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FOREWORD

The need for awareness-raising for environmental protection has become increasingly urgent over recent years with
consequences of human activities manifesting in our natural world with increasing frequency and intensity. Man-
made climate change and environmental destruction are being felt across national and international boundaries.

The concept of sustainability, including the environmental dimension, alongside and on the same footing as economic
and social concerns, has characterised this new thinking. The Global Goals for Sustainable Development, and the
Agenda 2030 to realise these global aspirations, also speak of the commitment to realise integrated and sustainable
development.

Namibia, as one of the first countries in the world to constitutionally make inseparable the well-being of its citizens
and the maintenance of its natural environment, sets a standard for others as a global citizen. Yet, numerous and
compounded challenges remain for the country such as environmental degradation, the impacts of a rapidly changing
climate and low awareness of how to individually and collectively address these challenges.

The main focus of the Hanns Seidel Foundation’'s Environmental Awareness work in Namibia is to work in dynamic
partnerships to tackle awareness-raising in a comprehensive way, drawing attention to key linkages across all sectors,
including water, energy and agriculture. Potable water is the most valuable resource worldwide and its sustainable
utilisation is of particular importance in Namibia, as it is the driest country in Africa south of the Sahara Desert.
Renewable energy, another important topic with Namibia’'s unequalled amounts of sunshine, can also contribute
to a responsible and mitigating environmental and economic policy in Namibia. Our programme focuses on these
and many other themes and attempts to contribute to a deeper understanding among Namibians of the close
interdependence between sustainably utilised natural environment and a healthy economy to contribute to Namibians
being increasingly mindful about their environment, and to support the development of a new consciousness that
warrants an unharmed environment for the benefit of Namibia’s future generations.

Protection of the environment as one element of the broader sustainable development agenda means collaborative
initiatives must be at the heart of our development. Therefore, civil society organisations, government, political
parties, traditional authorities, private sector, faith based organisations, media, schools and farmers are called
upon to disseminate and create environmental awareness for sustainable development within their respective
communities and the broader public.

| wish to thank the authors, coordinators and all who have contributed to this publication for their valuable insights
and hard work in service of the Namibian nation. Let all of us make sustainable development a reality for today and
future generations!

W\ RN

Dr Susanne Luther

Director of the Institute for International Cooperation (I1Z)
Hanns Seidel Foundation

Munich, September 2017
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The main purpose of this book is to create awareness for environmental sustainability amongst young people in
Namibia. The book is thus directed at students, learners and teachers in particular. Because there is a lack of easily
accessible educational material on environmental awareness in Namibia, particularly for teachers operating in
remote parts of the country, it is envisioned that this book will provide a good foundation for the preparation of
lessons.

But the book has also been written with other users in mind, e.g. tour guides and government officials, as the intent is
to distribute it widely and in doing so encourage as many people as possible to become more environmentally aware.
In compiling this book the authors focused on the following:

e Provide a current, clearly written book that describes the environment, with particular emphasis on the
Namibian context;

e Remind Namibians what natural resources are available to them and how they are being utilised;

e QOutline the roles different members in society can play to contribute towards the responsible use and
management of these natural resources;

e Encourage people to find out more about sustainability issues and ways to integrate sustainable practices into
their workplaces and homes; and

e Challenge individuals to accept their responsibility in looking after Namibia's natural resources and inspire
them to develop an environmental ethic, which they are willing to follow throughout their life, and in doing so
make them live more considerately within their environment.

The book has been divided into four main chapters. Chapter 1 sets out the environmental context and introduces
concepts like environmental ethic and sustainable development goals. Chapter 2 represents details on the 4 spheres
of the natural environment, namely lithosphere, biosphere, hydrosphere and atmosphere. Chapter 3 examines
in detail how the resources listed under lithosphere, biosphere, hydrosphere and atmosphere are being used by
Namibians and what impact they are having. Issues associated with resource unpredictability, scarcity and fragility are
explored. The book concludes with a chapter on environmental management and the actions that are being carried
out by different levels of society to cause change, i.e. government through policy making and regulatory framework;
industry through corporate governance and responsibilities towards communities; as well as all individuals through
their daily decisions and actions. Within each chapter, green textboxes provide definitions and blue textboxes provide
interesting case studies and additional information. The aim of the textboxes is to provide additional clarity and
stimulate further discussion. Furthermore, certain words within the text are presented in bold to promote ease of
reading, introduce new concepts as well as to highlight items that are defined in adjacent boxes.

It is with great excitement that | introduce this book to the intended audiences and the broader Namibian public
and commend the authors for a comprehensive, well-structured and dynamic approach taken to environmental
awareness for people of all walks of life to become more ecologically mindful in order to care for Namibia’s diverse
natural wealth.

et

Dr Martin Schneider

Executive Director

Desert Research Foundation of Namibia (DRFN])
Windhoek, September 2017
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CHAPTER 1 - ENVIRONMENTAL CONTEXT AND CONCEPTS

1.1 ENVIRONMENTAL CONTEXT

For thousands of years humans have been developing
their world without taking nature into account. This
has resulted in the loss of vital natural resources, the
increase in pollution of air, water and soil and the loss
of wilderness. Namibia is a young nation, with a growing
population that is, in general, aspiring to achieve a higher
standard of living with a comfortable lifestyle. The side
effects of this development are the same that are seen
the world over, and include environmental degradation
and alienation of people from the natural environment. It
is rarely intentional but as people’s interests and needs
shift to things more urban and technological, the time
spent outdoors diminishes and people simply lose touch
with what the environment is all about.

Calls have gone out for people to change the way they
behave in order to conserve the environment. And whilst
some people have risen to the challenge, the majority
have not. The result is the ongoing erosion of our
natural capital. There are very convincing arguments,
underpinned by evidence that the way humanity behaves
needs to change. The environment on Earth is becoming
increasingly degraded. The reasons for this are:

e Over exploitation of natural resources for short
term economic gain, e.g. over fishing, poaching and
the illegal trade in wildlife;

o Destruction of habitat for large scale economic
developments such as mining, deforestation for
timber, monoculture (agriculture and commercial
plantations), stock farming, and urban settlements;
and

e Pollution of water, land and air from a multitude of
industrial, agricultural, urban and rural activities.

The main reason that environmental degradation
is spiralling out of control is overpopulation. This is
exacerbated by the current economic paradigms which
focus on increased consumption, the aspirations of
millions to achieve a higher standard of living, powerful
and unscrupulous monopolies/industries, ineffective
and/or corrupt governments, escalating poverty and
apathetic societies.

Every country in the world is wrestling with the need
for poverty alleviation and economic development but
the big question is whether they are going to try and do
that sustainably, i.e. within the constraints of functioning
ecosystems, or whether they will further degrade their
natural capital to meet the short term needs of the
current generation.

On one hand Namibia is fortunate. It is a big country
with a small population. On the other hand, it is one
of the most arid places on Earth, which means that
its ecosystems are vulnerable and easily degraded by
large scale impacts especially those which continue for
extended periods of time.

Namibia is faced with a number of serious environmental
challenges that threaten the long term prosperity of its
people and the ongoing integrity of its ecosystems. Yet it
also boasts some of the most innovative and successful
approaches to the conservation and management of
natural resources.

Whether or not Namibia succeeds in developing an
environmentally conscious society depends to a large
extent on the will of the people. Whilst there is evidence
that many Namibians living in urban areas, especially the
youth, are disconnected from the natural environment,
the vast, arid landscapes that define this country are
deeply engrained in most of us at some level. Even if we
are not always aware of it, our environment plays a part
in defining who we are as Namibians.

The name Namibia is derived from a Nama/Damara
word meaning “shield” or “vast place” - that was used
to refer to the large coastal desert. The symbolism in
the Namibian flag and coat of arms is strongly linked,
not only to its people but to the natural environment
and the value of Namibia’s natural resources as well
as our responsibility to protect it as enshrined in the
Constitution. The symbolism in both the Namibian flag
and coat of arms is outlined on the next page.
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CHAPTER 1 - ENVIRONMENTAL CONTEXT AND CONCEPTS

THE SYMBOLISM IN THE NAMIBIAN FLAG

The golden sun represents life
and energy, the grassy plains
and the Namib Desert. Blue represents Namibia's
clear skies, the Atlantic Ocean,
precious water resources and
reminds one of the importance
of rain.

White represents peace and
unity.

Red represents one of Green represents Namibia’s
Namibia’s most important precious vegetation on which
resources - its people. both pastoral and agricultural
The colour symbolises the activities depend.

determination for which they
fought for independence.

THE SYMBOLISM IN THE NAMIBIAN COAT OF ARMS

The diamonds represent the
mineral wealth of the country.

The fish eagle represents \
the north of the country and

The two oryx represent the

Namibia’s water resources. S 2 semi-arid parts of the country
—— and symbolise courage,

The welwitschia is a unique (] elegance and pride.

desert plant that fights for

survival in the harsh desert. The flag is firmly anchored in

It is a symbol of Namibia's the sands of the ancient Namib

fortitude and tenacity. DNITY 2 S A USTICE Desert.
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CHAPTER 1 - ENVIRONMENTAL CONTEXT AND CONCEPTS
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THE GLOBAL GOALS
For Sustainable Development

1.2 UNITED NATIONS SUSTAINABLE
DEVELOPMENT GOALS (UN SDGs)

Utilising natural resources more sustainably and
managing environmental degradation has by now been
high on the global agenda for many years. Nations
have come together to try and find consensus on
ways to interlink environmental, social and economic
development that meets the needs of the present without
compromising the ability of future generations to meet
their own needs. On 25 September 2015, the UN General
Assembly adopted the 2030 Agenda for Sustainable
Development, a framework that follows the Millenium
Development Goals that took 3 years to develop, with
input from all UN member states (of which Namibia is
one) and millions of people from across the world. The
core of this agenda are 17 Sustainable Development
Goals (SDGs).The importance of these goals can be well
summarised by a quote from the former United Nations
Secretary-General Ban Ki-moon:

“We don’t have plan B,
because there is no planet B”.

The SDGs outline global challenges that must be tackled
if humanity is to have a chance of a sustainable, peaceful,
prosperous and equitable society moving into the future.
They set environmental limits and critical thresholds
for the use of natural resources whilst recognising the
needs for poverty alleviation and economic development.
They address key systemic barriers to sustainable
development such as inequality, unsustainable
consumption patterns, weak institutional capacity and
environmental degradation. Overall, the SDGs are a
valuable set of goals.

Whilst it is inevitable that such a document will have
gaps, such as downplaying the issue of overpopulation,
if adopted, countries will make changes towards a more
sustainable society.

The 2030 Agenda for Sustainable Development provides
a roadmap for all countries. Each sovereign state has to
figure out how best to implement these new international
commitments in their own country through the
development of national laws, policies and strategic plans.
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CHAPTER 1 - ENVIRONMENTAL CONTEXT AND CONCEPTS

Namibia is in the process of mainstreaming the SDGs
throughout national strategic plans, including the latest National
Development Plan 5. The critical step is moving from policy
and strategic plan to actual implementation. Implementation
requires commitment on all levels from economic incentives for
investments in sustainable technologies, social investment to
reduce inequality, to enforcing environmental laws.

Many people who are committed to making a change do not
know how to deal with such huge issues as climate change,
whilst others have not heard about the problems or do not
understand them sufficiently to be able to help.

If mankind is truly committed to the issues outlined in the
SDGs, then everyone requires the knowledge, skills, values and
attitudes to empower them to make meaningful change and
contribute to sustainable development.

Education is therefore crucial for the achievement of sustainable
development. Education for sustainable development (ESD) lays
a platform for all people to engage with sustainability issues as
it recognises the importance of lifelong learning in all contexts.
Integrating ESD into all learning spheres including the formal
sector such as schools, higher education as well as government
institutes and the private sector is much easier said than done,
because fundamental changes to the way teaching is done need
to take place. Yet it is one of the most important tasks of our time
and it is hoped that the call for ESD will be heeded.

14 ENVIRONMENTAL AWARENESS FOR SUSTAINABLE DEVELOPMENT - A RESOURCE BOOK FOR NAMIBIA

Why do we need education for
sustainable development?

The extent to which environmental
education has been integrated in
mainstream education varies but is
generally low.

Education for sustainable development
(ESD) is all about integrating key
sustainable development issues into
teaching and learning. Successful
integration of sustainability issues into
learning curricula and workplans would
allow people to:

e Envision, because if we know
where we want to go, we will be
better able to work out how to get
there;

Develop critical thinking and
reflection skills, as learning to
question our current belief systems
and to recognize the assumptions
underlying our knowledge,
perspective and opinions is critical
for fundamental change;

Develop systemic thinking skills,
which help in acknowledging
complexities and looking for links
and synergies when trying to find
solutions to problems;

Build partnerships, so as to
promote dialogue and negotiation,
and in doing so teach people to
work together and

Participate in decision-making,
thereby empowering people.




CHAPTER 1 - ENVIRONMENTAL CONTEXT AND CONCEPTS

1.3 ENVIRONMENTAL ETHICS

Most societies have moral principles that guide the way
they behave. These principles are dependent on their
ethics. Ethics delve into the ‘best way’ that people should
live and strive to solve what is right and wrong.

Establishing an ethic is not that simple because it is
influenced by culture, family, gender and age. For this
reason different people have slightly different ethics,
which may change during the course of their lives.
Typically ethics revolve around how we should treat
ourselves and other people within a society. Some
cultures have much stronger principles relating to how
they should treat the environment than others, and
because many cultures believe they have dominion over
the rest of creation, many environmental ethics are
focused on how the environment should benefit man.

Unfortunately this inherent belief has allowed humans
to undermine the very resources they need for survival.
Although ethics and morals help to define a culture or
society, they are not static. There is a pressing need
for most societies’ ethics and morals to be reviewed
and adapted to include an environmental ethic that
apportions rights to the rest of the environment. If
societies cannot evolve more environmentally conscious
principles, they will struggle to find sustainable solutions
to the challenges they face today.

One of the main reasons that people’s ethics no longer
fit" is that they were founded by much smaller societies
living in a world that was considerably less populated
than today. Whilst there are cases of civilizations that
have gone extinct due to a variety of reasons including
over exploitation and degradation of their environment
(e.g. Majans and Norse Greenlanders); in general,
natural resources were much more abundant in the
past. Humans were able to migrate from problem areas,
and ecosystems were given a chance to recover from the
impacts of human exploitation. But with the onset of the
industrial revolution and with more than seven billion
people living on the planet, this is no longer the case.
Regardless of religion, economic disposition or political
inclinations there are some environmental issues that
should be reconsidered.

" What do you attach to nature and the experiences
it offers?
(Source: M Pfaffenthaler)

Some of the questions to explore when
reconsidering your environmental ethic:

What is our place in the natural world?
Do all organisms have the right to life?
What should our relationship be between
nature and technology?

How do we respond to the issues of
resource loss and pollution?

What value do we attach to environmental
experiences?

What are the best forms of conservation?

Ethical conduct is to do the right thing when
nobody is looking. For example; will you leave
your rubbish on the beach or will you take it
home and dispose of it properly?
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CHAPTER 1 - ENVIRONMENTAL CONTEXT AND CONCEPTS

" Al creatures have a right to live in a healthy
environment for which they have adapted
(Source: M Pfaffenthaler)

The outcomes of such deliberation and discussion will
help to form one’s environmental ethic and will define
your environmental values.

Whilst everyone's ethic will vary, there are a few
fundamental truths which need to be accepted.
Everyone needs to start taking responsibility no matter
how inconvenient the reality. They are:

e The planet’s resources are finite and even those
resources which people have always seen as
renewable will become depleted and disappear,
if people do not take personal responsibility in
looking after them.

e As human numbers grow, the amount of resources
available for each person and other species on the
planet will decrease because people have to share
with more. Not everyone will want to share. People
will start fighting for these resources and our
standard of living will decrease.

One of the challenges with looking after the environment
is that some natural resources such as water belong to
everyone. It is referred to as a public good. Everyone
has the right to use a public good, but everyone has
a responsibility to look after it too. Unfortunately the
tendency is to assign the responsibility to someone
else, which means that the resource degrades due to
insufficient care.

" For some people access to open spaces and
natural environments are very important
(Source: M Pfaffenthaler)

For many people the natural environment has an
intrinsic value, which means that it is worth protecting
regardless of its value to humans, i.e. life should be
conserved because it exists. They see people as being
part of nature, thus in damaging nature, we damage the
very processes that created us, ultimately damaging
ourselves. Because human activities are the source
of so much environmental destruction, people should
be taking the responsibility to conserve what remains.
Whilst many people struggle to support this view wholly,
it is impossible to ignore the fact that although many
people now live removed from nature, they cannot Live
without it. This is apparent across all cultures, globally
and testament is given to this in literature, music and
art, and in the success of the global ecotourism industry.

A different approach (although not
contradictory) is that the natural
performs a number of services for humankind that
have economic, recreational or aesthetic value. This is
the anthropocentric approach. Although the intrinsic
approach to conserving biodiversity is persuasive, it is
the anthropocentric one that has gained more traction,
because people can relate to it more easily.

necessarily
environment

In this book the authors have taken a more
anthropocentric approach to viewing the environment,
because there are so many convincing case studies
demonstrating how Namibians benefit from a healthy
environment and these are much easier to understand,

16 ENVIRONMENTAL AWARENESS FOR SUSTAINABLE DEVELOPMENT - A RESOURCE BOOK FOR NAMIBIA



CHAPTER 1 - ENVIRONMENTAL CONTEXT AND CONCEPTS

" Nature offers recreational, spiritual values and well-being to many

(Source: M Pfaffenthaler)

than the ones about intrinsic value or the inherent
rights of future generations. However, an approach
based purely on a fiscal value is flawed because people
are unpredictable, their values change over time and
they are selfish. If the environment merits conservation
solely because it has economic value, what happens
when the demand for that commodity changes and it no
longer has a value?

Even though this book presents many examples of
why it makes sense to manage the environment from
a socio-economic perspective, it also advocates that,
fundamentally, conservation of the environment is a
morally good thing to do and that the human race should
be striving towards a more harmonious relationship, not
solely for their own benefit but for the millions of other
species too.

The non-monetary aspect of environmental
conservation

That strong sense of belonging that you feel
when you smell the air after a rainstorm, when
you sit on the banks of a river and watch the

moon rise, or when you watch the water filling
up the dry river beds - these are things that do
not have a monetary value but without which a
part of you might be incomplete. Many people
want a clean, intact environment because it
increases their sense of well-being.
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2.1 INTRODUCTION TO EARTH'S SPHERES

Planet Earth is unique from the other planets in our
solar system because it houses life - a complex and
spectacular array of life that can be found from the
deepest ocean trenches to the highest mountains, from
the driest deserts to the wettest jungles.

To appreciate how Earth can support such diversity of
life, it is important to understand how the planet works.
Earth is divided into four broad areas or spheres, namely
the lithosphere (land), the hydrosphere (water), the
atmosphere (air] and the biosphere (living things). The
spheres get their energy from the Sun and from Earth'’s
internal heat, deep down in its core.

There are no defined boundaries between the spheres
and each of them interacts with the other to create the
fully functioning system that is our planet Earth.

An example is seed germination. For seeds to germinate
successfully and grow into adult plants all of the spheres
must interact, as is shown in the diagram. Another
example is soil erosion, which occurs when weather
patterns (atmosphere) cause rain to fall on the land.
The runoff picks up loose sand and soil (lithosphere)
and carries it into streams and rivers (hydrosphere).
The rivers transport the silt downstream and when they
run out of energy the silt is deposited. This is the reason
flood plains are so fertile and are home to many plants
and animals (biosphere).

" The spheres interact to create a life event: Seed dispersal and germination

(Source: M Pfaffenthaler)

ENVIRONMENTAL AWARENESS FOR SUSTAINABLE DEVELOPMENT - A RESOURCE BOOK FOR NAMIBIA 19



CHAPTER 2 - THE NATURAL ENVIRONMENT

This book examines the four spheres within the context of
Namibia. It is one of the driest countries in the world, yet
despite this, it is able to support an amazing variety of life.
Plants, animals and people that live here have adapted
to deal with the heat and unpredictable water availability
and have learnt to utilize the resources at their disposal.
Namibians have all benefitted from one of the most
unpolluted skies in the world and the variety of minerals
and striking landscapes that this country has to offer.
However, semi-arid and arid places are fragile systems,
characterized by high climatic variability, unpredictable
rainfall patterns, variable temperatures, water and poor
soils. If not looked after carefully the environment can
become unbalanced and deteriorate into unproductive
wastelands that struggle to support life.

What does a fragile environment mean? Life has existed
on Earth for 3.8 billion years. Despite some dramatic
events such as meteor impacts and bitterly cold ice
ages, life has persisted. Ecosystems have adapted, but in
the process species went extinct and new ones evolved.
When people talk about ‘a fragile environment,’ they are
looking at it from an anthropocentric (human centered)
perspective, because humans need an environment that

Dead Camethorn tree at Dead Pan with living camelthorns
in the back
(Source: G Schneider, 2012)

supports humans. Fragile environments are those that
can be easily damaged, are difficult to restore once they
are disturbed because they take a long time to get back
to the state they were in, or because the environmental
conditions that created the environment no longer exist.
Many of our environments have become more fragile
because of the negative impacts that humans have
placed on them. For example some of Namibia's best
agricultural areas have become fragile, due to poor
farming practices, which have resulted in soil erosion
and bush encroachments. A far more strategic approach
to land use is needed in Namibia if we are to minimize
impacts on our fragile environment.

By better understanding Earth's four spheres, this book
should assist to:

e Develop a greater appreciation of how Namibia's
environment ‘'works';

e appreciate what is needed to look after the
environment;

e have more clarity as to the role that every individual
should take to ensure that resources for a healthy
life are managed now and in the future.

Ancient Camelthorns - true icons
of the desert

One of the reasons that deserts are
considered fragile is because change
occurs very slowly and often only
periodically. The iconic camel thorn
trees that are scattered through the
Namib Desert require higher than
average rainfall to germinate and
grow. Radiocarbon dating of trees

has shown that the trees established

during warmer and wetter periods
(i.e. about 900, 870 and 570 years ago).
If all of the camel thorn trees were
chopped down or the groundwater
was lowered to such an extent that
they could not access water, then
these old trees will die and without
any young ones around, the species
will go extinct in the desert.
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2.2 LITHOSPHERE
2.2.1 LITHOSPHERE - GEOLOGY

Geology underlies everything. This wise statement not
only refers to the fact that wherever we are, rocks are
beneath our feet, or beneath the buildings, vehicles or
structures in which we find ourselves. If it was not for
geological processes, life as we know it, would not have
developed.

Our planet Earth is a complex system, and so far
unique in the universe we know. Why is it so unique? It
is because geological processes that have shaped the
Earth have also allowed for an oxygen-rich atmosphere
and liquid water, which are essential ingredients for
life to flourish. To give you only one example: geological
processes allow for carbon capturing, and thereby
reduce carbon dioxide in our atmosphere. If this was not
the case, the atmosphere would have heated up long
ago, which would have caused water to leave its liquid
state to become vapour, and make our planet unliveable.
So geology indeed underlies everything.

