is the “harmattan wind"—parching, dusty wind
along the Wast African coast between February and December.

Air pollution in megacities is a function of many factors, including rates of industrialization,
population growth, and socio-economic development. Most urban centres pose risks to pub-
lic health not only because of environmental hazards but also because of heavy congestion,
widespread water contamination, and weak or nonexistent sanitation and disposal systems.
Cairo and Lagos urgently need better air quality data, emission inventories, and epidemiologi-
cal data because without themn it is difficult to properly assess their pollution probiems. Still, the
Egyptian and Nigerian governments recognize the importance of reducing urban air pollution
and are taking steps to do so. These include:

¢ Implementing public education programmes to raise awareness of the health benefits of
eliminating lead from gasoline and to address public misconceptions about the feasibility of
using unleaded gasoline in cars without catalytic converters.

. Developing an intensive infrastructure to increase supplies of naturat gas, which is far less
polluting than traditionai fuels.

*  Encouraging technolegical diversity in power generation.

*  Using a variety of economic instruments to encourage lower emissions from motor vehicles.

Source: Economic Commission for Africa from official sources.
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The way forward—better data and new
technology for agriculture and health

Sustainable development is Africa’s top priority. This chapter has described some of the

challenges facing the continent, including the links between poverty, vulnerability, and

The two areas require  agro-climatic conditions, the high burden of infectious disease, severe land degradation and

urgent attention—low  deforestation, biodiversity depletion, and water quantity and quality. These considerable

agricuftural productivity  challenges point to two areas requiring urgent artention—low agricultural productivity and
and poor health  poor health.

Although agriculture accounts for 30% of Africa’s GIDP, 40% of exports, and 70% of
employment, agricultural productivity is extremely low. The average cereal yield in Africa
is about 1,220 kilograms a hectare, compared with 37,288 kilograms in industrial coun-
tries—a 30-fold difference. Several ecological factors explain much of Africa’s low agricul-
tural productivity, including fragile soils, high biodiversity (which provides a perfect
breeding ground for crop-devastating pests and discases), extreme hydrological variability
(droughts, floods, rainfall variations, evapo-transpiration), and poor water control caused
by excessive precipitation (soil leaching, waterlogged fields). Steps required to increase agri-
cultural productivity and reduce food insecurity are discussed in chapter 3.

The burden of disease is much higher in Africa than in any other region. There are
several related reasons: the continent’s physical ecology supports high infectious diseasc
transmission, poor nutrition results from lower agricultural productivity, and poverty gen-
erates multiple feedbacks (illiteracy, lack of access to medical care and sanitation, and so
on). Hence more attention should be paid to the killer diseases and epidemics that claim
the lives of so many Africans. Urgent action is especially important for diseases that accen-
tuate poverty—HIV/AIDS, malaria, and tuberculosis; sec chapter 4.

Finally, better statistical information is needed, including more robust and timely indi-
cators of sustainable development to monitor, diagnose, and manage problems at the local
and regional levels. Tracking progress towards sustainable development is critical to the for-
mulation and execution of effective policies; see chapter 2.

Note

1. Work done under the Global Burden of Diseases Initiative uses a standardized
measure of health outcomes, disability adjusted life years (DALYs), across various causes

of illness and death, providing a way to quantify the losses due to environmental risks
(Murray and Lopez 1996).
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