The lithosphere comprises the rocks and soils on which
we walk and which we use for various purposes, such as
building materials, ores for the extraction of metals and
soils for agricultural use, to name but a few.

Earth as such is subdivided into the crust, which is the
skin of rock on the outer layer of the planet, the mantle,
which separates the crust from the core, and the hot
core. The lithosphere includes the rigid, solid crust and
upper mantle, and is of the order of 100 km in thickness,
but varies greatly as the crust underlying the oceans is
much thinner than the so-called continental crust. It
represents the part of Earth that is involved in so-called
Plate Tectonic processes.

The theory of plate tectonics explains “how the Earth
works”. The lithosphere is broken into seven large,
rigid pieces called the African, North American, South
American, Eurasian, Australian, Antarctic and Pacific
Plates. Several smaller plates also exist. The plates are
moving in different directions relative to each other; at a
speed between 2 and 10 cm per year, which is about the

Choder o
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E Diagram showing the structure of Earth

(Source: bbc.co.uk/schools)

speed fingernails grow. There are three different types
of plate boundaries (the border between two plates),
depending on how the plates are moving relative to
each other: convergent, divergent and transform plate
boundaries.

At the edge of the over-riding plate of a convergent
plate huge mountain ranges can be formed, while the
other plate is moving deep into the earth. The folding
and bending results in earthquakes, and as the rocks of
the under-riding plate get hotter and hotter, melting can
occur, which in turn gives rise to volcanoes. This way the
South American Andes with their spectacular volcanoes
have formed.

At the boundary where two plates are separating
(divergent plates) you will find a rift valley. This can
cause milder earthquakes and volcanism. As the plates
continue to move apart, the rift valley widens, and
eventually a complete ocean takes its place, as is the
case with the Atlantic Ocean separating Africa and South
America. Sediments are deposited in both, the rift valley
and the ocean.

Transform plate boundaries do no create mountain
ranges or valleys. However, substantial pressure can
build up between the plates and eventually result in
violent earthquakes, such as the famous one that
destroyed San Francisco in 1906. It was caused by the
Pacific and North American plates sliding past each
other.

ENVIRONMENTAL AWARENESS FOR SUSTAINABLE DEVELOPMENT - A RESOURCE BOOK FOR NAMIBIA 21




CHAPTER 2 - THE NATURAL ENVIRONMENT

Katima Mulilo

.
«Okaukuejo

Oranjemund
Noordoewer

Geology of Namibia

(Source: Ministry of Environment and Tourism, 2002)
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Tsondab Sandstone underlying the Namib Sand Sea

(Source: P van Schalkwyk)
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As the plates move, oceans are opening at divergent
plate boundaries, while they are eventually closing
again at convergent plate boundaries, a process that is
referred to as a complete Plate Tectonic Cycle. Many
geological phenomena are related to what is happening
at the boundaries of the various plates. The theory of
Plate Tectonics further provides good explanations for
issues related to the composition of the atmosphere and
hydrosphere, and ultimately the biosphere.

The geology of Namibia must be seen in the larger
context of the geological evolution of southern Africa,
which spans a long period of 3 500 million years. It
began with the formation of the first stable parts of
the early Earth’s crust, so-called cratons, surrounded
by tectonically active areas. In time these surrounding
areas became stable, and formed larger cratons. During
the course of plate tectonic movements these areas
combined to form large continents, only to disperse
again later and eventually form new continents. The
development of the southern African lithosphere is
closely linked to these processes.

In southern Africa, the development of cratonic areas
was followed by the assembly of the large continent
Rodinia some 1 000 million years ago. The subsequent
dispersion of Rodinia preceded the assembly of the
huge continent Gondwana about 550 million years
ago. Gondwana comprised of modern Australia, India,
Antarctica, Africa and South America. Southern Africa
remained part of Gondwana until its break-up some
180 - 130 million years ago. Since then stable geological
conditions have prevailed as southern Africa developed
further as part of the African continent.

AFRICA

&
s
§
Q
N

T

SOUTH AMERICA

AUSTRALIA

ANTARTICA
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Important geological definitions

Geology

Geology is the science concerned with the solid
earth, the rocks of which it is composed, and
the processes by which these rocks formed
and change over time.

Lithosphere

The lithosphere consists of the earth’s two
topmost layers, the crust and the uppermost
mantle.

Plate tectonics

Plate tectonics describe the movement of
plates of the earth’s lithosphere, over millions
of years of Earth'’s existence.

Convergent plate boundary

Convergent plate boundaries are places where
two plates crash and one plate is eventually
subducted beneath the other.

Divergent plate boundary
Divergent plate boundaries are places where
two plates are pulling apart.

Transform plate boundary
Transform plate boundaries are places where
plates slide past each other.

Subduction
Subduction is the process of one plate sliding
under another.

Craton
A craton is an old and stable part of the
continental lithosphere.

Shape of Gondwana

(Source: geo.fu-berlin.de/en/v/geolearning/gondwana)
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There are three main types of rocks, namely magmatic
rocks, sedimentary rocks, and metamorphic rocks.

The melting and formation of magmatic rocks is caused
by one of the three following processes: an increase
in temperature, a decrease in pressure, or a change
in composition. If the change into a solid rock occurs
beneath the Earth’s surface, we talk of intrusive rocks;
if it occurs on surface, we call them volcanic rocks.
Prominent Namibian examples of intrusive rocks are the
granites of the Brandberg and the Spitzkoppe; volcanic
rocks are represented by the basalts of the Etendeka
Mountains and the tuff forming major parts of the
Erongo.

There are a number of different sediments that make up
sedimentary rocks. Clastic sediments are those, where
the minerals and rock fragments are derived from the
erosion and weathering of older rocks, and subsequent
transport by water and wind to the point of deposition.
Chemical sediments form when minerals dissolved
in water precipitate because the solution is more than
saturated. Sometimes the deposited material consists
of remnants of organisms, in which case we speak of
organic sediments. Prominent Namibian examples
of sedimentary rocks are the Tsondab Sandstone that
forms the prominent cliffs underlying the modern
Namib Desert, and the sandstones and shales of the
Schwarzrand escarpment.

Rocks at depths are particularly subject to metamorphic
changes because of the weight of the overlying rocks;
and because of heat, pressure and intrusions of magma
associated with plate tectonic movements. Prominent
examples of metamorphic rocks are the marbles of the
Karibib area and the gneisses underlying the town of
Luderitz.

Namibia’s geology covers more than 2 600 million years
of Earth’s history. Many of the old rocks are well exposed,
but some 50% of the country is covered by the young
sediments of the Kalahari thirst land and the Namib
Desert. Namibia has five main rock-forming periods.

The oldest rocks occur as metamorphic complexes with
an age of 2 600 to 1 800 million years, and comprise of
highly deformed gneisses, amphibolites, metasediments
and associated intrusive rocks. The Kunene and

Important rock type definitions

Magmatic rocks

Magmatic rocks form through the cooling and
solidification of magma or lava. The magma is
derived from the melting of existing rocks in the
Earth’s mantle and crust.

Sedimentary rocks
Sedimentary rocks form through the deposition

and cementation of minerals and rock fragments
at the earth’s surface and often below water.

Metamorphic rocks

Metamorphic rocks develop from pre-existing
rocks through substantial alteration in
composition, texture, and/or internal structure
by heat, pressure and/or infiltrating material.

Grootfontein Igneous Complexes in the north, the
volcanic Orange River Group and the Vioolsdrif Granite
Suite in the south, as well as the volcano-sedimentary
Khoabendus Group and Rehoboth Sequence belong to
this group.

Theseold rocks underlie the rocks of the nextmajor period,
which include sedimentary and volcanic successions
with an age of 1 800 to 1 000 million years. Their formation
is linked to the assembly of the large continent of Rodinia.
This period is represented by the Namaqua Metamorphic
Complex in the south, comprising of granitic gneisses and
metasedimentary and intrusive rocks; and by the volcano-
sedimentary Sinclair Sequence of central Namibia, with
its associated granites.

The third main event, the formation of the Damara
mountain belt, started with intracontinental rifting
(break-up of Rodinia) some 900 million years ago and
sedimentation in the widening rift as the continents
spread apart. Thereafter the diverging plates changed
direction and converged, culminating in continental
collision during the Damaran Orogeny between 650 and
450 million years ago. The Damara Orogen therefore
represents a full plate tectonic cycle. This event
coincided with the assembly of Gondwana, and rocks of
the Damara mountain belt cover vast areas of Namibia.
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In the north, carbonate sediments were deposited on
a stable platform, while in the central part a variety
of metasedimentary rocks point to more variable
depositional conditions. Along the south-western coast,
the volcano-sedimentary Gariep Complex is interpreted
as the southern extension of the Damara Orogen. During
the later stages of orogenic evolution, the shallow-
marine sediments of the Nama Group, which covers
much of central southern Namibia, were derived from
the erosion of the uplifted Damara and Gariep belts.

The fourth phase occurred some 300 to 135 million
years ago with the deposition of sedimentary and
volcanic rocks of the Karoo Sequence. These rocks can
be found in the Aranos, Huab and Waterberg areas in

the south-eastern, north-western and north-eastern
parts of the country. Extensive volcanism represented by
many dolerite intrusions and the predominantly basaltic
volcanism of the Etendeka Plateau of north-western
Namibia accompanied the break-up of Gondwana at the
end of this period.

Young sediments of the Namib Desert and the Kalahari
Basin were deposited after this break-up. They cover
some of the older rocks, and constitute the fifth phase.
However, this youngest phase of the Namibian geology
also saw the development of some magmatic complexes
which today form inselbergs, such as the Brandberg, the
Spitzkoppe and the Erongo Mountains.

" The inselberg of Spitzkoppe
(Source: Areva, 2009)

Why are our inselbergs so special?

The iconic inselbergs in the Namib Desert and
north-western Namibia are islands of high
biodiversity and have attracted humans and
wildlife for time immemorial, as documented in
a plethora of rock art. They owe their existence

to magma that formed when the African Plate
moved over a very hot spot in the Earth’s mantle.
The magmatic rocks forming the inselbergs
host the rarest minerals and mineral deposits,
and therefore constitute a remarkable and

outstanding geological and environmental

phenomenon.

Namibia’s varied rock formations host a number of ore
deposits, the development of which is directly related
to the geological processes described above. Ore
deposits are mined to extract metals and other valuable
materials that are used to manufacture most of what we
use in everyday life. One must remember, everything we
consume that cannot be farmed or harvested, needs to
be obtained by mining.
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2.2.2 LITHOSPHERE - SOILS

Soils are the skin of the Earth, and form a
comparatively thin layer covering the rocks of
the lithosphere. They therefore occur at the
interface between the atmosphere, lithosphere,
hydrosphere and biosphere. Soil consists of a
mixture of minerals, the soil matrix, organic
matter, as well as a porous component that holds
gases and liquids. Countless micro-organisms
and smaller organisms live in soil and form an
integral component of it.

Soils have four important functions, namely to
support plant growth; store, supply and purify
water; modify the Earth's atmosphere; and
provide a habitat for organisms. In turn, plants,
water, climate and organisms modify the soil.
Soil is an important resource which is at the
basis of food security, and the responsible and
sustainable use thereof is of utmost importance,
in particular in countries were fertile soils do not
occurin abundance, which is the case in Namibia.

Soil formation is the combined effect of physical
(disintegration), chemical (decomposition) and
biological processes that affect the rocks from
which the soil forms. Weathering is usually
confined to the top few metres of rocks, as
the physical, chemical and biological stresses
generally decrease with depth.

Five classic factors work together in the
formation of soil, namely the parent rock,
climate, topography of the landscape, organisms
and time. As constituents of the weathered rock
are moved within the developing soil, distinct soil
horizons develop.

Rocks, whether their origin is magmatic,
sedimentary or metamorphic, are the source of
allsoilmineral materials. As the parent materialis
chemically and physically weathered, transported
and deposited, it is transformed into soil. Typical
parent mineral materials are the common rock-
forming minerals quartz, calcite, feldspar and

Important soil formation definitions

Disintegration/Physical weathering

Disintegration is when rocks are weathered through
mechanical processes without chemical change. The
main process is abrasion caused by temperature,
pressure, frost etc.

Decomposition/Chemical weathering

Decomposition is a chemical weathering process
which occurs when the minerals in rocks interact
with water to create various chemical reactions. It is a
gradual and ongoing process as the mineralogy of the
rock adjusts to the near surface environment.

Biological weathering

A number of plants and animals may create chemical
weathering through release of acidic compounds,
i.e. the effect of moss growing on roofs is classed as
weathering. Mineral weathering can also be initiated
and/or accelerated by soil microorganisms.

Bioturbation
Bioturbation is the reworking of soils and sediments
by animals or plants.

Aeolian sedimentation
This is the deposition of sand due to wind action.

An example of soil formation

An example of the development of a soil begins with the
weathering of the bedrock, which would produce the
purely mineral-based parent material from which the
soil texture forms. Soil development proceeds most
rapidly from bare rock in a warm and moist climate,
and takes much longer in an arid environment.
This is followed by the establishment of lichen and
cyanobacteria, followed by plants capable of growing
on rocky surfaces, even though there is very little
organic material. The plants are supported by the
porous disintegrating rock as it is filled with nutrient-
bearing water that carries dissolved minerals from
the weathering rocks. This allows crevasses and
pockets to form that can hold fine materials which in
turn start to harbor plant roots. The developing plant
roots are associated with fungi which contribute to the
break-down of minerals, thus assisting in breaking up
the porous rock. By these means, organic matter and
fine mineral soil accumulate with time to form proper
soil horizons.
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mica. Soils that develop from their underlying parent
rocks are called residual soils. However, most soils
derive from transported material that has been moved
by water, wind, ice and/or gravity from its source of origin
to the point of deposition.

The principal climatic factors affecting soil formation
are precipitation and temperature, both of which affect
the rates of physical, chemical and biological processes.
Temperature and moisture both influence the organic
matter content of the soil through their effects on
the balance between plant growth and microbial
decomposition. Climate is the dominant factor in soil
formation, and soils show the distinctive characteristics
of the climate zones in which they form. Rocks that will
decompose and form soils in a few years in tropical
climates, will remain unaltered for millions of years,
should that environment become a desert. The reduced
vegetation cover of semi-arid and arid areas contributes
further to a lack of soil development in dry areas.

The topography of a landscape is characterized by slope,
elevation and orientation of the terrain. Topography
determines the rate of runoff of rainfall, as well as
erosion. Steep slopes, for example, encourage rapid soil
loss by erosion and allow less rainfall to enter the soil
before running off, and hence protecting the rocks from
chemical weathering.

Plants, animals, fungi and bacteria all affect soil
formation. Animals and micro-organisms, such as
earthworms, ants and termites, mix soils as they form
burrows and pores, allowing moisture and gases to
move about. In the same way, plant roots open channels
in the soil. Fungi and bacteria facilitate various chemical
exchanges between the roots and the soil, and in doing
so create more nutrients within the soil.

Time is the overarching factor affecting all the other
factors discussed. Depending on the other factors, it
takes decades to several thousand years to develop a
proper soil profile. Because of the lack of precipitation,
in many parts of Namibia, soil takes a very long time to
form.

Soils have distinctive layers, usually three or four.

=g,

Horizons

0 [Organic)
A Surlace)

B [Subsvil]

C (Substratum)

R (Hiedrock)

E Typical profile of soil horizons

(Source: commons.wikimedia.org/w/index.php?curid=46207693)

The top horizon is called 0-horizon, and consists of a
surface layer of small bits of plant and animal matter in
relatively non-decomposed form.

It is underlain by the A-horizon, which represents the
top or surface soil, made up of organic material mixed
with mineral matter. This layer is where most of the
organic matter accumulates and where most of the soil
life is found. It is usually depleted of iron, aluminum,
organic compounds, and other soluble constituents.
A-horizons may also be the result of a combination of
soil bioturbation and surface processes that winnow
fine particles from biologically mounded topsoil. In this
case, the A-horizon is regarded as a “biomantle”.

The B-horizon or subsoil occurs underneath the
A-horizon, and is a subsurface layer that is created from
chemical or physical alteration of the parent material.
This layer accumulates iron, aluminum and organic
compounds from the A-horizon above.
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The B-horizon is underlain by the C-horizon, which
represents the parent rock in various stages of
decomposition. It is also called substratum. This layer
may accumulate the more soluble compounds.

The layer of partially weathered bedrock at the base
of the soil profile is called R-horizon. Unlike the above
layers, R-horizons largely comprise continuous masses
of hard rock that cannot be excavated by hand, and
usually occur deep down in the profile. Soils formed in
situ will exhibit strong similarities to this bedrock layer.
The structure of a soil is another important
characteristic, as it describes the relationship between
solid particles and pore space. This, in turn, determines
how individual solid parts of the soil bind together, and
the arrangement of pore space between them. Soil
structure therefore has a major influence on water and
air movement in the soil, as well as biological activity,
root growth and seedling emergence.

Extensive physical weathering and erosion under
arid and semi-arid conditions are the dominant soil
forming processes in Namibia. Fluvial transportation
is a prominent feature in the central highland areas
associated with widespread sheet erosion. Over 70%
of Namibia’s surface area can be classified as highly
susceptible to erosion activities, making soil development
very difficult in general.

Soil forming processes, which are commonly found in
the central highlands of Namibia, are mostly associated
with weathering of the bedrock without erosion and
transport, i.e. the soil forms in place of the bedrock.
Morphologically, such soil profiles are divided into a lower
part with a more or less well preserved petrographic
substructure of the bedrock material, and into an upper
part, dominated mainly by disintegrated rock material,
which is also called saprolite. The saprolite material
can reach up to several tens of metres in thickness
and is dependent on the accompanying relief position,
dominated by its erosion gradient and the geological
substratum.

Aeolian sedimentation processes are active in the
Kalahari and Namib Desert, where dunes and Hamada
type landscapes prevail. Chemical weathering is
hampered, mostly due to the lack of moisture. In the
western Namib Desert, however, the breakdown of
bedrock material is caused by salt contained in the
coastal fog and derived from the marine environment.
Dunes and flat sand plains are morphological features
dominant in the Kalahari and the Namib Desert.

Soils are classified according to their properties, such
as the composition, degree of weathering and water
retention properties. The United Nations Food and
Agriculture Organisation’s (FAO) soil classification
system, which is widely used internationally, is also used
in Namibia. The classification of soils is based on soil
properties that depend on the horizons, properties and
materials, as well as the processes that formed the soil.
There are 32 different soil groups.

According to the Food and Agricultural Organisation’s
soil classification system, out of the 32 major soil groups
the following occur in Namibia:

Arenosols, Calcisols, Cambisols, Fluvisols, Gypsisols,
Leptosols, Luvisols, Regosols, Solonetz and Solonchaks.

By far the most common soils in Namibia are Arensols,
Regosols, and Luvisols. Their main characteristic
features include a high sand stratum, low nutrient
content, low organic content, alkaline pH-conditions
typical for arid climate conditions with high evaporation
rates, as well as high salinity.

Alarge variety of different soil groups such as Cambisols,
Gypsisols, Luvisols, Regosols, Solonchaks and Solonetz
occurs within the coastal zone, the Namib and the
Kalahari areas, whereas the central mountainous
plateau, between the Namib and the Kalahari Basin,
is mainly dominated by Leptosols and Regosols. Along
Namibia’s permanent rivers, i.e. the Okavango, Zambezi,
Kunene, Kwando-Linyanti-Chobe and the Orange Rivers,
Fluvisols are common at various levels adjacent to the
rivers on terraces and floodplains. The following map
shows the distribution of soils throughout Namibia.
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(Source: Ministry of Environment and Tourism, 2002)
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* Cambisol near Ogongo
(Source: M Schneider, 2009)

Arenosols are formed from wind-blown sand and
usually extend to a depth of at least one metre. Sand
usually makes up 70% of the soil, with the remainder
being clay and silt. The sandy texture allows water to
drain through the soil quickly, leaving little moisture
for plants and their roots. Few nutrients are retained in
the porous sand. Arenosols cover much of eastern and
north-eastern Namibia.

Calcisols are found in depressions and typically contain
accumulations of calcium carbonate, which can cement
the soil underneath the surface to form calcrete. These
soils are potentially fertile, but usually lack iron and zinc.
Calcisols are often found in areas where the bedrock is
marble or limestone.

Cambisols are young soils deposited during sporadic
flooding. Since the parent material is only slightly
weathered, cambisols are characterized by the absence
of larger quantities of clay, organic material, iron and
aluminum. However, they have a good water-holding
capacity, which gives them the highest potential for
crop cultivation. Cambisols occur in the northern and
northern-central parts of Namibia. The figure above
shows the occurrence of Cambisols near Ogongo.

Gypsisols have characteristic accumulations of gypsum,
and are restricted to the very dry areas of the central
Namib. The gypsum is dissolved out of the rock and
soil, and then carried by percolating waters, before it re-
precipitates, sometimes forming the beautiful so-called
sand roses. Gypsisols generally have very low levels of
fertility.

Fluvisols occur along the larger river courses of eastern
Namibia. Some are flooded regularly, especially those
along the Zambesi River and its floodplain, while those
along the omurambas can be very dry. Some fluvisols
can be quite nutrient-rich, and are utilised by farmers in
the Kavango and Zambezi Regions.

Leptosols form in actively eroding landscapes, especially
in the hilly areas of southern and north-western
Namibia. The coarse-grained soils are characterized by
the presence of hard rock within 30 cm from the surface.
They are therefore the shallowest soils found in Namibia,
have a low water-holding capacity, and are easily eroded.
They can at best support low densities of livestock and
wildlife.
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" Land degradation next to a watering point
(Source: G Schneider, 2010)

Luvisols occur only west of Grootfontein. These clay-rich
soils have a good water-holding capacity and aerated
structure, and are hence well suited for agricultural
purposes such as crop production.

Regosols are fine-textured soils occurring in actively
eroding landscapes. Like Leptosols, they are fairly
shallow and never reach depths of more than 50 cm. The
central regions of Namibia are dominated by regosols
with a sparse vegetation cover, as they cannot provide
most plants with sufficient water or nutrients. They can
therefore also only support low-density stock farming or
wildlife.

Solonchaks and solonetzes are the most saline soils.
Etosha Pan is the only large area of solonchaks in
Namibia, while a sizable area of solonetz soils occurs
along the north-eastern border. The soils typically
form where evaporation is high, and salt therefore

accumulates. Only very specialised plants can grow in
such an environment.

A comparison between the geological map and the soil
map of Namibia reveals that the soil groups almost
follow the major geomorphological and geological
boundaries. This is not surprising, as the soils that form
in situ reflect the composition of their underlying parent
material, whereas transported soils are a function of the
geomorphology. This also explains why the soils are not
distributed evenly.

Fertile soils only form where the weathering of the
parent material allows the formation of a structure with
enough pore space to hold water, and to allow the gases
to move about. Such pore structure will also support
the organisms that live in the soil, and which are so
important for soil formation.
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The availability of water is of course also a major factor,
as it is required both for the weathering of the parent
material, and to sustain the organisms. The topography
must also be conducive for the deposition of soils. Many
of Namibia’s mountainous areas do not possess such a
favourable topography, whilst the low lying flood plains
of the Kavango and Zambesi Regions do.

Namibia’s arid environment, with its scarcity of
precipitation, is dominated by physical weathering, which
alone cannot support soil formation. Even in areas with
higher precipitation, only parent rocks that can supply
enough nutrients will facilitate the formation of fertile
soils. Another limiting factor is the evaporation rate,
which causes salts to precipitate and soils to become
saline. High salinity is not tolerated by most crops.

The cultivation of soil (anthropogenic interventions)
also plays an important role in environmental damage
to our scarce soil. Scientific and appropriate cultivation
methods can improve the fertility of the soils and such
examples exist at Hardap, Noordoewer and Stampriet.

As a result, fertile soils are scarce in Namibia, and
only occur in selected areas of the country. As it takes
thousands of years to form a proper soil profile, soils
cannot be considered a renewable resource. They
therefore need to be protected at all cost so that they
can continue to support Namibia’s agricultural sector
and all people who live off the soil.

Soil erosion and unsustainable
agricultural practices in Namibia

Namibia has seen rapid vegetation change on
rangeland due to over-grazing. Overstocking
is also often combined with deforestation,
which results in species composition change,
denudation and soil erosion, especially around
water points. Namibia‘’s north-central region
has seen a transition from scrub savannah with
perennial and annual grasses to open grasslands
with predominantly annual grasses and flowering
plants. Perennials retain nutrient value for
longer into the dry season, and the feed quality
has therefore been lost. Life stock has now
become adapted to feeding on annual grasses
over wider areas, thereby contributing to further
denudation, erosion and eventual soil loss.

" Rice plantation in the Zambezi floodplain
(Source: G Schneider, 2009)
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2.3 ATMOSPHERE

The atmosphere is made up of a thin layer of gases
that surrounds and insulates Earth. It shields us from
radiation given off by the sun and small objects flying
through space such as meteoroids. It also protects Earth
from the vacuum and cold of space and ensures that
overall temperatures remain fairly steady, especially
between night and day. It is a moving source of life and
essential for our planet’s ecology. Without it there would
be no air for plants and animals to survive and our Earth
would be as barren and dead as the moon.

The atmosphere is made up of five layers, each of which
operates differently.

The troposphere consists of about 80% of the mass of
the atmosphere and is mainly made up of nitrogen and
oxygen. This layer is heated by the Earth’s surface and
most weather is formed here. Temperature, pressure
and density of air reduce as the height (altitude)
increases. Hence, high peaks of mountains are snow
covered, even in summer and cabins of high flying jets
need to be pressurised.

Within the stratosphere, an unusual type of oxygen
molecule ozone, is abundant and heats this layer as
it absorbs energy from incoming ultraviolet radiation
from the sun. As a result, it both protects Earth by
filtering out harmful ultraviolet radiation and causes
the temperature to rise the further away you get from
Earth. Because of this, there is very little mixing of gases
which makes this layer stable. The air is dry, contains
little vapour and is roughly a thousand times thinner at
the top of the stratosphere than it is at sea level.

Very little is known about the middle layer, the
mesosphere given that weather balloons and aircraft
cannot fly at this height. It is the coldest place on Earth
where temperatures are about -90 degrees Celsius and
most meteors entering the atmosphere vaporise upon
entry. The mesosphere therefore has a relatively high
concentration of iron and other metal atoms arising
from meteorites.
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Important atmospheric definitions

Troposphere
The troposphere is the layer closest to the
surface of Earth and is about 18 km thick.

Stratosphere
The stratosphere is the second layer and
extends to around 50 km.

Mesosphere
The middle layer consists of the mesosphere
and it covers the next 30 km.

Thermosphere
The thermosphere extends from 80 km up to
1000 km.

Exosphere

Although it is estimated to go up to 190 000 km
above Earth's surface, there is no clear boundary
for the last layer of the atmosphere.

Ozone

Ozone is a gas made up of three oxygen atoms.
It occurs naturally in small amounts in the
stratosphere, and protects life on Earth from
the sun's ultraviolet (UV) radiation.

E The layers of the atmosphere

(Source: S Garrard)




CHAPTER 2 - THE NATURAL ENVIRONMENT

Question Box

Q: Where does outer space start?

A: At the edge of the exosphere at about 190 000 km
from Earth’s surface; although the exact distance
is not known as there is no clear boundary. At this
point the atmosphere blends into the vacuum of
space.

Q: Is the Aurora Borealis (Northern lights) a
climate?

A: No. It may be in the sky, but it's not related
to climate or weather.

Q: What would happen to the atmosphere if
Earth was larger?

A: The atmosphere would be denser. The
increased mass and related gravity of a larger
planet would pull those gas molecules closer
to the surface and pressure would increase.

Q: What would happen to fires if the
atmosphere’s oxygen levels changed from
21%?

A: Oxygen is essential for fires. If oxygen levels
were below 15%, nothing would ever burn. If
they were to rise above 25%, fires would become
fierce and easily started. Vegetation would never
reach maturity under these conditions.

Strange, high altitude clouds called ‘noctilucent clouds’
or ‘polar mesospheric clouds’, sometime form near the
poles and are much higher up than other types of clouds.
Electrical discharges akin to lightning occasionally
appear.

Within the thermosphere the air is so thin and gas
particles collide so infrequently, they become separated
based on their chemical composition. Energetic
ultraviolet and X-ray photons from the sun also break
apart these molecules. Temperatures in this layer can
reach highs of 2 000 degrees Celsius and are strongly
influenced by solar activity. The Space Shuttle and the
International Space Station both orbit Earth within the
thermosphere.

The last layer of the atmosphere as it gradually fades into
the vacuum of space is the exosphere. At this distance,
radiation pressure from sunlight exerts more force on
hydrogen atoms than the pull of gravity. A faint glow of
ultraviolet radiation scattered by hydrogen atoms has
been detected by satellites at heights of 100 000 km.
This UV glow is called the ‘geocorona’. Molecules of gas
move in curved ‘ballistic trajectories’ rarely colliding and
eventually being pulled back by gravity. However a small
proportion is being lost and the atmosphere is slowly
leaking into space every year.

The air we breathe is mainly made up of nitrogen (N,)
(78%) and oxygen (0,) (21%). The remainder consists
of argon, carbon dioxide, neon, helium, and hydrogen.
The composition of the present day atmosphere is very
different from that of early Earth. Originally it consisted
of carbon dioxide (CO,) and water vapour, probably
arising from volcanoes. When Earth cooled the water
vapour condensed to create the hydrosphere (oceans
and lakes).

The carbon dioxide reacted with calcium and magnesium
to produce limestone and vast deposits of this rock
precipitated in the sea, greatly reducing the CO, content
in the atmosphere. This early atmosphere cannot be
measured directly so scientists look for indirect evidence,
such as the chemical make-up of rocks and the earliest
single-celled fossils.

Some fossils suggest early organisms used the process
of photosynthesis to use carbon dioxide and release
oxygen. This meant carbon dioxide levels went down and
oxygen levels went up.

The layers of the atmosphere are not separated but
interact with each other as the gases circulate around
the planet. This movement of molecules helps to form
our weather patterns and climate. It is important to
remember that this constant mixing maintains a stable
system with respect to temperatures and oxygen levels
that helps organisms to survive and limits possible
extremes on Earth. There is no single climate on Earth.
Instead there are many specialized climatic regions and
these are linked through the atmosphere. Climatologists
study weather patterns over decades and even centuries
to understand the way a climate is supposed to behave.
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E Aurora Borealis visible in Alaska

(Source: travelandleisure.com)
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: Hitrogen Composition of Air
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Like the oceans, Earth’s atmosphere has waves

that move energy around and create winds.

Charged particles (electrons, protons, and ions)
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exciting them into higher energy states. These
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Since the beginning of time, people have told :
stories to explain these natural, but mysterious,
occurrences. The Vikings thought they were
caused by the shining weaponry of immortal
warriors. The Alaskan Inuit people believed the (Source: slideshare.net)
lights were the souls of salmon, deer and other

animals. The Menominee Indians thought the

lights were the torches of giants living in the

North.

: Composition of air
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The typical climate of Namibia is characterised by a
rainy season in summer and a winter season without
rain, except for a small amount of rainfall in the south.
As the country lies roughly between 17° and 29° south
of the equator and along the south western coast of the
African continent, the climate is influenced by three
major climatic systems. These are the Intertropical
Convergence Zone (ITCZ) that lies to the north of
Namibia, High Pressure Subtropical Zone (HPSZ) that
lies to the west of Namibia over the Atlantic Ocean and
the Low Pressure Temperate Zone (LPTZ) that lies to
the south of Namibia between the southern tip of Africa
and Antarctica.

These three systems move during the year in response
to the position of the sun and therefore affect different
parts of Earth. They shift south when the southern
hemisphere heats up in summer and return north when
it cools again in winter.

Namibia's climate is directly affected by the ‘struggle’
between the ITCZ and HPSZ. The ITCZ feeds warm moist
air from the north, while the HPSZ pushes this air back
with dry, cold air. Generally it is the high pressure zone
that ‘wins' and gives Namibia’s climate its distinctive dry
weather.

Within this high pressure zone there are two particular
high pressure cells. These are the South Atlantic
Anticyclone (SAA) situated out at sea and the Botswana
Anticyclone (BA) located over the interior of Southern
Africa. The SAA causes winds to blow up the Namibian
coast from the south and south-west. These strong
winds drive the cold waters of the Benguela Current
northwards, as well as blowing sand off the beaches
and inland to form the barrier of the Namib sand dunes.
While the SAA dominates air movement over the coast,
the BA controls air movement in the interior.

In summer as the ITCZ moves south-wards, it means
that the winds of the SAA are less effective at blocking
the moist tropical air. Because of this, most rain in
Namibia falls during summer. In particular areas in the
north of Namibia (Okavango) receive large amounts of
rainfall (annual average of 550 - 600 mm).

Important climatic definitions

Climate and Weather

Weather refers to the day-to-day temperature
and precipitation activity, whereas -climate
is the term for the averaging of atmospheric
conditions over longer periods of time.

Intertropical Convergence Zone (ITCZ)

The ITCZ is a broad band of air that encircles
the Earth at the equator. It is where moisture
bearing trade winds from the northern and
southern hemispheres meet and giant clouds
heavy in rain are typical in this zone.

Subtropical High Pressure Zone (SHPZ)
The SHPZ lies south of the ITCZ and is a band of
dry air dominated by cells of high pressure.

South Atlantic Anticyclone (SAA)

This is a stable and powerful high pressure cell
which causes descending air to spiral outwards
in an anti-clockwise direction.

Botswana Anticyclone (BA)
The BA high pressure cell that occurs inland
predominantly over Botswana.

Temperate Zone

This zone wraps the bottom of Earth in another
broad band of moist air. The main winds are in
a westerly direction and carry a number of low
pressure systems and cold fronts from west to
east, which affect southern Africa in winter.

Coriolis force

It is an inertial force (also called a fictitious
force) that acts on objects that are in motion
relative to a rotating reference point.
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In winter, however, the ITCZ and SHPZ are
further north and the air is dry. Cold fronts
sweep across the South Atlantic and Indian
Oceans bringing rain to the southernmost tip
of Africa. This does extend to southern Namibia
where winter rains are typical in the Tsau//
Khaeb (Sperrgebiet) National Park. B prissurl
subtropical rone

High pressure
subtrapical rone
As a person travels from the north-east to the
south-west of Namibia it is clear that there is a
rainfall gradient. This clearly shows that most
rain bearing clouds are fed into the country
from the north easterly winds and less moisture
remains in the atmosphere the further west
and south you travel.

Lowr pressure temperate ppne

" Three major climatic systems affecting Namibia’s climate

(Source: P Heyns)

o

The HFSE pushed the ITCZ north-sastwasds Thia LPTZ cald front owver the southarn tp of Africa

The movement of the ITCZ and its influence on the climate

(Source: P Heyns)
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Namibia, like the Sahara Desert has the most variable
rainfall in Africa. Frequent shortages as well as
flooding are normal. Slight changes to the position
of the three major climatic systems (the Intertropical
Convergence Zone, the Subtropical High Pressure Zone
and the Temperate Zone) can influence the amount and
frequency of the rainfall.

Attempts are made to predict the rainfall conditions in
Namibia by observing global scale phenomena such
as the sea surface temperatures in the equatorial
Pacific Ocean close to the South American continent.
When these temperatures decline, it is referred to as
a ‘La Nina’event and better possibilities for rainfall are
predicted for Namibia. When the temperature increases,
an 'El Nino’event may occur and drought conditions can
be expected in Namibia.

Wind is a dominating feature of the Namibian coastal
climate. Itis strongly influenced by the SAA which acts as
giant fan, blowing air out of its high pressure in a north-
easterly direction towards the south-west coast of Africa.
The Coriolis force then deflects the air northwards. The
winds bring cool air which characterises the relatively
temperate and foggy climate along the coast. These
winds also cause upwelling cells along the coast which
are nutrient rich and provide Namibia with its rich fishing
resources.

The winds inland are less prominent. However, during
winter the BA prevents moist air from flowing in from
the north and results in substantial differences in air
pressure between the interior and the coast. Hence
strong, warm east winds develop, reaching speeds of 50
to 60 km/h. These travel westwards towards the coast
and carry large quantities of dust and sand.

" Fog at Chamais Bay
(Source: G Schneider, 2010)
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Important climatic definitions

Desertification

This process is the impoverishment
of arid, semi-arid and some sub-
humid ecosystems by the combined
impacts of man’s activities and
drought.

Arid and semi-arid areas

An area that receives less than
250 mm of rain is described as
arid whereas an area that receives
between 250 mm and 500 mm of
rain a year is semi-arid.

: East wind storm at Gobabeb in the Namib Naukluft Park, about

100 km east of Walvis Bay

(Source: J Henschel)

Climate change is as old as the atmosphere itself. It
is indisputable that climates have changed radically in
the past in southern Africa; and it is certain that they
will change again in the future. Periods of warmth and
cold, drought and flood, famine and plenty have occurred
repeatedly in the past. At least three major ice ages are
known to have affected southern Africa; each lasted
several million years. Between the ice ages, considerably
warmer conditions prevailed.

Since the turn of the century, approximately 9-year
spells of either predominantly wet years, with above
normal rainfall; or predominantly dry years with below
normal rainfall, have occurred. These spells have
affected most of southern Africa, although not always in
the same time or region. In general the dry spells have
been more persistently dry then the wet spells wet. The
living habits of millions of people have had to adjust to
these varying conditions, particularly rural populations,
who rely primarily on natural resources for subsistence
livelihoods.

This is particular to areas where great demand is placed
on natural resources such as food, water and energy. The
balance between supply and demand can be seriously
affected by small changes to climate. Such areas often
occur on the margins of deserts or in subtropical semi-
arid areas which are prone to droughts. Southern Africa
falls within this area and much of the subcontinent
is prone to desertification that may be triggered
by drought. Namibia, given its arid environment, is
considered the seventh most vulnerable country in the
world to the effects of climate change.

Although climate change is a natural phenomenon,
there is clear evidence to indicate that recent climate
change increases are due to human-induced causes;
namely the release of carbon dioxide and other
greenhouse gases. Climate change, greenhouse gases
and the impact of global warming are discussed in
further detail in Section 2.6.
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2.4 HYDROSPHERE
2.4.1 HYDROSPHERE - FRESHWATER

The water cycle is driven by the energy from solar heat
and the weather systems as described in Chapter 2.3.
The heat of the sun evaporates water from the surface
of the ocean and the invisible water vapour cools as it
rises. The rising water vapour may remain invisible or
condense into clouds at altitude. At the same time the
sun also heats the land and hot air rises. The cold air
over the ocean is at a higher pressure than the hot air
over the land. This difference in air pressure causes
wind to blow from the high to the low pressure area and
moves the air mass over the ocean to the land where
the moisture in the air is precipitated as water;, or hail
Oor snow.

Once the precipitation reaches the ground, the force
of gravity takes over and the water may run off on the
surface or infiltrate into the ground. Some water may
also evaporate back into the atmosphere. Surface runoff
flows downhill and accumulates in rivers flowing into the
ocean or in surface water bodies such as lakes, wetlands
or dams. Water that infiltrates into the ground percolates
backto the sea undergravity oritaccumulatesin aquifers
and becomes available as groundwater, or it remains as
soil moisture which is used by the vegetation. When the
vegetation uses the soil moisture, the water is released
back into the atmosphere through evapotranspiration.

Most rainfall in Namibia falls from the beginning of
December to the end of March and precipitation occurs
by means of scattered thunderstorms which can be very
intense, but of a short duration.

Water cycle

(Source: P Heyns)
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The rainfall is low, variable, erratic, unreliable, spatially ik "l
unevenly distributed across the country and extremely 1
difficult to predict accurately. Rainfall in arid regions is e [l WORCHE
not only low, but variable, because there can be a huge ] I
deviation from the average. In some cases the actual 1

rainfall in a good rainy season can be two times the 2t
average or half of the average in a poor rainy season.
When rainfall occurs, it is usually unevenly distributed

across the land and it may happen that there is a high

|

intensity rainstorm at one place and no rainfall at . .l"-_ A
another, possibly only five kilometres away. -

The mean annual rainfall varies between zero along the " Deficit between annual rainfall and evaporation
coastline on the Atlantic Ocean to about 700 mm in the (Source: P Heyns)

north-eastern Zambezi Region. The average mean annual

rainfall over the whole country is 250 mm/a and in theory,

the total precipitation is estimated at about 200 km?/a.

Evaporation varies between 3 700 mm/a in the south to
2 600 mm/a in the north. Over most of the country, the
potential evaporation is at least five times greater than
the average rainfall. This is the cause of aridity and the
reason why Namibia is the most arid country south of
the Sahara. From a hydrological point of view, Namibia is
a truly dry, water deficit country.
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These conditions make the occurrence of rainfall
unreliable and it is therefore difficult to predict the
rainfall conditions that will prevail during a rainy season.
This causes an uncertainty about the expected availability
of water for agricultural purposes such as dry land crop
production and stock farming, as well as for domestic,
industrial and mining use.

In order to provide an indication of what the effect of low
rainfall, aridity and water scarcity in Namibia means, the
mean annual rainfall information has been translated
into a water balance model to illustrate the situation.

It is estimated that after a rainfall event, on average, 83%
of the precipitation on the ground is immediately lost to
evaporation. Only 2% of the rainfall ends up as surface
run-off into the rivers and 1% infiltrates into groundwater
aquifers. The 14 % balance of the rainfall infiltrates the soil
and is available to be used by the vegetation to produce
biomass while the water is productively lost back to
atmosphere through evapotranspiration.

This theoretically means that of 100 drops of rain, only
17 drops are available as surface water which could be
impounded indams, or groundwater that canaccumulate
in aquifers and as soil moisture that becomes available
for the plants. This water is not much, but critical to
support socio-economic uses such as domestic, animal,
industrial and mining water supply, irrigation, power
generation, recreational uses and biodiversity. The
following table provides a summary of the water balance

of Namibia.

USE | BALANCE(%) | VOLUME (hm)
Direct evaporation 83 166
Evapotranspiration
by vegetation L 2
Runoff in rivers 2 4
Recharge to 1 2
groundwater

Water balance in Namibia
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The 14% portion of the rainfall that infiltrates the
parched soil after the dry season is utilised by the
naturalvegetationandis therefore of criticalimportance
to sustain stock farming, dryland crop cultivation and
the preservation of biodiversity. In this regard it is
important to know that when overgrazing has denuded
the landscape of grass, there is no vegetation that can
use the rainfall to generate biomass and the water just
runs off unused or evaporates. It is therefore wise to
practice good grazing management in order to preserve
the grass cover so that biomass can be generated for
sustainable and economic stock farming. The farmer
should consider to: “First farm with grass rather than
to farm with cattle”.

In an arid country like Namibia, low rainfall is not only
expected, but the norm. Rainfall is also very difficult to
predict in arid climates because there is in any case a
huge natural variation in local precipitation. When a
weather forecast is made, the probability or chance that
it may rain at a certain place in the country is normally
given as a percentage. If it is for example predicted that
there is a 40% probability of rainfall over Okahandja,
one can also argue that there is a 60% probability of
no rainfall. If a 40% probability for rainstorm occurs, it
is also not really possible to predict exactly where the
rainstorm will occur or how much rain will precipitate.

It is well known that the country is technically in a
continuous low, average summer rainfall situation. High
and low rainfall seasons occur on a periodic basis and
there may be some rainy seasons with above average
rainfall and very few with exceptionally high rainfall.
Many people may think that there was a drought when
the average rainfall has actually precipitated, but a
drought is a relative phenomenon which refers to
exceptionally low rainfall conditions during a number of
successive rainy seasons.

Drought is therefore something to be expected and
must be managed, but in rare occasions, when below
average rainfall conditions are so severe or protracted
that they are beyond what can reasonably be dealt
with in terms of normal drought risk management
practices, a disaster drought can be declared. In such
cases, State intervention is considered justified to
introduce drought relief measures.
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The type of droughts in Namibia can be classified into
two main groups. These are referred to as a hydrological
drought and an agricultural drought.

A hydrological drought occurs when the total
precipitation during the rainy season is according to the
expected average or more, but there was very little or no
runoff in the rivers and therefore no water that could be
impounded in a dam. A hydrological drought can also be
subdivided into a rainfall drought and a runoff drought.

A rainfall drought occurs when there is either too little
(or no) rainfall in the catchments of dams or when the
average rainfall (or better) falls, but the intensity of the
rains is so low that no or reduced runoff events occur.

A runoff drought can occur when there is not enough
rainfall in the catchments of the major dams to cause
sufficient runoff from the rivers into the dams. A runoff
drought can also be caused by the recovery of vegetation
after the previous rainy season, or when initial light rains
at the beginning of a rainy season do not cause runoff
events, and by the time heavier showers occur later
during the rainy season, less water runs off because
the increased vegetation cover holds the water back. A
runoff drought in the catchments that yield water for the
major dams in Namibia can lead to a water crisis.

An agricultural drought refers to the failure of rain
fed crop cultivation or the poor condition of the natural
vegetation available for grazing as a result of generally
low rainfall during a rainy season, or where average
rainfall or better occurred, but the rain fell too early or
too late to be of value during the optimal growing season.
Hence the length of the rainy season and the spread of
rainfall events during the rainy season in relation to the
growing season are therefore critical for successful
crop production and grazing. The rainfall frequency is
also important for crop production because most arid
countries have only between 20 to 60 days per year when
rainfall occurs.

An unfortunate aspect about an arid climate is that it
is virtually impossible to predict the outcome of a rainy
season. The prediction of crop yield is seriously affected
by these erratic climatic conditions and has a major
influence on staple food production.

The best approach for farmers is perhaps to use their
experience and intuition. It is better to prepare the land
and to plant after the first rains, instead of waiting to
see what will happen. This implies that there are certain
risks for the farmer and if the rains fail to come, the
government should assist those farmers to recover
their production losses. However, a government can
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Perennial and
ephemeral rivers of
Namibia

(Source: P Heyns)

similarly also not take such a risk as far as the national
food supply is concerned and has a responsibility to
make contingency plans to ensure that a secure supply
of staple food will be available in case of a crop failure,
even long before the onset of a rainy season.

All water resources come from rainfall and in
Namibia a distinction is made between four types
of water resources. These are perennial surface
water, ephemeral surface water, groundwater, and
unconventional water sources.

Perennial surface water is runoff in rivers or fountains
flowing out on the surface throughout the year. Although
the flow is perennial, itis also seasonal in nature because
the flow is higher during the summer rainy season than
in the winter. There are no perennial rivers in the interior
of Namibia and the only perennial river runoff that the
country has access to occurs in the perennial rivers on
the northern and southern borders of Namibia. They are:

e The Kunene in the northwest, forming the border
between Angola and Namibia, and flowing into the
Atlantic Ocean;

o The Okavango in the northeast, forming the border
between Angola and Namibia, and flowing into the
Okavango Delta in Botswana;

e The Zambezi in the far northeast, forming the
border between Namibia and Zambia, and flowing
into the Indian Ocean; and

o The Orange River, forming the southern border
between South Africa and Namibia, and flowing
into the Atlantic Ocean.

The flow in these rivers originates in the neighbouring
countries, some as far away as Lesotho, but under
international law, Namibia has an inalienable right to a
sustainable, equitable, and reasonable share in the water
of those rivers. However, the other basin states have the
same right, and the share of each sovereign state must
be negotiated between the river basin states to ensure
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that allocation of water to each state is fair and that the
environmental integrity of the rivers are not adversely
affected by overuse or other forms of exploitation.

The only perennial rivers that flow through terrain
where it is possible to build dams to store water for long
term use in the arid interior of Namibia, or to generate
hydropower, are the Kunene and the lower Orange.

While perennial river water is located on the borders
and easily accessible in the border areas, the water is
remotely located from the water users in the interior
of Namibia. This means that it must be transported
over long distances by pipelines or canals to reach
consumers.

The perennial fountains in Namibia normally originate
from groundwater flowing out on the surface and have
been an indispensable source of water during the dry
season for the indigenous peoples of the country for
centuries. Many towns in Namibia are located at places
where open water from fountains made it possible for
people to settle, for example Windhoek, Rehoboth,
Keetmanshoop, Otjiwarongo, Gobabis, Grootfontein,
Otavi and Outjo. However, the flow of water from
fountains and springs is insignificant in comparison to
the availability of water from the other sources of water.
Due to the erratic rainfall conditions in Namibia, the flow
of the rivers in the interior of the country is ephemeral,
irregular and unreliable. Therefore, dams have to be
constructed to capture this water during the rainy
season and store it for use during the whole year.

Eleven major dams have so far been constructed in the
country to utilize some of this potential. The total storage
capacity of those impoundments is about 1522 Mm?2 but
the 95% assured safe yield is only 207 Mm3/a or 13%,
which is an indication of the low efficiency of surface
water storage facilities in an arid environment.

It is estimated that the sustainable safe yield from the
dams that could be constructed on the ephemeral rivers
in Namibia to utilize the seasonal surface runoff, is at
least 200 million cubic metres of raw water per annum
(Mm?¥/a).

Due to the high rate of evaporation from open water
surfaces in dams, it is important to conserve as much of
the water available in the dams as possible. This can be
done by the following means:

e To transfer the water from dams with less
favourable evaporation characteristics to dams
with more favourable evaporation characteristics;

e to store the water from a dam underground in an
aquifer;

e touse the waterin a dam at a higher yield, or
before it evaporates, but at a lower reliability.

In many cases the rainfall causes the rivers to flow,
but the runoff is not enough to reach a dam or to flow
into the sea and the river may even dry up on the way
because all the water infiltrated into the river bed. This
has the advantage that the water can become available
as groundwater and groundwater cannot evaporate. This
makes it possible to use surface water and groundwater
on a conjunctive basis.

The occurrence of groundwater in Namibia is
broadly associated with six types of hydrogeological
environments.

These are alluvial aquifers, porous sediments,
carbonate rocks, secondary structures in sedimentary
or crystalline rocks and volcanic intrusions. The
magnitude, recharge potential and supply capacity of
the groundwater sources depend on rainfall and the
hydrogeological conditions while the quality of the water
is affected by the geology and the age of the water.

The adverse climatic conditions also make groundwater
a very scarce resource. More than 150 000 boreholes
have been drilled in Namibia to find water and to
understand the hydrogeological environment. About
60% of the boreholes drilled are suitable for the purpose
for which they have been drilled and can be considered
successful. The number of boreholes in use in Namibia
today is about 40 000 and about 45% of the water used in
the country comes from groundwater. It is estimated that
the sustainable safe yield of the useable groundwater
sources in the country is at least 300 Mm3/a.

46 ENVIRONMENTAL AWARENESS FOR SUSTAINABLE DEVELOPMENT - A RESOURCE BOOK FOR NAMIBIA



CHAPTER 2 - THE NATURAL ENVIRONMENT

The totalassuredyield of both surface and underground
water resources, excluding the perennial rivers, is
estimated at only 500 Mm?%/a.

There are a number of unconventional methods to
conserve water which is seen as an additional source of
water that does not have to be supplied from new water
and is therefore regarded as unconventional water
resources. These are:

e The recycling of water in industrial and mining
processes;

o the reuse of water for industrial or irrigation
purposes;

e the reclamation of domestic sewage effluent to
potable water quality standards;

e the conjunctive use of surface water and
groundwater;

o the artificial recharge of groundwater resources
with surface water;

e the banking of treated surface water in depleted
aquifers, also referred to as managed aquifer
recharge;

e the use of pumped storage dams;

e The use of storage dams off the rivers;

e the desalination of brackish groundwater or sea
water; and

e Water demand management.

When water is recycled, water that has been used in an
industrial or mining process or in a thermal power plant
is reused without improving the quality of the water
before it is used again.

When water is reused, waste water or domestic sewage
effluent is treated and disinfected to achieve a quality
that allows the water to be reused for watering sport
fields or public gardens and it is also possible to release
the water back into a natural stream.

When water is reclaimed, waste water or domestic
sewage effluent is treated and disinfected to achieve
potable water quality, which means it is fit for human
consumption.

It is estimated that the existing facilities producing
unconventional water resources can yield at least 15
Mm3/a, but there is much more potential still to be
developed. Other options which have been investigated
in Namibia are rainwater harvesting, fog harvesting
and weather modification, but these have only limited
applications and are generally considered to be of no
major economic value. Public water awareness to save
water, to practice water conservation and make more
efficient use of water are all seen as additional measures
to stretch the availability of existing water sources.

Public gardens in Swakopmund are irrigated with
semi-purified water
(Source: G Schneider, 2017)

The Windhoek Water Reclamation Plant reclaims
potable water from domestic waste water

(Source: Wingoc])
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2.4.2 HYDROSPHERE - OCEANS

Oceans compose much of the planet's hydrosphere
and cover almost 71% of Earth’s surface. Despite this,
oceanographers have shown that less than 5% of the
oceans have been explored.

As the world ocean is the principal component of Earth’s
hydrosphere, it is integral to all known life, forms part
of the carbon cycle, and affects climate and weather
patterns. The world ocean is the habitat of 230 000
known species, but because much of it is unexplored,
the number of species that exist is likely to be much
larger, possibly over 2 million. The origin of oceans
remains unknown. They are thought to have formed in
the Hadean period and may have been the impetus for
the emergence of life.

There are five oceans covering the planet, namely the
Pacific, Atlantic, Indian, Southern (Antarctic), and Arctic
Oceans. Southern Africa is bordered by the Atlantic
Ocean to the west and the Indian Ocean to the south and
east.

The Benguela Current is one of several large, cold
currents that flow along the western margins of the
world's continents. It flows northwards along the western
boundary of Namibia at a speed of between 400 and
1 000 m per hour, and together with the South Atlantic
Anticyclone strongly influences weather patterns along
the coast. It is fed by the South Atlantic Ocean and via the

Agulhas Current of the south coast of South Africa.

The Angola - Benguela Front forms the northern limit
of the current, generally near the mouth of the Kunene
River. To the west lies the continental shelf about 150 km
off the coast (at a depth of 200 m).

Windsareone ofthe main physicaldrivers of the Benguela
Current, both on an oceanic scale, generating the heavy
south-westerly swells that are typical of our coastline,
and locally, through the northward-flowing long shore
currents which deposit large amounts of sediments
along the coast. The water is swept away from the shore
due to winds driven by the South Atlantic Anticyclone
and the effects of the Coriolis force. Upwelling cells
form behind these offshore flows due to deep water
rising to replace the surface water. These cells are rich
in inorganic nutrients; the major contributors being
nitrates, phosphates and silicates.

Groups of drifting microscopic plants, called
phytoplankton, consume the nutrients once they reach
the sunlit surface.

These plants serve as the basis for a rich food chain
which ranges from minute animals called zooplankton
right up to pelagic baitfish (e.g. anchovy, pilchard,
round-herring), demersal fish (hake, orange roughy,
monkfish), predatory fish (snoek), mammals (e.g. seals
and dolphins] and seabirds (e.g. African penguins,
cormorants, pelicans, terns and others).

Shoal of sardines being
chased by a whale
(Source: Michael AW, medium.com/

vantage)
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These nutrients and associated blooms of phytoplankton
support some of the highest concentrations of
zooplankton and other marine life found in the world,
hence providing the Namibian coast with exceptionally
rich fish and marine resources. The Liideritz Cell is
the most important and largest of the upwelling areas.
From these, the northward flowing Benguela distributes
the nutrients up the coast. Smaller upwellings also
occur along the coast at Cape Fria, Palgrave Point and
Conception Bay.

The value of the fish resource has varied over the years.
The reason for this is complex but there is consensus that
this is due to overfishing, often by illegal fishing vessels
from other countries, as well as changes to the plankton
populations. Namibia now has an exclusive economic
zone extending 200 nautical miles (equivalent to about
370 km) off the coast to protect its marine resources.

Although the Benguela is generally a cold current, water
temperatures along the coastline do vary a good deal
during the year. The coldest water is in the south and
close to the coast, especially in the area of the Liideritz
Cell upwelling. Cold water spreads north during the
winter as a result of the stronger south westerly winds,
while relatively warm, salty and nutrient poor water from
the Angola Current pushes south in the summer.

Important oceanic definitions

Demersal
Deep water species that occur at the sea
bottom far off the coast.

Pelagic

A group of fish that inhabits the water column
(not near the bottom or the shore) of coasts and
open oceans. They occur closer to the shore
and water surface than demersal species.

Phytoplankton

Phytoplankton are microscopic organisms
that inhabit the upper sunlit layer of almost
all oceans and bodies of fresh water on earth.
They create organic compounds from carbon
dioxide dissolved in the water, a process that
sustains the aquatic food web.

Dinoflagellate

Dinoflagellate is a large group of flagellate
eukaryotes (single celled organisms). Most are
marine plankton, but they are also common in
freshwater habitats.
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The above figure shows the variation in average sea surface temperatures from January 16
to December. The maps show how the offshore water west of the coast is much warmer 17
than the cold inshore water that has welled up from the depths. 18

19
It is important to note that sea temperatures have increased more over the past 30 years . 20
at the northern and southern ends of the Benguela area than in the central regions. 21
Increases at the edges have been between 1 and 1.5°C whereas in the central area they 2

were less than 0.5°C. ’3

24
The salinity of the water is also known to vary. On average it consists of 6 g of salt in a . 5

litre of water. The northern, warmer water tends to be more saline, while the converse

is true for the southern cold water. Both, temperature and salinity, affect the density of
water and hence impact flows, as water will move from zones of higher to lower density.

Other than man made threats, there are various natural events that interrupt or limit
biological production along the Namibian coast. The most severe of these are the
Benguela Niilo events which result when the warm water from Angola sometimes
persists much longer than normal. This warm water reduces the upwelling and limits
the availability of oxygen in the water. In addition, in areas of high productivity, excessive
amounts of phytoplankton and zooplankton can strip all the available dissolved oxygen,
and leads to mass mortality of these organsims.

This phenomenon associated with the Benguela system phenomenon is called the
black tide. Subsequent anoxic (without oxygen) decomposition of the organic material
by sulphur reducing bacteria can result in the formation and release of methane and
hydrogen sulphide from the sea bed. These eruptions can have a devastating effect on
marine animals given that hydrogen sulphide is a respiratory poison.

Methane release is also of concern as it is @ major greenhouse gas. During black tides

the sea water is brown, yellow froth can be seen on the beaches and a strong smell of
‘rotting eggs' is noticeable along the Namibian coast.
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Red tides, also known as harmful algal blooms, can
extend over several square kilometres of ocean and
are caused by blooms in a marine plankton group
called dinoflagellate. Some of these species are toxic
and result in extensive mortalities of shellfish and
fish through direct poisoning. During these events,
thousands of lobsters are seen walking out of the sea
due to the lack of oxygen.

Since the breakup of Gondwana some 132 million years
ago, the coastline of Namibia has undergone many
changes. Sea levels have varied from around 400 m
below to more than 400 m above current levels. When
the coast was 400 m below current levels, it extended
Namibia’s land surface westwards for kilometres. The
cobble and boulder deposits found on the edges of
beaches can be attributed to sea levels around 5 000
years ago being about 1.5 m above today’s level.

The floor of the south East Atlantic Ocean bears scars from
the breakup of Gondwana and separation of the Namibian
and Brazilian coasts. The Walvis Ridge is an underwater
mountain range made up of magmatic rock, that extends
southwest of Cape Frio for 2 500 km towards the mid-
Atlantic Ridge. The ridge rises over 3 000 m above the
sea bed. Two islands namely Tristan da Cunha and Gough
Islands form part of the Walvis Ridge and rise above the

Crayfish trying to escape
the water during a red
tide event

(Source: BCLME)

" The Walvis Ridge occurring off the coast of
Namibia
(Source: Robertson et al., 2012)

water surface. The mid Atlantic ridge marks the line along
which the drifting continental plates continue to part. The
Walvis Ridge divides the Walvis Basin to the south from the
Namibe Basin in the north, forming a major barrier to the
circulation of deep oceanic waters.

ENVIRONMENTAL AWARENESS FOR SUSTAINABLE DEVELOPMENT - A RESOURCE BOOK FOR NAMIBIA 51



CHAPTER 2 - THE NATURAL ENVIRONMENT

Beneath the waves of the South Atlantic, the topography
is complex. Immediately offshore we find the continental
shelf. This is about 140 km wide for the majority of the
coastline narrowing to 30 km near the Angolan border,
and extending further out at the Orange River mouth.
West of the shelf edge, the sea floor drops to the abyssal
plain which can reach depths of more than 5 000 m. The
ocean floor is covered in sediments of various kinds and
origins. The continental shelf is dominated by sand and
muddy sand. Mud predominates in deeper waters west
of the shelf edge, as well as closer inshore near some of
the river mouths.

Namibia’s coastline is 1 570 km long and consists of 54%
sandy beaches, 28% mixed sandy and rocky shores, 16%
rocky shores and the remaining 2% are lagoons. Coastal
zones are generally areas of high energ and dynamic
environments, where tides and storms constantly alter
the shape and form of the shore. Although the Namibian
coast does not experience substantial tidal differences,
the high winds and storms that frequently batter it
ensure that it is constantly changing and therefore a very
dynamic coastline.

The effects of the southerly winds and the Benguela
Current and associated long shore drift are clearly
seen through the formation of the north facing spits of
Sandwich Harbour, Walvis Bay and Baia dos Tigres north
of the Kunene River mouth in Angola. Many of these
coastal spits are associated with the mouths of ancient
rivers. The shape, direction and width of these spits have
changed substantially over time. The following figure
shows the change to the Walvis Bay spit between 1973
and 2010.

Depth (metres)

100 % :
Chvidn .
2500

" Water depths along the Namibian coast (the edge
of the continental shelf is shown as a dotted line)
(Source: Robertson et al., 2012)

5 Changes to Walvis Bay spit between 1973 and 2010
(Source: Robertson et al., 2012)
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" Sandwich Harbour
(Source: M Pfaffenthaler, 2009)

2.5 BIOSPHERE

The biosphere is Earth’s self-regulating zone of life. It
is where all living beings interact with each other and
the world around them, including the other spheres
(i.e. lithosphere, hydrosphere, and atmosphere). It
represents all the ecosystems of the world linked
together. Other planets in our solar system have an
atmosphere, hydrosphere and lithosphere, but as far as
is known, only Earth boasts a biosphere. Whilst the entire
biosphere is connected, it is often easier to understand
how the environment operates if it is broken down into
smaller parts. One way to do this is to divide Earth into
geographic zones called biomes.

A biome is an area on Earth that shares similar plants
and animals, as well as climatic (such as temperature
and amount of light) and abiotic features (such as soil
and water availability). Not all scientists classify biomes

in the same way. Some use broad classifications based
on the effects of temperature and rainfall on vegetation
and suggest that there are only six biomes on Earth,
namely forest, grassland, freshwater, marine, desert, and
tundra. Other scientists use more precise classifications
and list dozens of different biomes. For example, they
consider different kinds of forests, such as rain forests
and temperate forests to be different biomes.

Boundaries between biomes cannot be defined precisely
and there are usually transition zones between biomes,
e.g. Walvis Bay and Sandwich Harbour lagoons are
transition zones between terrestrial and aquatic biomes.
Biomes also move as a result of climate changes over
time. Ten to twenty million years ago, Namibia had
a much higher humidity, with many more rivers than
today, so the vegetation would have been quite different.
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A biome is different from an ecosystem. A biome is
usually made up of many ecosystems. For example, an
aquatic biome can contain ecosystems such as coral

Important ecological definitions

Biome
reefs and kelp forests. Namibia has 4 terrestrial (land) A biome is an area on Earth that shares similar
biomes, namely Tree and Shrub Savanna, Nama Karoo, plants and animals, as well as climatic (such as
Namib Desert and Succulent Karoo, and 2 aquatic temperature and amount of light) and abiotic

biomes, fresh water, salt pans and lakes, (where Etosha features (such as soil and water availability).

pan is the only aquatic biome) and the marine biome. .
Vegetation type

A  plant community with immediately
distinguishable characteristics based on and
named after the apparent dominant plant
species.

Endemism: When a species is unique to
a defined geographic area and is usually
restricted to that area.

Ecosystems
An ecosystem is the interaction of Lliving

organisms with each other and the non-living
aspects of the environment (air, water and
mineral soil), to form a system.

Habitat

A habitat is an ecological or environmental
area that is inhabited by a particular species of
animal, plant, or other type of organism.

Niche

An ecological niche is the part of the
environment into which a species fits, and to
which it is adapted.

Biodiversity is a term that refers to the variety
and variability of animals, plants and other
organisms (such as bacteria and fungi) that are
found on Earth. It also looks at the differences
within species (i.e. variability in different
populations and individuals), between species,
and between ecosystems.

" Hoodia species are endemic to the arid regions
of south-western Africa
(Source: G Schneider, 2009)
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TERRESTRIAL BIOMES IN NAMIBIA

Tree and shrub savanna:
Acacia Savanna

Annual rainfall of 250-400mm;
dominated and characterized by a wide variety of grass species
and acacia species such as camel thorn and blackthorn;

e supports a high concentration of various species which
are endemic to the region, and supports large plains game
including herd animals and predators; L

e contains the headwaters and catchments of most ephemeral
rivers in Namibia;

e vulnerable to inappropriate management and over-use e
resulting in desertification and bush encroachment; B t

e nine vegetation types in this biome. . il LA

Tree and shrub savanna:

Broad-leafed Savanna

Annual rainfall of 450-700mm;
high species diversity, especially at the interface with the
wetland;

e deciduous tree species are characteristic including Zambezi
teak, mopane and wild seringa;

e high numbers of large mammals are present including 70%
of Namibia’'s elephant population and the majority of the
buffalo and hippopotamus populations;

e important to trans-boundary cooperation as ecosystems are
shared and species move across national boundaries;
forest fires are a common occurrence in this biome;
eight vegetation types found in this biome.

Nama Karoo

e Annual rainfall is 100-200mm;
dominated by dwarf shrubs, yet characterized by high variety
of plant species due to varied lithology;

e harsh climate with large seasonal and daily temperature
variations;

e sensitive to over-grazing and degradation which can lead to
desertification;

e seven vegetation types in this biome.

Succulent Karoo

Characterised by winter rainfall and fog;
dominated by a single vegetation type, made up of succulent
shrubs and dwarf shrubs;

e greatest plant diversity in Namibia is found in this biome due
to a variety of habitats;

e many endemic plants found in this biome.
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Desert Biome

Low rainfall (less than 50mm annually), and lack of surface
water;

sparse vegetation dominated by annual grasses and dwarf
shrubs;

large habitat diversity including mountains, gravel plains,
sandy seas;

coastal fog plays a vital role in supporting many plants and
animals and in moderating temperatures;

strong winds;

ephemeral rivers cross the biome providing linear oases
where large trees and water sources support many of the
larger mammals and animals;

systems within this biome are extremely sensitive and fragile
and prone to long-term degradation with long recovery
periods;

three vegetation types are found in this biome.

AQUATIC BIOMES IN NAMIBIA

Coastal/Marine

Characterized by the cold Benguela current which produces
a nutrient-rich upwelling system;

highly productive system which supports some of the highest
concentrations of marine life in the world;

multiple habitats including the littoral, shelf and abyssal
zones, islands, lagoons and estuaries.

Lakes and salt pans

Pans are underlain by limestone and the shallow, saline soils
limit growth of trees.;

the plains surrounding the pans are dominated by grass and

dwarf shrubs.

(AllPhotos: M Pfaffenthaler)
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50mm - 500mm 300mm - 400mm
of rain per year of rain per year

Poorly drained
alkaline soils with
high clay content

Altidude

Deep sandy soils

Sea Level

MOPANE SAVANNA CAMELTHORN SAVANNA
Dominated by Mopane Trees Dominted by Camelthorn Trees
and/or shrubs Many well known bushes
Few herb and shrub species and grasses
Low grass cover Good grass cover

Diagram showing the differences between Mopane Savannah and Camelthorn Savanna
(Source: M Pfaffenthaler)

Northern Namib
Central Namib
Southern Namib

Desert and Succulent Steppe (Winter rainfall area)

Semi-desert and Savanna Transition Zone
(Escarpmen area

Mopane Savanna

Mountain Savanna and Karstveld

Thornbush Savanna (Tree and Shrub Savanna)
Highland Savanna

Dwarf Savanna

-
o

Saline Desert with Dwarf Shrub Savanna fringe
Tree Savanna and Woodlands (Northern Kalahari)

Camelthorn Savanna (Central Kalahari)

Mixed Tree and Shrub
Savanna (Southern Kalahari)

-
w

: Vegetation types of Namibia
(Source: Giess, 1971 in Tarr (ed), 1996)
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If one drives across Namibia it becomes obvious that the
landscape within terrestrial biomes changes constantly.
The topography varies (from rivers and mountains to
broad plains and narrow valleys) and so too does the
geology and soil. This diversity in landscape gives rise
to a large variety of different vegetation types within
any given biome. It is generally accepted that there are
fourteen major vegetation categories in Namibia.

Vegetation types are determined by the dominant
and most conspicuous plants in an area. The floral
diversity in turn underpins the kinds of animals that are i
found in this area. So in this way vegetation types are : Vegetation type 4 - Semi desert and savanna

usually an index of habitat diversity. The diagram above transition zone
schematically compares two different vegetation types, (Source: M Pfaffenthaler]

namely mopane savanna and camel thorn savanna, and
indicates the different factors that result in different
plant communities growing there.

Although Namibia is an arid country, there are a number
of freshwater systems, scattered throughout the
terrestrial biomes. Collectively these are referred to as
wetlands and include springs and ephemeral wetlands
such as those found in the Namib Desert, ephemeral
rivers, the oshanas [i.e. a large, shallow pool of water
that forms during the rainy season) of northern central
Namibia, and the flood-plains of the perennial border
rivers. Altogether wetlands make up 4% of Namibia,
which is a large proportion of the landscape for such an H
arid land. : Vegetation type 1- Northern Namib
(Source: M Pfaffenthaler)

: Perennial Zambezi River 3 Ephemeral Ugab River flowing in February 2017
(Source: M Pfaffenthaler) (Source: M Pfaffenthaler)
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Seasonal, shallow,
interlinked pans with inflow
from rain and seasonal
floods

EPHEMERAL RIVER
e.g. Kuiseb, Omururu, Ugab.
Flows during times of good

- Well vegetated,
waterlogged area, little
visible open water.
Associated with peren
rivers e.g. conflue|

rainfall Okavango & Cui1@ ve
LAGOONS
e.g. Walvis Bay and
Sandwich harbour
I ROCKYSHORES
MUDFLATS

N7

ESTUARIES
e.g. Kunene Mouth.
Mix of salt and fresh water
from tidal inflows

" Different types of water systems distributed across Namibia

(Source: M Pfaffenthaler, taken from Barnard, P. (ed) 1998)

Namibia's wetlands are the country's most productive
and biologically diverse ecosystem. The diagram shows
the types of water systems distributed across Namibia.
The Etosha pan is such a large pan that it has been
designated as a biome rather than an aquatic feature
within a terrestrial biome.

The marine biome is divided into five zones, namely the
intertidal, the pelagic, the benthic, the abyssal and the
hadal.

The intertidal or eulittoral zone is where the sea meets
the land. This is the area where the water level is forever
changing between high and low tide marks. The animals
and plants that have adapted to live in this zone are

different from other marine organisms as they have to
cope without water for at least half of the day. Marine
snails (molluscs), star-fishes, algae and crabs are some
of the life-forms that are found in this marine biome
zone.

The pelagic zone is the zone which is found in the open
seas, neither to close to the shore or to the bottom. It is
an enormous zone, covering a substantial part of Earth’s
surface and varying in depth from 20 m to 11 km. The
pelagic zone is exposed to a great variability in climatic
conditions. This allows for a wide variety of marine
creatures to thrive in this zone, although most of the
life is found in the surface zone, where light, pressure,
temperature, salinity and dissolved oxygen are optimal.
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" The intertidal and littoral zones teem with life
(Source: M Pfaffenthaler)

" Benthic communicty offshore Oranjemund
(Source: G Schneider, 2014)

A dominant feature of the pelagic zone is the mixing of
cold water with warm. When nutrient rich cold water
wells up along the cost of Namibia it provides food for
hundreds of species of fish, sea birds and mammals.
The section of the pelagic zone that extends from the
intertidal zone, roughly to the edge of the continental
shelf is called the littoral zone. The area is characterized
by high biodiversity.

The benthic zone of the ocean is the zone that is found at
the bottom of the water. It includes the sediment surface
as well as some subsurface layers. The depth of the
benthic zone varies substantially. It begins at the shore
line (intertidal or eulittoral zone) and extends downward
along the surface of the gently sloping continental shelf

Did you know?

Namibia has 1 754 km of coastline, which runs
the entire length of its western boundary. In
addition, it has rights over a section of the
ocean. There has been a long standing dispute
over Namibia’s maritime border with South
Africa. The maritime border between Angola
and Namibia has been agreed - it projects
westwards from the middle of the mouth of the
Kunene River. Namibia and South Africa only
have a Memorandum of Understanding, and
the finalisation of the maritime border from the
Orange River mouth is pending.

Namibia has submitted an application for the
extension of its territorial continental shelf to
the United Nation’s Commission on the Limits
of the Continental Shelf. Should it be awarded
in Namibia’s favor, the country’s territorial
boundary will be extend by over 1 million km?,
a significant area in which Namibia could look
for unexplored hydrocarbon reserves and other
minerals at the bottom of the Atlantic Ocean.

until about 200 m depth, after which the gradient greatly
increases and the area is known as the continental slope.
The continental slope drops down to the deep sea floor.
The deep-sea floor is called the abyssal plain.

The abyssal zone is the zone which is in the deepest part
of the ocean and incorporates the column of water that
is 4 000 to 6 000 m deep. This part of the ocean never
receives any sunlight, is very cold, lacks nutrients and
is under extreme pressure. Most life on the abyssal
plain and in the abyssal zone is found in proximity to
hydrothermal vents. These vents provide the heat energy
for life that the sun provides for life in shallower water
and on land.

The hadal zone incorporates the water column and
benthos of the ocean trenches and covers those areas
that are 6 to 11 km deep. Very little life has so far been
found in these trenches although exploration has
revealed that there is more than we originally thought,
and most life isagain found in proximity to hydrothermal
vents.
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Did you know that the mosquito is a
habitat for four different parasites?

There are four different malaria parasites in
the world, all of which belong to the genus
Plasmodium. Collectively these micro-
organisms are responsible for millions of
deaths worldwide. It is these creatures and not
the mosquitos that make you ill. The mosquitos
simply provide the habitat that these creatures
need to ensure their survival, while at the same
time making sure that they do not suffer from
hosting the parasites.

Malaria parasites have very specific habitat
needs. For example during its life cycle P. vivax
lives in two hosts (habitats), namely:

e Liver and blood cells of humans - They

can infect and stay dormant as hypnozoites
in the liver for a number of years until the
liver cells erupt and the merozoites are
released into the blood stream. Here they
multiply rapidly destroying each blood cell
they invade and causing malaria.
Salivary glands of Anopheles mosquitoes
- Some of the parasites form gametocyctes
which are picked up by the Anopheles
mosquitos when they take a blood meal
from a human. These then travel to the
salivary glands of these mosquitoes,
where they become sporozoites. When the
mosquito takes a blood meal from another
human, these sporozoites are injected with
the mosquitos saliva into the human, who
will then become infected with malaria
parasites, which in turn will invade the liver
and blood.

Whilst Earth can be divided up into geographic areas
called biomes, which can be observed in the landscape,
the way that these biomes function or work is through
the interaction of living organisms with each other and
the non-Lliving aspects of the environment (like air, water
and mineral soill. These interactions form systems
called ecosystems. The coastal environment is a good
example. Here, we cannot divide the marine from the
terrestrial components. Instead we need to view it as a
system where terrestrial and marine processes interact
and influence the make-up of the ecosystems that exist
there such as estuaries, rocky shores, and islands.

Careful observation reveals that not all of Namibia's
animals and plants are found in all biomes, nor are they
uniformly distributed within a specific biome. Instead we
find that particular species inhabit specific areas, where
they are able to find food, shelter, protection from
predation and mates for reproduction. We call these
particular areas habitats. Every organism has a certain
habitat in which it thrives, although some can thrive in
a range of habitats. Vegetation types are habitats for a
range of animal and plant species adapted to live within
the climatic, geological and soil conditions of that area.
However, habitats do not need to be a geographic area. It
can be the inside of a rotting log or cave or even the body
of another organism.

Within an ecosystem, organisms not only occupy habitats,
but they play specific roles within the ecosystem. This
specific role is called an organism'’s niche. A nice way to
think of a niche is how an organism “makes a living” (e.g.
is it a producer, consumer, or decomposer?), and how it
interacts with other organisms.

If ecosystems are to function properly, niches cannot be
left vacant, and should an organism no longer fill that
niche, a new one will come in to fill it. However, certain
species occupy specific niches. In this way nature has
evolved to allow many organisms to live together without
one species out-competing the other. Ecosystems that
have a great variety of organisms, may have more than
one species occupying very similar niches, but there will
never be a total overlap.
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Energy flow through the food chain

(Source: media1.britannica.com

Did you know that some species are able
to ‘steal’ niches from others?

Prosopis species are a group of woody trees
that were introduced to Namibia in 1897 as
shade and fodder trees. They are considered an
invasive species because it is a non-indigenous
plant that has a negative impact on the habitats
it affects, as well as the broader environment.
Why has it been possible for Prosopis to
encroach to such a huge extent? One theory is
that there may have been “empty niches’ which
Prospis successfully occupied, or that Prospis

out-competed an existing indigenous species,
having originated in the semi-arid ecosystems
of Mexico and the Southern United States.

In Namibia Prosopis has invaded the ephemeral
river systems and has a detrimental effect on
them. Prosopis invasion along the Fish River
between the Hardap and Neckartal Dams has
not only destroyed indigenous vegetation, it has
had a dramatic impact on groundwater levels.
The trees could use as much 18% of the total
capacity of the Neckartal Dam, and this has
implications on the health of ecosystems.

Earth can house a great variety of organisms because
there are thousands of different habitats and niches
that they can occupy. But how exactly do these become
integrated ecosystems that unite other ecosystems as
well as the atmosphere, lithosphere and hydrosphere?

Concepts such as biomes are easier to understand than
ecosystems because they are areas that can be seen,
whereas ecosystems are the mechanics that make
those biomes function. And these are not always directly
visible. In ecosystems the biotic (living) and abiotic (non-
living) components are linked together through energy
flows, nutrient cycles, and symbiotic relationships.

All organisms need energy to power their bodies, just
like cars need energy to power their engines. The sun
is the source of energy for most life on Earth, however,
some organisms living deep down in the ocean, where
the sun cannot penetrate, obtain their energy from
thermal vents in the Earth’s crust. Most organisms are
unable to harness the energy from the sun, and have to
rely on a very special group of organisms to do so. These
are plants and they are able to convert the sun’s energy
into chemical energy (food). This energy then flows to
other organisms through food webs.

Organisms that are able to convert solar or thermal
energy into food are called producers. The animals
that eat producers or other animals are referred to as
consumers and decomposers break down dead plant
and animal material and wastes and release it again as
energy and nutrients into the ecosystem for recycling.
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Producers form the first trophic level of the food chain.
The total amount of energy that they can produce from
the sun is called the gross primary production. Net
primary productionis the surplus energy thatis available
for subsequent trophic levels, once the plants have used
some of the energy for themselves. At each trophic level
of the food chain, energy is used for respiration, growth
and reproduction and some is lost as heat, so less energy
is available for the next trophic level. For this reason the
numbers of steps that can be found within a food chain
are limited and the number of organisms that each
trophic level can support decreases as one moves ‘up’
the food chain, e.g. a lion (tertiary consumers) must eat
several zebras (secondary consumers) to get enough
energy to survive. An example of a simple energy flow
is provided in the figure below. It shows a food web in
the Nama Karoo biome and demonstrates the various
pathways that energy can follow. It should be noted that
energy flows are rarely as simplistic as shown.

Energy Flows
In ecology energy flow refers to the flow of
energy through a biological food chain.

Nutrient cycle
A nutrient cycle (or ecological recycling) is
the movement and exchange of organic and
inorganic matter back into the production of
living matter.

Trophic level

The trophic level of an organism is the position it
occupiesin afood chain. A food chain represents
a succession of organisms that eat another
organism and are, in turn, eaten themselves.
Food chains start at trophic level 1 with primary
producers such as plants, move to herbivores at
level 2, predators at level 3 and typically finish
with carnivores or apex predators at level 4 or 5.

Cruive e

Diagram of a food web in the succulent Karoo

(Source: safoodwebs.weebly.com/succulent-karoo.html)
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Symbiosis

Symbiosis is any type of a close and long-term
biological interaction between two different
species, be it mutualistic, commensalistic, or
parasitic.

Mutualism or interspecies reciprocal altruism
is a relationship between individuals of
different species where both individuals
benefit, e.g cellulose digesting bacteria living
in the stomachs of zebra.

Commensalism describesa relationship between
two living organisms where one benefits and the
other is not significantly harmed or helped.

Parasitism

A parasitic relationship is one in which one
member of the association benefits while the
other is harmed.

Why are nutrients important and why are
we losing them?

If we do not manage nutrient cycles properly,
then the elements necessary to sustain healthy
plant growth are lost. If we compromise
the foundation of the food pyramid then all
subsequent levels suffer. The introduction of
water born sewerage means that many nutrients
are taken away from soils and discharged
in water courses and oceans. Large scale
agriculture has also resulted in accelerated
land erosion with the result that soil is carried
off by rivers and dumped in the sea. Human
alterations to nutrient cycles have resulted in
too many nutrients in aquatic ecosystems and a
serious depletion of nutrients in our soils. This
has had negative implications for both aquatic
and terrestrial ecosystems, and affects food
security and quality of living for people.

How do Acacias and Mopane trees enhance soil fertility?

Two of the most limiting factors in arid ecosystems are lack of moisture and nitrogen. Yet numerous
studies have shown that many species of Acacia and Mopane are able to convert large amounts of
atmospheric nitrogen into organic compounds under arid conditions. This is known as nitrogen fixation.

They do this with the help of tiny organisms called Rhizobium, which live together in nodules on the
roots of the acacias. Research has shown that this relationship represents the best source of the ‘ideal’
fertilizer in arid regions. This is not only important for productivity in natural systems but may be an
important way of improving fertility in agricultural lands located in semi-arid and arid ecosystems.

The nutrient cycle can be considered nature’s recycling
system. Unlike the energy from the sun, which flows
through the ecosystem along unidirectional pathways,
the recycling of chemical elements such as nitrogen,
carbon, water, phosphorous, sulfur and oxygen is cyclic,
from the physical environment, into living organisms and
then back to the physical environment. This is achieved
as a result of:

e Plants producing food;

e organisms feeding, digesting, moving around and
excreting matter;

e otherorganisms in the soil decomposing the matter
back into these elements.

The nutrients which make up 95-98% of the mass of
living organisms are carbon, hydrogen and oxygen.

However, in order to survive and reproduce, organisms
also need chemical elements such as nitrogen,
phosphorous, sulfur, potassium and calcium (known
as macro nutrients), as well as small amounts of micro
nutrients such as iron, copper and chloride.

Ecosystems are not established purely as a result of
organisms eating each other. Plants and animals are
constantly interacting with each other to enhance their
chances of survival. Organisms need to grow, move and
ultimately reproduce so that their genes can be passed
onto the next generation. A variety of strategies have
been adopted to allow organisms to successfully occupy
given niches and to live long enough to breed. One of
the most fascinating is symbiosis, where two different
species share a special kind of relationship that helps
one or both of them to survive.
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Symbiosis abounds in fig trees

The Strangler fig (Ficus burkeil is found in the Karstveld, along the Okavango River and in the eastern
Zambezi Region. Itis a fascinating tree because it demonstrates all three types of symbiotic relationships.

It has a mutualistic relationship with its only pollinator, the fig wasp. In fact, it could not survive without
the fig wasp and the fig wasp could not survive without the fig tree. The fig ‘fruit’ (or synconium) is filled
with tiny male and female flowers which cannot pollinate each other as they mature at different times.
Some of the female flowers have short-styles and some have long-styles. The female fig wasp is able to
enter into the syncomium through a tiny opening (ostiole). Once inside she lays her eggs in the short-style
flowers, where they can develop safe from predators. When the eggs hatch the male wasps inseminate
the females. The pregnant females must leave the synconium to find new ones, where they can lay their
eggs. On the way out of the synconium, the females collect pollen from the mature male flowers. When
they find new synconia, on another tree the females enter and whilst looking for short-style flowers in
which to lay their eggs, they pollinate the female flowers with the pollen.

Fig fruits are eaten by many creatures including
birds and monkeys. The fig seeds are often
excreted onto the branches of other types of
trees, where some of them germinate and grow
into an epiphyte (a plant that lives on other
plants). At this stage the young fig and the host
tree have a commensalistic relationship as
the fig benefits from the water and nutrients
captured in the nooks between the branches,
whilst the host tree remains unaffected.

Unfortunately for the host this often changes.
The fig's aerial roots wind their way down
the trunk of the tree and when they reach the
ground the fig has access to increased nutrients
and water in the soils. As the fig grows its roots,
which are wrapped around the trunk of the host
tree, thicken and tighten, preventing the host
tree from growing, thus strangling it to death.
This is an example of a parasitic relationship
where the fig benefits from the relationship
whilst the host tree is harmed and ultimately
killed.

F. Burkeigrowing around : = =
its host tree ey A

(Source: M Pfaffenthaler) L TR et
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Biodiversity refers to all the different animals,
plants, fungi, bacteria and viruses in an ecosystem.
Our Earth boasts a phenomenal diversity of life. We
have described about 1.6 million species, but exactly
how many species exist is unknown. Estimates vary
from 7.4 million to 10 million eukaryotic species (any
organism whose cells contain a nucleus and other
organelles enclosed within membranes).

The estimated number increases to 1 trillion species if
microbial species (bacteria, viruses etc.) are included.
Humans are just one species out of these millions. We
need to remember that Earth is not ours alone. We need
to share it with the millions of other species that have
a right to live here too. In fact, these species are the
building blocks of life, without which, life as we know it,
would not exist.

Some interesting facts about Namibian Biodiversity

Compared to wetter climates, Namibia’s diversity is low, however, when compared to other arid
environments, diversity is high.

The north-eastern areas of Namibia generally have the highest overall terrestrial biodiversity due to
higher rainfall, the presence of perennial wetlands and forest habitats.

Other areas of high biodiversity are the highlands of Central Namibia and smaller highlands in the
south and west of the country, the Karstveld around Tsumeb, and isolated mountains such as the
Brandberg. All of these areas have a high number of different habitats, which supports a variety of
different life.

Unlike most other species, scorpion diversity is highest in the southern and western parts of Namibia,
as they are better adapted to arid habitats.

Namibia boasts a high level of endemism - 20% of described species are endemic.

Endemism is especially high in plants, invertebrates, reptiles and frogs. Namibia is one of the few
dryland countries in the world with internationally recognized biodiversity hotspots, namely the Tsau
//Khaeb (Sperrgebiet) National Park, situated in the Succulent Karoo floral kingdom and the rugged
Namib Escarpment, which is part of Africa’s great western escarpment and an area of particularly
high endemism.

The number of described species in Namibia and levels
of endemism are presented in the following table:

% OF SPECIES THAT
DESCRIBED SPECIES | ARE ENDEMIC

254 28%

Insects 6421 24%

Plants 4334 17%

Amphibians 50 12%

Arachnids 618 1%

Fish 114 8%

Mammals 229 7%

Birds 676 2%

TAXONOMIC
GROUP

Reptiles

Namaqua chameleon (Chamaeleo namaguensis] is one of the
largest chameleon species in southern Africa. It is common in
the Namib Desert.

(Source: M Pfaffenthaler)
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2.6 CLIMATE CHANGE

The climate of the world has changed over millions of
years. There have been warmer and cooler periods, each
lasting thousands to millions of years. Natural causes
of this climate change include changes in the orbit of
the Earth around the sun, the amount of energy emitted
from the sun, oceanic upheavals and volcanic eruptions.

Over the last 4.5 billion years we know that Earth's
climate has varied from tropical to ice ages. Since the
last ice age, which ended about 11 000 years ago, the
climate has been relatively stable. However, over the last
century, the average global temperature has increased
by more than 0.7°C. This amount may not seem like
much, but small changes to the temperature can lead
to big impacts. Some impacts are already occurring,
for example, snow and ice covers are decreasing,
and sea levels are rising while rainfall patterns and
growing seasons are changing. The causes are not fully
understood; however, most climate scientists agree that
the recent warming since the middle of the last century
cannot be explained by nature alone and is also due to
the burning of fossil fuels.

The combustion of fossil fuels to drive engines
signalled the beginning of the industrial revolution,
and was perhaps one of the most brilliant inventions by
mankind. It totally changed our way of life and brought
an improved standard of living to so many. However, the
burning of fossil fuels releases carbon dioxide and other
gases like nitrogen dioxide and sulphur dioxide into the
atmosphere. These gases trap heat and contribute to
atmospheric warming. All of these gases collect and act
like a glass in a window, creating a ‘greenhouse effect’
over the planet which traps the heat.

As mankind keeps burning more and more fuels and
adding increasing amounts of greenhouse gases to the
atmosphere, the planet becomes progressively warmer
resulting in unpredictable weather and more frequent
droughts, heat waves, floods and cyclones and fires.

Whilst global warming affects all nations, it is the people
in the poorest countries who have been burning fossil
fuels for a much shorter period of time and in much
smaller quantities, who are likely to suffer the most,
because they are more vulnerable to climatic extremes.
Global warming will not only affect people’s standard of
living, but biodiversity will also be affected. For example,

The Greenhouse Effect

% ot
&

o
Most radiation is alg
by the Earth's surk
and warms

Infrared radiation
is emitbed by the
Earths surface. [
Greenhouse effect
(Source: energyeducation.
ca/encyclopedia/Greenhouse

effect)
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Important climate change definitions

Climate change

Climate change is a change in the global and
local weather conditions and takes place on the
scale of tens, hundreds and thousands of years.
Global warming refers to the long-term increase
in the average global temperatures.

Combustion

It is a high-temperature exothermic redox
chemical reaction between a fuel and an
oxidant, usually atmospheric oxygen. Incomplete
combustion of fuels also releases small particles
of solids, such as carbon.

Fossil fuels
Fossil fuels are carbon based materials that
originate from plant matter. They include coal,

gas, oil, diesel, and petrol. They are combusted
to produce energy.

Greenhouse effect

Short wave radiation from the sun enters the
glass of a greenhouse and is absorbed by the
objects within. As their temperature rises they
give off long wave radiation which cannot pass
through the glass and is trapped within. Hence
the temperature within the structure rises. The
gases within the atmosphere act as a glass.

Ozone

The gas ozone occurs naturally in airand is made
up of three oxygen molecules (0,), unlike oxygen
which is made up of two oxygen atoms (0,).

Clean energy
A term used for energy from renewable sources
like solar, hydro, wind and geothermal energy.

plants and animals that are unable to adapt to the effects
of the changing temperature, will die or move away to
cooler places, if they can. The same applies to people.
Climate refugees are already a reality and the problem
is expected to increase in the near future as more people
are forced to migrate from their homes in order to avoid
the negative impacts of global warming.

One of the greenhouse gas emissions of concern is
ozone. Scientists have divided ozone into good ozone
and bad ozone. ‘Good ozone’ is found in the upper

stratosphere and is formed when UV light strikes oxygen
molecules splitting them into two oxygen atoms. These
unstable atoms then combine with O, to form O,.

Ozone in the stratosphere is essential for our survival
because it shields Earth from harmful UV rays. Some
‘good ozone’ occurs in the troposphere, usually at ground
level and is released by plants and soil. However, most of
the O, found at this level is ‘bad ozone’ and is formed
from combustion, when nitrogen oxides and volatile
compounds react with UV light, creating haze or smog.

High ozone levels occur in cities during the warm
summer months and peak in mid to late afternoon, after
exhaust fumes have had time to react with sunlight. At
threshold levels, pollution alerts are issued as ozone can
damage lung tissues and is harmful to all types of cells.

In the stratosphere, ozone levels vary seasonally. It was
discovered that chlorofluorocarbons (CFCs), used in
insulating foams, solvents, soaps, cooling equipment
like air conditioners, refrigerators and ‘take-away’
containers, were responsible for depleting the ozone to
such an extent that it was causing a substantial thinning
of the ‘good ozone' layer over the poles and other places
where human populations are dense. These areas are
known as ‘ozone holes. Cumulonimbus clouds carry
CFCs high into the stratosphere, where UV light breaks
them down to react with ozone. It has been found that
one chlorine atom can break apart more than 1 million
ozone molecules.

In 1987, almost every country in the world, including
Namibia, signed the Montreal Protocol, agreeing on a
plan to phase out damaging CFCs. This protocol has been
the most successful climate agreement ever, because
nearly 100 polluting chemicals have been almost totally
phased out and the ozone layer is slowly healing. The
Montreal Protocol is now focusing on phasing out
hydrofluorocarbons (HFCs), another potent group of
greenhouse gases. HFCs are used in refrigerators and
air conditioners and have 1 000 times the heat trapping
powers of carbon dioxide. Air conditioner manufacturers
have already started researching friendly alternatives
for HCFs.
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Other greenhouse gas emissions include nitrogen
dioxide, sulphur dioxide and carbon monoxide. Nitrogen
dioxide is reddish-brown in colour and when it collects
in a haze, it is called smog. Nitrogen dioxide also reacts
with water vapour to form nitric acid, which is contained
in acid rain. Sulphur dioxide also causes acid rain and
damages and/ or kills trees and crops. Carbon monoxide
is toxic and, if inhaled, can cause death. Another gas of
concern is methane, which is produced when organic
material is decomposed by bacteria. The beef industry
across the globe is responsible for annually releasing
large volumes of methane into the atmosphere.

Greenhouse gas emissions from the urban centres
of Namibia are relatively small compared to big cities
like Tokyo and New York. However, a large portion of
Namibia’s contribution to global warming is through
veld fires.

Fifty percent of Namibia is covered by savanna
vegetation. Savannahs are the most fire-prone
vegetation on Earth and have evolved with and are
dependent on fire. However due to intense utilisation
by people for agricultural, pastoral and management
activities, savannahs are burnt more than they should be
and often at the wrong time of the year. Between 1997
and 2009, savannah fires accounted for 60% of total
global fire emissions. These fires release large amounts
of gases (e.g. carbon dioxide) and particulates into the
atmosphere, exacerbating the greenhouse effect and
contributing as much as a third of the ozone in the lower
atmosphere.

In addition, uncontrolled high intensity fires (‘wild fires')
occurregularly inthe north eastern part of Namibia. They
rage hotterand more aggressively than natural veld fires.
Not only do they pump large amounts of greenhouse
gases into the atmosphere, they also negatively impact
Okavango community livelihoods through loss of life and
property (houses, food stores and fences). They reduce
the availability, productivity and long-term sustainability
of the natural resources leading to increased poverty.

Veld fire near Ganab

(Source: T Wassenaar, 2012)

Wild fires are caused by lightning, but huge areas
in communal areas are also deliberately burnt by
local subsistence farmers. Incorrect range and fire
management practices on commercial farms and
extensive bush encroachment also contribute to the
occurrence of these fires.

Did you know?

Carbonproductionperperson-Humanactivities
are a major cause of the increase in carbon in the
atmosphere. Approximately 40 billion tonnes of
carbon are added each year. This is just less than
6 tonnes of carbon per person per year.

NASA study - Off the coast of Namibia, for several
months every year, a layer of smoke drifts over a
persistent layer of low clouds. Hence it is seen
as the perfect place to investigate how haze and
clouds interact to influence global warming. On
29 August 2016, a NASA research plane began
a month of flights into the heart of the smoke
and clouds, taking off from Walvis Bay. There are
plans for the study to continue in 2018.

Environmental awareness - In 2015, the Hanns
Seidel Foundation (HSF) Namibia, in partnership
with the Desert Research Foundation of Namibia
(DRFN) implemented a three-year project to
support national efforts for public awareness
on environmental protection and climate
change. Its aim is to use a dynamic approach
to engage with a variety of stakeholders across
the country including schools, the media, social
entrepreneurs and political decision makers.

70 ENVIRONMENTAL AWARENESS FOR SUSTAINABLE DEVELOPMENT - A RESOURCE BOOK FOR NAMIBIA



CHAPTER 2 - THE NATURAL ENVIRONMENT

Did you know?

Construction of the first wind farm near Liideritz
was recently completed. An environmentalimpact
assessment was done and a power purchase
agreement with NamPower is in place. According
to a statement by the developer Innosun:

"Wind technology is mature. There have been
improvements in wind turbine technology and
it has grown to be extremely competitive. We
also believe Liideritz is one of the top regions in
the world to harness wind technology.... if you
compare a 200 megawatt coal power plant against
a wind farm with the same installed capacity, the
cost per kilowatt hour at the end will be cheaper
and more competitive from wind,” based on

results from projects in South Africa.

Namibia is one of the countries identified as being
vulnerable to climate change due to its arid environment,
recurrent droughts and desertification. Many Namibians
are dependent on traditional land usage centred on
livestock and crop production and are likely to be
impacted, particularly those in the lower income groups.
It is predicted that the country will become hotter
(with an increase in temperatures of between 1°C and
3.5°C in summer and 1°C to 4°C in winter in the period
2046 - 2065. In most of central Namibia, it is predicted
that the rainy season will become shorter by 20 days.
The area between Maltahohe, Helmeringhausen and
Gibeon in the south, and around Khaudum National
Park and Tsumkwe in the north-east is expected to
have a reduction of 60 days. Only scattered areas across
Namibia are expected to have an increase of up to 20
rainy days per season.

Rainfall is likely to become more intense and variable.
During flooding events, the country will become more
at risk to disease outbreaks such as cholera and vector-
borne diseases such as malaria. Namibia's dominant
savannah vegetation will give way to more desert and
arid shrub land vegetation types. This shift would mean
that most of Namibia’s western and southern parts will
become drier and more unproductive for agricultural

" The NASA Research Plane in operation in Namibia
(Source: S van Eeden, 2016)

purposes. It is also believed that the increase in bush
encroachment (which reduces the grazing capacity of
farming lands) is a result of the warmer climate which
has occurred over the last hundred years approximately.
A warmer climate favours trees more than grasses.

Overall, climate change will pose a major challenge
to food security in rural households. Gross domestic
product is predicted to decline between 1.1% and
3.1% due to climate change losses. In recent years,
the country has encountered its worst drought in over
thirty years resulting in on-going concerns over water
shortage. Namibians need to be prepared and able to
adapt in order to increase the country’'s resilience to
these events.

In 1995 Namibia ratified the United Nations Framework
Convention on Climate Change (UNFCCC). This
was followed by the establishment of the National
Climate Change Committee (NCCC) by the Ministry of
Environment and Tourism. The NCCC is tasked to both
communicate with UNFCCC, as well as develop climate
change projects and programmes, develop national
positions on climate change, define capacity building
needs and advise on a national strategy for adaptation
to climate change.
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In order to reduce Namibia’'s carbon footprint, the
country needs to implement mitigation efforts to reduce
greenhouse gas (GHG) emissions. As a Non-annex 1
party to the UNFCCC, Namibia is not obliged to reduce
its GHG emissions. However, the country is dependent on
energy from South Africa and its favourable conditions for
renewable energy makes the transition to a low carbon
economy an important long term goal. According to
experts, Namibia has great potential to increase its clean
energy supply by using renewable resources. The country
can also promote the use of more efficient energy and
clean energy technology as an alternative to traditional
energy sources i.e. coal. Examples of renewable energy
technologies include solar power, wind turbines, biomass
and hydroelectricity. These technologies are discussed in
further detail in Section 3.2.

Other than developing new technologies to reduce GHG
emissions, Namibians should be developing strategies
to cope with the current impacts of climate change. To
do this effectively, it is important for people to become
educated on the subject and put aside all cultural,
religious and, preferential differences for the sake of
humanity and the survival of it. This process of adapting
to the effects of climate change is called climate change
adaptation. This is necessary in order to reduce the
impact of climate change by developing new innovative
ways and measures to adapt.

In order to raise awareness of climate change,
particularly amongst rural communities, the Ministry
of Environment and Tourism distributed community
climate change adaptation toolkits in 2011 to all 14
regions of Namibia translated into local languages. A
number of events were coordinated, especially to engage
with the youth, and included national symposiums,
festivals and awareness campaigns. One of the many
initiatives included the Namibian Youth Conference on
Climate Change which took place in October 2015. The
conference brought together young people from all
across Namibia to discuss the most pressing concerns
of the youth relating to climate change. The findings of
the conference were then collated to form a position
paper for the Government to take to the 21st UNFCCC
Conference of the Parties (COP 21) negotiations in Paris
in December 2015.

Other key milestones in Namibia's response to climate
change have been the approval of the National Climate
Change Policy in June 2011 by the Namibian parliament,
the gazetting of the Disaster Risk Management Act in
2012 and the launching, in 2014, of the Climate Change
Strategy and Action Plan for the period 2013 - 2020.

With international attention on climate change, various
funding windows opened up. Some examples include
the Global Environmental Facility (GEF) through which
Namibia attracted a number of projects including the
Climate Change Adaptation Project under the Country
Pilot Partnership Programme which ran from 2008 to
2012. Hands-on initiatives have been rolled out across
the country, in particular within the Omusati Region,
aimed at drip irrigation, conservation agriculture and
rearing of indigenous livestock. One such project was the
establishment of the Olushandja Horticulture Producers
Association (OHPA) located along the banks of the Etaka
Dam in the Onesi constituency. OHPA applied for a grant
through the Environmental Investment Fund (EIF) to
enable them to implement a conservation agriculture
project. The project involves the use of drip irrigation
and organic fertilisers. There have been substantial
improvements in the fertility and water-holding capacity
of the soil leading to better crop yields. The funding has
also allowed the association to build capacity amongst
its members.

Since 2002, the European Union has become a strong
supporter of climate change actions in developing
countries, including Namibia. The assistance has been
focused on a range of initiatives being undertaken by the
private sector, parastatals, farms, unions and NGOs. The
aim was to enhance Namibia's ability to adapt to climate
change in particular in rural areas and to develop
effective mitigation techniques through developing,
testing and disseminating solutions and practices.
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Less fog at the Coast

Fog formation in Namibia is associated with the upwelling of the cold Benguela Current and high pressure
cells, which cause subsiding warm air masses. Eventually these air masses cool down until the dew
point temperature is reached and fog occurs. This fog is driven by the sea breeze into the desert. Here it
provides just enough moisture for many desert adapted species to survive. However, this may change in
the future.

If the Benguela Current warms because of climate change, it may lead to reduced fog production and
affect the biodiversity along the entire coastline. In 2013, the Gobabeb Research and Training Centre
in cooperation with the Southern African Science and Service Centre for Adaptive Land Use (SASSCAL)
developed the FOGNET programme. Its aim was to observe the special fog distribution in the Central
Namib and link it to climate change. Nine meteorological tower stations were set up through the Central
Namib. The stations measure fog precipitation, temperature, relative humidity and radiation. Comparing
data between the stations continues to provide detailed information about the impact of climate change
on fog distribution within the research area.

Fog measurements at
Gobabeb

(Source: T Wassenaar, 2014)

Namib Desert fog
(Source: G Schneider, 2007)
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3.1 USE OF NATURAL RESOURCES

Namibia is a land with a variety of natural resources
spread across the entire country. Some of these
resources, such as diamonds, gemstones and granite
are non-renewable, whilst others, such as forests,
wildlife, fish, water and soils are renewable if they
are not overused, polluted or lost. Whilst one of
Namibia's development goals is to become increasingly
industrialised, we are still a nation defined by a rural
population, dependent on subsistence farming and
livestock. In addition, our industries are primarily based
on the extraction of natural resources, e.g. mining,
fishing and agriculture with very little beneficiation of
the natural resources.

In Chapter 2, the different spheres of the planet and how
they work and interact were presented. These concepts
are important to understand because if one does not
appreciate how the planet ‘works’ to keep humanity
alive, then one will not appreciate why it is so important
to utilise it responsibly. Moving into the future, mankind
faces many challenges in the sustainable use of the
planet. These include, but are not limited to:

e An exponentially growing human population that is
expected to reach 8.5 billion by 2030.

e Increasing desertification, which is a type of land
degradation in which relatively dry areas of land
become increasingly arid as a result of climate
change and over-exploitation of the soil. This
results in the land typically losing its bodies of
water as well as vegetation and wildlife.

e Increasing migration of people from rural to urban
environments.

e Climate refugees that are being displaced from
their own lands and moving to places that are
cooler, located at higher altitudes, have better
infrastructure etc..

e Increasing loss of biodiversity due to habitat loss
and over-exploitation.

e Ongoing loss of valuable topsoil into our oceans
and lakes.

e Polluting of fresh and salt water environments; and

e Increasing human conflict due to competition for
space and natural resources.
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The challenges listed above are daunting in themselves,
but by far the most difficult challenge to overcome is
Man’s perception of the environment and the need
to protect it. As people move to the cities and become
immersed in technological lifestyles, they become
separated from the natural environment and forget how
fundamentalitis to their lives. For example, many people
believe that food comes from the supermarket and have
no idea from whence it originates - that wheat must be
grown in the soil, or that animals must be slaughtered
for meat. Added to this is the very powerful notion that
people can engineer all of our problems out.

; Crayfish, a valuable Namibian marine resource that
must be protected from over-exploitation
(Source: BCLME)
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What are Namibia's natural resources?

Sunlight

Sunny conditions in Namibia contribute to its
aridity; nevertheless it is a limitless energy
resource and has huge spiritual, aesthetic and
health benefits which are important for the
tourism industry.

Soil

People tend to take soil for granted but without
soils we would not have life as we know it, because
plants need soils in which to grow. In addition,
soil and sediments provide habitat for millions of
species that play essential roles in the recycling
of nutrients, soil stabilization, water purification
and carbon sequestration. Soil is one of our most
valuable resources that should be conserved at all
costs.

Water

Namibia has limited water resources due to low
rainfall conditions and a high evaporation rate.
Water resources are distributed very unequally
across Namibia, which impacts hugely on water
supply. The growth of Namibia’s economy and the
health of its citizens are inextricably linked to the
availability of fresh water.

Minerals

Namibia is fortunate to have a variety of minerals
such as diamonds, uranium, gold, zinc, copper,
lead, gemstones, granite and marble and salt.
Mining is a pillar of the Namibian economy with
both large scale mining and small scale mining
taking place.

Wildlife resources

Namibia is blessed with a range of spectacular
wildlife that is well adapted to life in arid and semi-
arid conditions. Many people have realized the
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potential that wildlife has for income generation.
We have a variety of national parks, commercial
farms, private reserves and communal
conservation areas, all of which benefit from
ecotourism, hunting and craft trade.

Indigenous plants

Namibia boasts a great variety of indigenous
plants that have medicinal or cosmetic value and
are harvested for both cultural and economic
reasons. Other plants are used extensively to
support subsistence lifestyles e.g. thatching grass
for building, and reeds for making baskets, mats
etc.

Forests

The savanna woodlands of Namibia are home to
some hardwood trees that are used in the building
and craft industries. Many of Namibia's trees are
used for firewood, as a large majority of Namibians
do not have access to electricity or gas.

Fisheries

Namibia has one of the richest fishing grounds
in the world, due primarily to the presence of
the Benguela Current. Upwelling caused by the
current brings nutrient rich waters from great
depths that stimulate the growth of microscopic
marine organisms. These in turn support rich
populations of fish, which form the basis of the
marine fisheries sector.

People

People are one of Namibia's most valuable
resources. They can have both a positive and
negative impact on the environment, depending
on the way in which they use the other natural
resources.
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* Namibia has a variety of natural resources, including wide open spaces

(Source: G Schneider, 2012)

But consider this for one minute. Mankind could not
survive without air for more than three minutes, without
water for more than three days and without food for
more than three weeks. Despite all the things Man has
learnt to manufacture, these cannot be made in the
quantities that are required to support over 7 billion
people, as well as the other millions of species on Earth.
And all of the ingredients that we need to manufacture
for our technological solutions come from the minerals
provided by Earth. Whilst mankind will rely on ingenuity
to engineer solutions that allow Earth to support our
enormous human population, it cannot be done in the
absence of a healthy functioning planet. And all people,
not only the rural populations who make a direct living
from the land, need to play a role.

The four broad categories of ecosystem
services:

Regulating services, such as the
control of climate and natural hazards,
water purification, waste management,
pollination and disease control

Supporting services, such as nutrient
cycling, soil formation and primary
production

Provisioning services, such as the
production of food and water

Cultural services, such as spiritual and
recreational benefits
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Mankind cannot get away from the fact that human
welfare is reliant on Earth's capital stock, which
generates a flow of goods and services that support
human well-being. Capital stock is made up of natural
capital, manufactured capital, human capital and social
capital (institutional rules, norms). Natural capital
includes the lithosphere, hydrosphere, atmosphere and
biosphere. Ecosystem services are the range of goods,
services and attributes that natural capital provides, that
generate value and contribute to economic production.
Every minute of every day, ecosystems provide us with
a variety of different services that make life meaningful.
Because many ecosystem services have no viable or
feasible substitutes (e.g. the influence of the atmosphere
on climate regulation and the hydrologic cycle), the
price or value of these non-substitutable services rises
dramatically towards infinity as the demand for these
services approaches the available supply (which is
fixed), or the supply approaches a minimum level that is
required for human survival.
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The elements of a human’s well-being, which are
generated from ecosystems services, are outlined in
the boxes below.

Security

Personal safety

Secure resource access
Security from disaster

Basic materials for good life
Adequate livelihoods
Sufficient nutritious Food
Shelter

Access to goods

Health

Strength

Feeling well

Access to clean water

{ Elements of human well being
generated from ecosystem services

(Source: Millennium Ecosystem Assessment)

Most people understand that the oceans are important
because they provide us with food such as fish, oysters,
seals and kelp. However, fewer people appreciate that
the oceans are by far the largest carbon sink in the
world. About 93% of carbon dioxide is stored in algae,
vegetation and coral under the sea. If marine habitats,
such as kelp forests, are destroyed, mankind not only
destroys the provisioning services that those ecosystems
afford, but the planet loses an important regulating
service, namely carbon sequestration. This means that
more carbon dioxide is released into the atmosphere
and global warming is exacerbated. By storing CO,,
ocean ecosystems provide a valuable regulating service.
The following diagram indicates how many ecosystem
services one tree can offer and just how valuable a tree
is to mankind.

In the early 2000s, a group of ecologists attempted
to quantify the price of replacing our planet’s
ecosystem services. They calculated that it would
cost over U$ 3 trillion - more than the entire global
gross national product (GNP) at the time! They
demonstrated that the world cannot afford to replace
these services and that therefore mankind must
work to protect the planet’s ecosystems.

Across the globe and in Namibia too, thousands of
people are abandoning the rural areas and moving to
cities, hoping that it will provide opportunities to build
a better life. Many governments support this policy of
urbanization because it is easier and often cheaper to
provide people with water, electricity, schooling etc. if
they are all living close together.

Namibia is a vast land with communities scattered
over great distances, so the provision of services is an
expensive challenge for the Namibian government.
Many of Namibia's major urban centers, (e.g. Windhoek,
Swakopmund, Walvis Bay and Lideritz) are located far
from water and electricity sources, so the expansion of
cities is an extremely expensive undertaking. In many
cases looking after the natural resources in a rural area
and finding ways for people to make a living off the land
is far less expensive and more sustainable than growing
cities. It also offers a better quality of life for people, than
living in informal settlements. This is why one of the long
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REGULATING SERVICES

Canopies create shade and reduce
temperatures locally. Canopies also act
as wind breaks.

CULTURAL SERVICES
Numerous medicinal uses
Building homes and kraals

Wild open areas of northern Namibia. PROVISIONING SERVICE

Leaves absorb CO, whichis a
greenhouse gas.

PROVISIONING SERVICES

The durable heavy wood can be
used for furniture, kraal fences,
utensils, cattle yokes, railway
sleepers, mine props.

PROVISIONING SERVICE
Seeds are harvested and essential
oils are extracted.

PROVISIONING SERVICES

Bark used for tanning and rope making. SUPPORTING SERVICE

Photosynthesis by leaves forms the
basis of the carbon cycle.

PROVISIONING SERVICE
The wood makes a good firewood.

PROVISIONING SERVICE

Caterpillars called mopane worms feed
on the leaves. They are an important
food source for many people.

SUPPORTING SERVICES

PROVISIONING SERVICE
Roots bind the soil and prevent erosion.

Mature leaves are eaten by elephants and
caterpillars

Young leaves are eaten by antelope and
cattle.

SUPPORTING SERVICE
Symbiosis with nitrogen fixing bacteria.

Magical mopane trees - providing valuable ecosystem services for all
(Source: M Pfaffenthaler)

term aims of Namibia's Vision 2030 is the sustainable  made a decision to stay on the land and enhance their

management and conservation of Namibia's natural
habitats and wildlife species.

This chapter aims to showcase how the environment
is providing ecosystem services to Namibians. A range
of examples are provided, from communities who have

standard of living through improved management of
their natural resources, to practices that are being
implemented by governments and businesses to make
use of the country’s natural resources whilst conserving
ecosystems. Some of the many challenges, that natural
resource managers have to deal with, are highlighted.
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Wetlands - Namibia’s richest ecosystems

Although Namibia‘’s wetlands make up just less than 5% of the country’s surface area, they directly
support about 30% of the human populations that live in close proximity to these water sources. The
ecosystem services, which fresh and salt water ecosystems provide, are numerous. They include:

Water provision;

Contribution to climatic stability;

Sediment and erosion control;

Flood control;

Maintenance of water quality and abatement of pollution;
Contributions to grazing and agriculture;

Maintenance of surface and underground water supply;
Provision of habitat for wildlife;

Contributions to fisheries; and

Contributions to the multimillion dollar ecotourism industry.

If the natural functions of wetlands are maintained, these benefits are available for humans to use free of
charge. However, if wetlands are degraded or destroyed, these functions have to be provided artificially.
The cost of doing so is exorbitant and should a wetland have to be restored, the costs are even more. To
avoid these unnecessary and large financial costs it is imperative that Namibia manages the utilization of
its wetlands very carefully, in particular abstraction of water for other, drier parts of the country.

The economic value of wetlands and wetland resources

The following values, extracted from the wetland area of the Zambezi River Basin (an estimated 220 000 ha)
can be used as a typical Namibian example to illustrate the economic value of wetlands and some wetland
resources.

The net total direct-use economic value/year generated from livestock production, crops, fish, wild
animals, water fowl, reeds, grass, and palm leaves is estimated to be US$ 4.8 million.

The net total indirect-use economic value/year due to flood control, sediment retention, nutrient
recycling, erosion control, provision of wildlife habitats, breeding and nursery grounds for fish &
waterfowl is estimated to be US$ 22 million.

Although they were not estimated in this study, economists recognise the non-use value of wetlands.
These are the values associated with their preservation for later use (the option value) or to hand
down to future generations (the bequest value) or just to know they exist (the existence value).

Fishing in the Zambezi River
(Source: M Pfaffenthaler)
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3.2 USE OF ENERGY AND FOSSIL FUELS

Access to energy and security of energy supply are key
ingredients for the development and success of any
nation. Urban life, industrial activities and transport
cannot be imagined without energy, i.e. electricity and a
variety of liquid fuels. At the same time, lack of access to
energy deprives people of opportunities to develop and
improve their living conditions. It can therefore be said
that electricity and fossil fuels are pivotal to our society
and the way we live. But the use of any energy, including
renewable energy, does not come without a cost for the
environment.

Fossil fuels and geothermal energy are found in the
lithosphere (although fossil fuels are derived from
the biosphere), whilst wind is an ecosystem service
provided by the atmosphere, water by the hydrosphere,
and the biosphere provides wood. Fossil fuels are
non-renewable resources, whilst solar energy and
wind are renewable resources. In a healthy sustainably
managed environment, wood and water are considered
renewable resources; however, they are often utilised
unsustainably, which can render them in the worst case
non-renewable.

Namibia’s energy sector comprises the formalized
electricity, upstream oiland gas, downstream liquid fuels
subsectors, and the less formalized downstream gas and
thermal energy subsectors. In addition to that, Namibia
has great potential for renewable energy. In terms of
consumption, Namibia’s energy sector is dominated by
liquid fuels, which accounted for some 58% of all energy
consumed in Namibia in 2014. Electricity accounted for
some 20%, and biomass for another 20%.

Namibia therefore remains fully dependent on liquid fuel
imports, and also imports a sizeable proportion of its
electricity requirements. The country has little influence
over the price of these energy imports. In contrast to
the electricity and oil and gas sectors, the local biomass
sector has a much lower profile, despite its immediate
relevance as the main household fuel source for most
Namibians.

L nayy B i

E Energy consumption by type (2014)

(Source: National Energy Policy)

The main domestic uses of energy are cooking, lighting
and heating. Wood and wood products remain the most
utilised energy sources for cooking in Namibia, followed
by electricity and to a lesser extent liquid petroleum
gas (LPG). Even in urban areas, 20% of all households
still cook on fire. While electricity is the most common
source of energy for lighting, used by 70% of urban
households, only some 15% of rural households have
access to electrical lights, and need to resort to candles
and paraffin. Wood is also the major source of energy for
heating, and only 28% of all Namibian households use
electricity for that purpose, mainly in urban areas.

Commercial and industrial applications of energy are
found in all aspects of the Namibian economy, including
agriculture, communication, fisheries, manufacturing,
mining, tourism, trade, transport, and water. Transport
and the agricultural sector account for 63% of the total
energy consumed in Namibia. As an energy source, these
sectors mainly use petrol and diesel, which in its refined
state is 100% imported, as Namibia currently does not
have any oil production or refining capacity. However,
exploration is ongoing, and some oil has been found,
albeit not in commercial quantities. The mining industry
uses diesel and electricity, while the manufacturing and
service industries rely heavily on electricity.
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Namibia’s Vision 2030 envisages an industrialised
nation with job opportunities for all its citizens. The most
fundamental condition for the development of such an
industrialised nation is the availability of affordable
and reliable energy, and an increase in the electricity
demand can therefore be predicted. As Namibia
endeavors to uplift the living conditions of its citizens,
and alleviate poverty, the domestic electricity demand
can also be expected to rise.

The main players in the Namibian energy sector are the
Ministry of Mines and Energy (MME) as custodian of
Namibia's energy sector; the Electricity Control Board
(ECB) as the country’s electricity regulator; Namibia's
electricity utility NamPower as the entity that generates,
imports, exports and transmits electricity; the Regional
Electricity Distributors (REDs) as the distribution
licensees in certain areas of the country, and Namcor,
i.e. the National Petroleum Corporation of Namibia as
the entity that ensures security of supply of petroleum
products.

MME ensures the adequate and affordable supply of
electricity and petroleum products for the country by
administering and applying the relevant legislation. MME
is also responsible for minimising the negative impacts
of petroleum resource exploitation on the environment
through the strict monitoring of compliance with the
conditions of hydrocarbon exploration licenses. It further
contributes to the creation of value for society from
petroleum exploration, possible future production and
supply. The ECB exercises control over the electricity
supply, transmission and distribution industry. Its main
responsibility includes regulating electricity generation,
transmission, distribution, supply, import and export in
Namibia through setting tariffs and issuance of licenses.

Namibia’s energy sector can be subdivided into primary
and secondary energy sources. The primary energy
sources include liquid fossil fuels such as petrol,
diesel, paraffin and LPG; biomass in the form of wood
and charcoal; and to a lesser degree coal. The main
secondary source of energy in Namibia is electricity,
which is generated locally as well as imported from
other countries.

Primary energy sources

As Namibia does not have its own oil resources, and
also no refining capacity, so that all refined petroleum
products need to be imported. Namcor is also active
in the sourcing and selling, as well as the distribution
of petroleum products. A total of more than 8 million
barrels, or 1.3 billion liters of refined petroleum products
were imported in 2016, exclusively from South Africa, at
a cost of US$ 842 million.

Exploration for oil and gas is ongoing in Namibia, mainly
in the offshore and the Owambo Basin of northern
Namibia. Private international companies and Namcor
participate in this search for hydrocarbons, however, so
far, oil has not been found in commercial quantities.

" Drill Rig in Namibian waters
(Source: G Schneider, 2012)

Natural gas was discovered approximately 170 km off
the southern Namibian coast in 1974. Eight wells have
since been drilled to appraise the quantity and quality
of the gas of what has become known as the Kudu
Gas Field. Some 1.3 trillion cubic feet of gas have been
located, and the Namibian government has identified
the development of this gas field as a strategic priority
for local electricity generation. Gas from the Kudu Field
could be transported through a pipeline to an 885 MW
gas power station, that is planned to be built some
25 km north of Oranjemund. This would also require
the drilling of production wells, installation of subsea
equipment, and the installation of a floating production
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system. However, the costs of such an investment and
the remote location in relation to the main off-takers of
the electricity generated on site have so far hampered
the development.

In 2016, more than 50% of the country’s population
continued to rely on the daily use of woody biomass as
a source of thermal energy, mainly for cooking food and
preparing hot water. The majority of rural Namibians
and an estimated 20% of the population residing in
urban and peri-urban centers depend directly on the
regular use of woody biomass, or its derivative products.
In addition, select commercial and industrial users have
begun to switch some of their thermal energy supplies
from electricity, heavy fuel oil or coal to locally harvested
woody biomass.
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E Cooking on fire

(Source: images.robertharding.com)

Namibiais endowed with avariety of bioenergy resources,
including solid woody biomass and different sources
of organic matter. As a primary feedstock, bioenergy
resources can be turned into other energy carriers, such
as wood chips, pellets, charcoal, biogas and biofuels.
Amongst the most significant sources of Namibian
bioenergy is the country’s woody biomass resource,
which mainly exists in the form of encroacher bush.
Its sustainable use can become a valuable contributor
to the country’'s socio-economic development, and a
major value driver in rural Namibia. The Namibian
charcoal industry produces tens of thousands of tonnes
of charcoal every year, most of which is exported.

In the future, locally harvested woody biomass from
encroacher bush is likely to play a more pronounced role
in Namibia's supply of thermal and electrical energy.
The rapid advancement of technology is expected to
invigorate the development of the local biomass industry.
Such development, however, requires local biomass
harvesting and utilization to be guided by sustainable
land-use practices to minimize the industry’s overall
carbon footprint.

Secondary energy sources

The locally produced electricity is mostly sourced from
the Ruacana Hydropower Station on the Kunene River
and to a much lesser degree from the Van Eck coal-
fired power station in Windhoek. A small, but growing
percentage is sourced from solar power generation. The
first plant to generate electricity from wind is presently
being commissioned.

The current annual electricity demand in Namibia
is 4 400 GWh, and the annual growth rate about 3%.
Approximately 60% of Namibia’s electricity demand is
currently imported from neighboring countries at a cost
of some N$ 4 billion. It is derived mainly from South
Africa, but also from Zambia and Zimbabwe, with whom
Namibia is linked via electricity interconnectors. Power
generation in the countries of origin, i.e. South Africa,
Zambia and Zimbabwe, is by means of coal-fired power
plants, hydropower, and a nuclear power plant in South
Africa.

Trading of electricity in the southern African region
is facilitated by the Southern African Power Pool.
However, buying electricity from other countries makes
Namibia vulnerable to prevailing conditions in these
countries, such as domestic demand and infrastructure
maintenance. Namibia's contracts with neighbouring
countries will end within the next three to eight years;
namely South Africa in 2022, Zambia in 2020, and the
one with Zimbabwe in 2025. Thereafter the contracts
will need to be renegotiated, which may negatively affect
pricing in Namibia.
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The Southern African Power Pool

The Southern African Power Pool (SAPP) was created
with the primary aim to provide reliable and economical
electricity supply to the consumers of each of the SAPP

members, consistent with the reasonable utilization of
natural resources and the effect on the environment. The
members of the SAPP have created a common power grid
between their countries and a market for electricity in the
SADC region which allows their customers to benefit from
the advantages associated with this market. Member
countries are Angola, Botswana, DRC, Lesotho, Malawi,
Mozambique, Namibia, South Africa, Swaziland, Tanzania,
Zambia and Zimbabwe.

E Electricity transmission

(Source: NamPower, 2017)

e Angola

The Namibian Grid
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(Source: NamPower, 2017)
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The Namibian Grid

NamPower owns, operates and maintains power plants
and a world class transmission system and network of
66 kV to 400 kV overhead lines. The utility has over the
years continued to maintain and develop the country’s
transmission system to accommodate future demand
for electricity as well as expected future generation and
imports of electricity.

As the voltage on the transmission lines is too high to
connect customers directly, the electricity is stepped
down to lower voltages as it enters the medium voltage
distribution system and becomes the responsibility of
the REDs.

Locally produced electricity

Namibian electricity generation currently makes use
of hydropower, heavy fuel oil, coal, diesel, and solar.
Despite the fact that electricity generation happens
on Namibian soil, the country is still dependent on
neighboring countries, as the water for hydropower
generation comes from a resource that is shared with a
neighboring country and is dammed upstream before it
enters Namibia; and heavy fuel oil, coal and diesel which
are used in power plants are 100% imported.

Worldwide, Hydropower is the most widely used
renewable source of energy and the global hydropower
generating capacity is about 740 000 Megawatt (MW),
accounting for roughly 16% of total world electricity
generation. The water flowing in a river is impounded by
a dam. This raises the level of the water in the reservoir
behind the dam wall and the water is at a much higher
level than the original river bed. This difference in water
level is called the hydraulic head. When the sluice
gates are opened, the water is released from the dam
and flows under gravity via a penstock to a turbine. The
kinetic energy of the descending water turns the turbine,
which is directly connected to a generator that generates
the electricity that is supplied to the consumers.

The Ruacana Hydropower Station located on the
Kunene River is by far the largest electricity generator
in Namibia. It was commissioned in 1978 when it
consisted of three 80 MW hydro-generators. A fourth
unit of 92 MW was commissioned in 2012. The original

generators were upgraded and by 2016 added SMW
to each unit. This gives the Ruacana power station a
total nameplate generating capacity of 347 MW. It is
connected via a 570 km long 330 kV power line to the
Namibian grid.

The output of the station depends on the amount
of water available in the Kunene River, which can
unfortunately not be regulated, as the upstream storage
dams were damaged during the war of the 1980s. As a
result, the station is run at full output level as a base load
power plant during the rainy season only, while for the
remainder of the year it is operated predominantly as a
peaking power plant.

" Ruacana Hydropower Station
(Die Republikein, undated, annotated by P Heyns)

" Underground machine hall at Ruacana
(Source: namibian.com.na/156682/archive-read/Ruacana-

adds-15MW-to-power-grid)
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" The Andara Power Station
(Source: P Heyns)

It is noteworthy that the first hydropower installation in
Namibia was erected at the Andara Mission Station on
the Okavango River in the late 1890! Later, in 1963, two
turbines were installed at the Hardap Dam, but they are
not in use any more.

Since 1990 investigations were made into the possible
construction of an additional hydropower plant on the
Kunene River, at either the Epupa or Baynes sites. The
studies revealed that while the Epupa site was technically
preferable due to its greater storage capacity, the Baynes
site would be less disruptive to the life of the indigenous
Himba people, and would have lower environmental
impacts.

The Baynes site, about 200 km downstream of Ruacana,
has therefore been selected as the preferred site. The
heightofthe Baynesdamwallwillbe 200 m, while the water
head on the turbines will be 187 m. The reservoir will hold
2 650 million m3, will be 43 km long and have a maximum
width of 4 km. The area inundated by the reservoir would
be 57 km?. It is envisaged that the generating capacity of
the power station would be 600 MW which will be shared
equally between Angola and Namibia. Studies have also
been undertaken on the hydropower potentials of the
Okavango and Orange Rivers. The Baynes hydropower
scheme has not yet been developed but is viewed of
strategic importance to Namibia and the likelihood of
it being developed in the future is high, assuming that
Namibia can find financing for such a development and
it is awarded an environmental clearance certificate in
terms of the Environmental Management Act of 2007.
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That ‘dam’ question - the Epupa Debate

The option of a hydropower dam at Epupa Falls
caused much discussion and debate in the
early 1990s. The Namibian government hoped
that the study, which was funded by Norwegian
and Swedish aid agencies (NORAD and SIDA),
would justify the plan to construct a dam on
the Kunene River. But several international
reviewers, coordinated by local and
international non-governmental organisations
(NGOs), criticised the study and stated that it
contained “inadequacies in its sections on
economics, social and environmental impacts,
hydrological assumptions and alternative
energy analysis.” One reviewer, Professor
Sidney Harring at the City University of New
York and a former Fulbright fellow in Namibia
stated that “Large scale dams are no longer
simply engineering matters: the human and
environmental impacts are fundamental and
must be given full weight.”

The Namibian government argued that the
500 million dollar project would result in
schools and jobs to the region and provide
between 200 to 360 megawatts of much
needed energy for Namibia. However, the
resulting lake would have flooded 380 km?
of land inhabited by thousands of Ovahimba
people and their argument was that they did
not need the work as they already had their
livestock off which they lived. At a tribal
council meeting, a Ovahimba elder argued
that “If the dam is built our grazing area will
be destroyed, our ancestors’ graves will be
destroyed, and more people will come and
settle here.....They will have to build the dam
on top of us.” Besides the social costs and the
flooding of miles of green riverbank which is
the main source of dry-season grazing for
Ovahimba herders, the dam was criticised
as it would have created a reservoir so large
that the rate of evaporation would have
amounted to many times Namibia’s total
urban consumption. It was also felt that the
study underestimated the viability of wind and
solar energy alternatives for the region.
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Worldwide, coal-fired, thermal power stations provide
some 41% of all electricity used. Thermal or steam
coal is blown into the combustion chamber of a boiler,
where it is burnt at high temperature. The energy thus
produced is used to generate steam. The steam is used
to turn a turbine, which is driving a generator producing
electricity. Any thermal power plant has a number of by-
products, which need to be considered in its design and
operation.

Typically, a thermal power plant produces excess
heat which is released into the atmosphere, often via
the characteristic cooling towers. In addition, carbon
dioxide, nitrogen oxides, sulfur oxides, ash and water
vapor emanating from the burning of the coal need to
be discharged, hence coal-fired power plants have large
stacks. Coal fired plants are known be one of the main
sources of carbon dioxide emissions worldwide and
therefore a contributor to greenhouse gas emissions.
Despite readily available technology, many facilities
worldwide have not installed the necessary equipment
to control pollution.

The Van Eck coal-fired power plant on the outskirts of
Windhoek was commissioned in 1973, and has a total
nameplate generating capacity of 120 MW, using four
30 MW generators. Due to the frequent water constraints
in Windhoek, the plant was designed as a dry cooled
station. The coal is imported from South Africa, which
is costly, and the plant is therefore operated only as a
standby and peaking power station.

The stacks are not equipped with air filters, but the facility
does make use of cyclones to reduce fall-out dust. The
Van Eck power station is an aging plant, which is prone
to age-related breakdowns, and runs below capacity.
Nampower is currently upgrading the facility because in
the short term Namibia does not have an option but to
continue using the power station.

In a diesel power station, a combustion engine burning
diesel fuel drives a generator which produces electricity.
Due to the price of diesel fuel, this method of electricity
generation is more expensive than hydropower or
electricity generated from coal. Diesel is therefore
usually only used to generate smallamounts of electricity
and on the basis of stand by for peak electricity demand.

E The Van Eck Power Plant

(Source: NamPower, 2017)

The Paratus power station in Walvis Bay operated six
diesel engines with a capacity of 4 MW each. Like Van
Eck, Paratus was commissioned in 1976, and in 2016,
after 40 years of service, was disconnected from the
grid. The Anixas power station near the old Paratus
power station was commissioned in 2011, and its new
and proven technology guarantees power supply to the
Walvis Bay industry and residents. The station has three
diesel engines with a capacity of 7.5 MW each. Anixas
is a stand-by station for periods of peak power demand.

Apart from these conventional methods to generate
power, energy sources such as solar and wind are
receiving more and more attention. NamPower has
recently awarded a tender for a 37 MW solar photovoltaic
plant near Mariental. The company has also undertaken
a detailed study, which has identified some 31 000 km?
of land as suitable for solar photovoltaic plants, and
the first 4.5 MW solar power plant was commissioned
in Omaruru in 2015. A 5 MW solar power plant is
in operation near Otjiwarongo, and three others at
Grootfontein, Osona and Karibib have been comissioned.
Another plant with a capacity of 3.4 MW has recently
been completed near Arandis, and more are in the
development stage near Tsumeb, Otavi, Outjo, Khorixas,
Okakarara, Mariental, and Keetmanshoop.
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E Omburu Photovoltaic Plant

(Source: Solarage)

Underthe Renewable Energy Feed-in Tariff Programme
(REFIT), 14 independent power producers will each
generate 5 MW from renewable energy sources, resulting
inan additional 70 MW whichis to be fed into NamPower's
grid. The first projects in Grootfontein and Okahandja
were commissioned in 2016, and a further project in
Karibib was commissioned in May 2017. Construction
of two solar power plants with a combined capacity of
10 MW is ongoing near Gobabis. Others are already in
the development phase and expected to be completed
by the end of 2017, or early 2018. This currently amounts
to a very small percentage of the electricity required, but
in the long run Namibia is aiming to harness its solar
potential to its full extend.

The construction of a 45 MW wind power plant under
REFIT near Luderitz is almost complete, and another
wind plant with a capacity of 44 MW is currently under
construction in the same area. Lastly, a feasibility study
and an Environmental Impact Assessment are currently
being completed for a 20 MW biomass power plant,
using encroacher bush as a fuel.

Another important development is taking place in
form of numerous off-grid projects, where renewable
energy sources are used to generate electricity for
local consumption, but the power generated is not fed
into the grid. For example, in 2012, a 200 kW combined
solar and diesel hybrid power plant and a mini-grid for
distribution were installed at Tsumkwe, some 300 km
away from the nearest grid transmission line. Namibia’s
biggest off-grid solar power plant was installed at Gam
village near Tsumkwe in 2014. Its solar panels provide
the whole settlement of approximately 1 600 people with
solar energy.

In addition, some remote villages have received solar
installations from the Ministry of Mines and Energy under
the auspices of the Rural Electrification Program. But
even if within reach of electricity, it makes sense for larger
companies to generate their own electricity, in order to
take pressure off the national grid during daytime, when
solar energy can be harvested. Some leading examples
are NamPower themselves (103 kW), Namibia Breweries
(1.1 MW), and a supermarket chain which has equipped
13 of their stores with a total of 1.5 MW, to name but a few.
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Rooftop solar installation at NamPower
(Source: J-M Smith)

Other energy sources

Apart from the electricity sources currently utilized in
Namibia, electricity is also generated using nuclear
power and geothermal energy in other parts of the
world.

Like all other thermal power plants, nuclear reactors
work by generating heat, which boils water to produce
steam to drive turbines, which in turn drive generators.
In a nuclear reactor, the heat is the product of nuclear
fission, which is the process in which the nucleus of
an atom splits into smaller parts. The only naturally
occurring fissionable element, the uranium isotope
U-235, is frequently used for this process. Electricity
was first generated by a nuclear reactor in 1951, when a
reactor in the USA lit up four light bulbs. A small reactor
in Russia was the first to supply the grid, and operated
from 1954 to 2002. Since 1956, industrial-scale nuclear
power stations have been in operation, and today some
12% of total electricity generated worldwide is from
nuclear power plants.

While Namibia is a major producer of uranium in the
world, it has so far not participated in the other activities
of the so-called nuclear fuel cycle except uranium
mining. The nuclear fuel cycle comprises mining
and milling of uranium ore; subsequent conversion,
enrichment, and fuel fabrication; the use in a reactor
for electricity generation; and final storage, and
reprocessing or disposal of used fuel. However, Cabinet
has tasked the Ministry of Mines and Energy to establish
the feasibility of nuclear power generation for Namibia,
and in response the Ministry is developing a Nuclear
Fuel Cycle Policy. However, the potential development
of a nuclear power plant is a long-term exercise, with
many development and licensing stages, including
environmental impact assessment and clearance.

Geothermal energy is another form of energy that can
be used for electricity generation. Geothermal energy is
the heat from within the Earth. Itis energy from hot water
found within shallow ground as well as rock formations
deeper beneath the Earth’s surface, and extending even
deeper to the extremely hot temperatures of molten
magma. With increasing depth the temperature of
the Earth’s interior rises. Wells can be drilled into
underground reservoirs for the generation of electricity.
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" The hot spring at Ogongo
(Source: F Weldhagen)

Some geothermal plants use the steam from a reservoir
to power a turbine and generator, whilst others use
the hot water to boil another fluid, usually an organic
compound with a low boiling point, that vapourises and
turns a turbine. Countries with hot rocks close to the
surface have a good potential to generate a substantial
amount of electricity from geothermal energy at
reasonable prices. Iceland for example, generates 33%
of its electricity from geothermal sources.

Namibia has a potential for geothermal energy, albeit
limited. A number of hot springs occur throughout the
country following a north-south line. This line extends
from Warmbad in the south via, Ai-Ais, Rehoboth,
Windhoek, and Gross Barmen to Ogongo near
Sesfontein in the north. The original name of Windhoek,
/Ai-//Gams, meaning hot water, bears testimony to this.
However, reservoirs are not very large, and can only be
utilized locally for heating or spas, and not for electricity
generation on a large scale.

Challenges, opportunities and risks

Allthese various forms of energy that generate electricity
have their challenges, opportunities and disadvantages.
Cost is always a majorissue too. It is therefore important
for any country to develop what is generally referred to
as a balanced energy mix. Over-reliance on one type
of energy bears the risk of dependence and problems
in case of failure, while developing a mix gives higher
security of supply, i.e. when one source fails another one
can compensate; a balanced energy mix also provides
an opportunity to minimize the negative impacts.

With climate change being an overarching factor
in many development discussions and decisions,
electricity generation and its associated greenhouse gas
emissions, in particular carbon dioxide, is also subject
to scrutiny. However, electricity generation is not the
only source of greenhouse gas emissions in Namibia.
Burning of wood, for cooking in rural Namibia but also in
urban areas, contributes towards the country’s carbon
footprint. Similarly, cutting down trees increases our
footprint given that when alive, trees are an excellent
carbon sink as they convert carbon dioxide into oxygen.
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Generation of electricity using hydro-carbons (fossil
fuels such as coal, oil, and natural gas) are commonly
regarded as not clean, although the various fossil
fuels give rise to very different emissions when used
to generate electricity. In the first place they emit
greenhouse gas such as carbon dioxide, which is
associated with global warming. Then, if the burning
process takes place in the absence of sufficient oxygen,
toxic carbon monoxide and soot are emitted. Coal
and oil also contain sulfur compounds, which release
sulfur dioxide when burnt, which in turn can lead to
acid rain. Acid rain changes the pH of soils, negatively
impacting on a range of issues from soil biota to plant
communities. In some parts of the world, the emissions
of power plants, coupled with heavy traffic using petrol
and diesel, are so massive that entire ecosystems are
affected and the fresh air supply for human populations
becomes an issue, with Beijing currently being the most
prominent example. The technology available to treat
the greenhouse gases arising from the combustion of
fossil fuels is insufficient to solve the problem. There
is a strong global movement to significantly reduce the
emissions that contribute to global warming.

Hydropower is generally considered a clean energy,
as its generation does not produce any greenhouse
gases. But building a dam may bring about a variety
of negative impacts on the natural environment, as it
disrupts aquatic ecosystems and inundates large tracts
of land that previously hosted terrestrial ecosystems.
The associated infrastructure also requires land,
which requires clearing of natural vegetation. So whilst
impacts on the atmosphere are less, impacts on the
biosphere and hydrosphere are pronounced. Building
a dam can also require the relocation of communities,
and has the potential to destroy important historical and
archeological sites. Thus when considering to build a
dam for hydroelectric power, difficult decisions need to
be made. The location of important graves of the Himba
people in an iconic landscape with high tourist potential
led to the no-go decision of the proposed Epupa Dam
in northern Namibia. And whilst the alternative site
further west in the Baynes Mountains was seen as the
better alternative, it too will also create problems. For
example the aquatic ecosystem at the mouth of the
Kunene River, an important wetland on the coast of

The Paris Agreement

The so-called Paris Agreement of 2016 builds
on the Convention on Climate Change and
brings all nations into a common cause to
undertake ambitious efforts to combat climate
change and adapt to its effects, with enhanced
support to assist developing countries to
do so. The Paris Agreement’s central aim
is to strengthen the global response to the
threat of climate change by keeping a global
temperature rise this century well below two
degrees Celsius above pre-industrial levels
and to pursue efforts to limit the temperature
increase even further to 1.5 degrees
Celsius. Additionally, the agreement aims to
strengthen the ability of countries to deal with
the impacts of climate change. To reach these
ambitious goals, appropriate financial flows, a
new technology framework and an enhanced

capacity building framework will be put in
place, thus supporting action by developing
countries and the most vulnerable countries,
in line with their own national objectives.

147 countries have ratified the Paris
Agreement, Namibia is amongst them and has
submitted a new Climate Action Plan to the UN
Framework Convention on Climate Change.
In this plan, Namibia commits to reduce
greenhouse gas emissions dramatically
by 2030, reduce deforestation by 75%, and
increase the share of renewable energy in
the total energy generation to 70%. This will
cost about US$ 33 billion. Accession to the
Paris Agreement gives Namibia access to the
Clean Climate Fund, and projects dealing with
climate change adaptation with reference to
water, food and energy security are under way.

western Africa, will be severely affected as the amount
of available water downstream from the dam will be
reduced. Another environmental impact associated with
hydroelectric dams relates to the considerable amounts
of reinforced concrete that are required to build a dam
wall and its associated infrastructure. The production of
cement requires a large amount of energy, derived either
from coal or wood, and results in substantial volumes of
greenhouse gases being emitted.
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In many parts of the world nuclear power is seen
as a clean energy source, again because it does not
contribute significant amounts of carbon dioxide to the
atmosphere. For this reason some people advocate that
compensating nuclear fuel for fossil fuels to generate
electricity is good because it will play an important
role in reducing the emission of greenhouse gases.
But while nuclear power generates lots of carbon-free
energy, it is an energy source that is rejected by many
people because of the associated radiation risks and the
difficulties with the disposal of nuclear waste.

Prominent accidents such as the one at Chernobyl in
1986 have released large amounts of radioactive material
into the environment with disastrous consequences for
humans, fauna, and flora. The more recent accident
at Fukushima has once again demonstrated the
vulnerability of human constructions when it comes to
the forces of nature. Considerable destruction occurred
as a result of a submarine earthquake, which generated
the tsunami, that hit the coast of Japan in 2011. The
damage to the Fukushima nuclear plants rendered
an area of 150km2 uninhabitable, resulting in the
displacement of local communities. No deaths occurred
as a result of the release of radiation.

Many people also reject nuclear energy because the end
product, nuclear waste, remains radioactive for a long
time. Storage of nuclear waste needs to be carefully
addressed and managed well beyond the lifespan of
the current generations. Such a liability is not readily
taken on by society. Like fossil fuels, uranium is a non-
renewable resource, however it is more abundant than
fossil fuel. Despite these disadvantages, more nuclear
power plants are currently under construction than at
any time in the last 25 years, in a drive to reduce carbon
dioxide emissions.

Because they are renewable resources, solar and
wind energy are considered the ultimate solution
in clean energy production. More recently, they have
also become more cost competitive. While emitting no
greenhouse gases or other waste during the generation
stage, there are negative environmental impacts
associated with the development of these technologies,
which renders them less clean than one would think.

The manufacture of both, solar panels and windmills,
require large amounts of raw materials. Both solar
and wind have a major disadvantage in that they cannot
generate electricity if the sun is not shining or the wind
is not blowing or is fluctuating too much. Therefore,
these technologies require power systems back up
technology, which are often not environmentally friendly.
Solar and wind farms usually cover large areas where
they interfere with other forms of land uses and impact
on biodiversity and aesthetics. The comparatively small
Gam solar power plant, for example, covers an area
of two soccer fields. Windmills can pose a significant
threat to bird populations, and the noise pollution they
cause influences terrestrial ecosystems. Technology
development is therefore unfortunately often associated
with some form of environmental degradation, as is the
case with the other forms of electricity generation.

Lastly, whilst solar and wind technology is very important
in Namibia’s energy mix, it brings an additional challenge
for NamPower. The intermittent nature of solar and wind
power can pose a problem for the transmission and
distribution of electricity, due to the inherent variations.

Geothermal energy has the risk that certain greenhouse
gases can be released from underground during the
extraction process, and that surface instability can be
caused. But other than that the potential impacts are
small. However, because geothermal energy is linked to
very specific geological conditions, it is not an option that
is readily available everywhere.

Concluding remarks

It is important to remember that there is no such thing
as clean energy and as long as people’s energy needs
continue to grow, electricity generation will continue
to have an impact on the environment. However, the
considerable progress made since the climate change
debate started about 30 years ago, suggests that
sustainable solutions could be achievable in the long
run, if all nations committed to developing an energy
mix that is tailor-made for their country’s conditions,
whilst ensuring reduced greenhouse gas emissions and
minimizing other negative environmental impacts. [t
also requires a large commitment to the more efficient
use of energy.
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In order to support this, the Namibian government has
worked on a number of policies, such as the National
Energy Policy, the Renewable Energy Policy, and the
Independent Power Producer Policy. In addition,
government has finalised the National Integrated
Resource Plan (NIRP). The NIRP assesses the full
range of power supply development options that can
meet future national needs. It provides information on
the size, type and timing of supply projects needed in
the electricity supply industry. The Energy Policy was
developed in 2016-2017 and addresses the following
aspects:

e The supply, transmission and distribution of both,
electricity and fuel (petrol and diesel), as well as
the development of an oil and gas sector.

The development of the country’s bio-energy
resources, focusing on solar and thermal and cross
cutting issues, including the need to ‘limit’ the
adverse impacts of Namibia's energy sector on the
natural environment.

The integration of energy planning into all national
development planning activities throughout all tiers
of government.

The development and maintenance of a
comprehensive, quality-assured, and credible data
base of energy resource and consumption data for
Namibia.

" Electrical transmission lines
(Source: A Engelhardt, 2016)
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3.3 USE OF FRESH WATER

Namibia is the most arid country in the Southern African
Development Community and water resources are
scarce. To truly understand and manage this essential,
non-renewable resource, one has to consider water
within the context of its ecosystems, be it riverine, lake
or sea. In Section 3.1 the use of wetland ecosystems
was discussed and the numerous ecosystem services
they provide were listed; water provision being just one
of them. In this section the book focuses on the issue
of water provision and use because it is so critical to
Namibia’s welfare, and Namibia's water policies and
plans should be better understood.

Water supply for a nation

Namibia needs to plan and develop its water supply
infrastructure toensure the long termavailability of water
to the country. The primary objective of this planning is
to have adequate water schemes in place where and
when required. Poor planning, bad management and
a lack of implementation are not an option. Since 1973
water development in Namibia has been guided by the
Master Water Plan which has a thirty-year planning
horizon, and is updated every 20 years.

The main directives of the 1993 Master Water Plan are:

e Water from the perennial rivers (Kunene, Orange,
Okavango, and Zambezi) on the northern and
southern borders of Namibia should in principle
be used for domestic use and irrigation by nearby
communities to reduce pumping costs and energy
demand.

e Water from the Kunene should be diverted into
the northern, ephemeral Cuvelai basin. This water
scheme is the Cuvelai Water Supply Scheme.

e  Water from the Okavango should be imported to the
central area of the country to augment the water and
groundwater resources, which would not be able to
meet the demand in the future. This project is called
the Eastern National Water Carrier (ENWC).

e Water from the ephemeral Fish River should be
reserved for domestic use and irrigation. A number
of dams should be built as the demand increases
to store the runoff in the river during the rainy

] [ i o Py
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The 1993 Master Water Plan

(Source: P Heyns)

Important water schemes for Namibia

Cuvelai Water Supply Scheme

The Cuvelai Water Supply Scheme collects
water from the Kunene for the northern
Cuvelai area.

Eastern National Water Carrier

The Eastern National Water Carrier collects
water from the Karstveld, and in future perhaps
the Okavango River to supply and augment
current water resources in central Namibia.

Central Namib Water Supply

The Central Namib Water Supply collects
water from groundwater aquifers (Omdel and
Kuiseb aquifers) and the Areva desalination
plant to supply the Central Namib.

Fish River and perennial rivers (Kunene,
Orange, Okavango and Zambezi)
The water from these resources is used for
local irrigation and domestic use.
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season. Water from these dams could also be used
to augment the local groundwater resources when
they become insufficient to meet the demand of
small towns or the agricultural sector.

The groundwater resources in the alluvium of the
Kuiseb and Omdel aquifers supplying the central
Namib area should be augmented by desalination of
sea water and the available water resources should
be used on an integrated basis. This scheme is
known as the Central Namib Water Supply Scheme.
The rest of the country should rely on groundwater
resources in cases where the quality and quantity of
the sources are available to meet the demand.

More than half of the population in Namibia lives in the
north within the Cuvelai Basin. The Cuvelai drainage
system originates in southern Angola and drains into
the Etosha Pan. The surface runoff during the rainy

season is ephemeral and unreliable while deeper lying
groundwater is generally too saline for human and
animal consumption. Although shallow wells can provide
potable water, it is often polluted, unsafe and dries up.
The only way to provide reliable water is to import water
from the perennial Kunene River.

Namibia draws water from the Kunene River at the
Calueque Dam in Angola, about 18 km north of the
border. Namibia may, according to a water treaty
between Angola and Namibia, abstract 180 million m?
of water per annum. The water is pumped into a canal
that runs across the border into Namibia and continues
southwards to the Olushandja Dam where it turns south-
easterly via Ombalantu and Ogongo to Oshakati. At each
of the larger towns there are water treatment plants and
potable water is supplied to the local population through
an integrated network of pipelines.
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Layout of the water supply infrastructure in the Cuvelai Area

(Source: P Heyns)
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E Cuvelai water scheme coverage by 1990
( Source: P Heyns)

" Cuvelai water sheme coverage by 2010
(Source: P Heyns)

: Canal between Grootfontein & Omatako

(Source: P Heyns)

i Eastern National Water Carrier

(Source: P Heyns)

The development of this system started in the early 1960s,
and after Independence in 1990, the rural network was
extended. The canals and dense network of primary,
secondary and tertiary water reticulation pipelines total
several thousand kilometers in length and supply safe,
potable water to more than 90% of the people in the
northern Cuvelai Basin. The images above compare the
status of the water development in 1990 with that in 2010.

The single largest water project in Namibia is the
Eastern National Water Carrier. Once completed, the
water carrier will import water from the Okavango River

on the north-eastern border of Namibia to augment
water supplies in the central, eastern and western areas
of the country.

This project is being developed in phases according
to water demand, the potential of the internal water
sources to meet demand, and the availability of capital
funds. The water carrier has three main components:

e Three dams, namely Von Bach, Swakoppoort and
Omatako in the central area of Namibia. These
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dams are linked to each other and can be operated
on an integrated basis to optimise the yield.

e The link between the dams and groundwater
resources in the Karst area in the Tsumeb -
Otavi - Grootfontein triangle. This link comprises
a 260 km open canal and inverted syphons
between the Omatako Dam and Grootfontein.
The canal has a parabolic shape to reduce
evaporation losses from the canal. The full
supply capacity of the canal is 60 Mm?3/a.

o Pumping main between Rundu on the Okavango
River and Grootfontein. This development should
have been completed by 2010, but has been delayed
until at least 2020 due to the conjunctive use of
surface and groundwater sources, the reclamation
of domestic sewage to potable water, innovative
water resource management practices and the
water demand management programme in central
Namibia.

The central coastal towns of Namibia, Walvis Bay,
Swakopmund and Henties Bay, as well as Arandis,
and the three uranium mines Roéssing, Husab and
Langer Heinrich, respectively some 60 km north-
east and south-east of Swakopmund, are the main
centres of economic activity in the central Namib
Desert. All these developments are supplied with
water from alluvial aquifers in ephemeral rivers
and a desalination plant at Wlotzkasbaken. The
Omdel Aquifer lies north-east of Henties Bay in the
Omaruru River and the Kuiseb Aquifer is south-east
of Walvis Bay in the Kuiseb River. The Kuiseb Aquifer
comprises three water compartments located at
Swartbank, Rooibank and Dorop near the sea. The
well-fields in these aquifers are linked to the supply
centres by means a network of more than 200 km of
pipelines, pump-stations and reservoirs. The Omdel
Dam was built to enable the artificial recharge of the
Omdel aquifer and to secure a supply of water for
Swakopmund, the Rossing Uranium Mine and Henties
Bay. For many years, the sustainable extraction of
water from the Omdel was possible, however with the
growth of all the coastal towns, the required demand
has exceeded the sustainable yield of the Omdel.
There is also a desalination plant at Wlotzkasbaken,
which has a current supply capacity of 13 Mm3/a.

The plant has a modular design and the desalination
units can be increased over time as the demand
increases to supply 20 Mm?/a.

The water demand and the safe yield of the water
resources in the central Namib in 2016 are shown in
the following table. The pipes between Walvis Bay and
Swakopmund are unidirectional, only allowing water to
flow from Walvis Bay to Swakopmund. Thus at present,
the Kuiseb aquifers only supply water to Walvis Bay,
Rooibank etc., whilst the desalination plant and Omdel
aquifers supply water to all of the towns, mines and
farms north of the Swakop River.

" Areva Desalination Plant
(Source: G Schneider, 2011)

; Central Namib Water Supply Scheme
(Source: P Heyns)
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WATER DEMAND

CONSUMER GROUP (Mm3/a)

Arandis 0,34
Henties Bay 0,57
Swakopmund 4,99
Walvis Bay 6,92
Small consumers 0,88
Subtotal Domestic and

Industry 13,70
Mines 13,60
TOTAL 27,30

Estimated water demand and water resources in 2017

(Source: P Heyns)

The water demand at the coast has jumped since the
end of 2016 as the Husab mine went into production.
In the table on the left, it can be seen that the 2017
estimated total water demand for the central Namib is
27,3 Mm?3/a. In the table on the right the total availability
of the groundwater sources, based on the lower
sustainable abstraction, plus the present capacity of the
desalination plant, is 23 Mm3/a. This means there is a
shortfall of 4,3 Mm3/a between the demand and supply,
which will also increase over time. For future increased
demand the focus must be on increased desalination.
As desalination plants require large amounts of
electricity to function, the emphasis should be on solar
and wind driven plants. As advocated in the Harambee
Plan, consideration will be given to develop an additional
desalination plant to come on stream by 2020 and
supply 25 Mm¥/a. This target is designed to address the
water security situation at the coastal towns and meet
the growing water demand for domestic, industrial
and mining use. It is anticipated that this development
will need to be done on a private - public participation
(PPP) basis as this will free up financial resources for
the construction of critical water infrastructure in other
parts of the country, such as dealing with the looming
water crisis in the central area of Namibia.

WATER SOURCE SUSTAINABLE YIELD

(Mm3/a)
Kuiseb Aquifers
Omdel Aquifer 3-9
Areva Desalination Plant 13-20
TOTAL 23-40

Storage of water resources

Large dams are capital intensive structures that
are normally used to supply water for domestic use,
industry, mines, irrigation and hydropower generation
or for a combination of those uses. Such dams will
normally not be built unless they are economically viable
or of strategic importance to ensure a reliable supply of
water, the reason being that dams are very inefficientand
have a large impact on the environment. The eventual
selection of a dam site is determined by a number of
natural factors, such as the hydrology, topography and
geology, as well as the location of the future consumers
of the water.

Ten major dams have been built in Namibia and one
is under construction on the Fish River at Neckartal
near Keetmanshoop, while a feasibility study is being
done for another dam on the lower Orange River, about
6 km upsteam from Noordoewer. A list of the major
dams in Namibia is provided in the following table. The
construction of the Neckartal Dam in the south of the
country will be completed by 2020 and will increase
the yield of the Fish River system with 80 Mm3/a. The
preliminary Namibian share in the yield of the proposed
dam on the Orange may be about 300 Mm?/a.
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: Neckartal Dam : Von Bach Dam

(Source: HP.Baumeler) (Source: idreamafrica.com.na)

95% SAFE
TYPE OF HEIGHT CAPACITY
MAIN PURPOSE YIELD
STRUCTURE (m) (Mm?) (Mm?¥/a)
Domestic use and g
Hardap irrigation Rockfill 30 300,2 50,0
Domestic use and g
Naute irrigation Concrete gravity arch 37 83,6 12,0
Swakoppoort Domestic use Concrete arch 33 63,5 4,7
Von Bach Domestic use Rockfill 35 47,5 6,9
Omatako Domestic use Earth embankment 12 43,5 2,1
Omdel Aquifer recharge Earth embankment 36 42,0 5,2
Oanob Domestic use Concrete arch 55 34,5 4,5
Otjivero Domestic use Concrete gravity 21 17,6 1,4
Dreihuk Domestic use Rockfill 21 15,5 0
] Domestic use and g
Friedenau mining Concrete gravity 23 6,7 0,5
: 8 e Curved concrete
Neckartal Domestic and Irrigation gravity 78,5 857 120

Major dams in Namibia

(Source: P Heyns)
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The two major demands on water resources in Namibia
are either urban centres, or agriculture for both the
commercial and communal farming areas. From the
information shown in the following two tables it can be
concluded that, in theory, the present water resources,
which have been mobilised for supply [namely
b44Mmd/a], can meet can meet the estimated demand
[about 646Mm?/a] until 2025/2026, but additional water

resources will have to be mobilized to meet future
demand. It is clear that water is a limiting factor in
all facets of development in Namibia. The low and
unreliable rainfall severely restricts the possibilities for
reliable food production through dryland crop farming
and although irrigation can improve the situation, it is
mostly restricted to the areas adjacent to the perennial

rivers.
VOLUME (Mm3/a)
MOBILISED FOR

Kunene (at Ruacana) 5500 70
Okavango (at Rundu) 5000 -
Okavango (at Mukwe) 10 000 36
Cuando (at Kongola) 1300 -
Zambezi (at Katima Mulilo) 40000 15
Orange (at Noordoewer) 11000 148
TOTAL 269
Perennial . .

surface water Installed abstraction capacity 269
ESlt}gcmee&/aEIlter Full development at 95 % assurance of supply 200 210
Groundwater Estimated long term sustainable safe yield 300 150
Unconventional . ; A

water Reclamation, re-use, recycling, desalination 15 15
TOTAL 644

Water resource potential and availability

(Source: P Heyns)

CONSUMER DEMAND (Mm3/a)
GROUP

Urban 80.0
Rural Domestic 10.6
Livestock 86.8
Irrigation 204.6
Mining 17.2
Tourism 27.5
TOTAL 426.7

Estimated water demand in Namibia
(Source: P Heyns)

100

91.1 103.5 117.2
10.9 11.1 1.4
86.8 86.8 86.8
344.6 379.8 497.2
18.1 19.1 20.3
31.9 8582 38.9
583.4 635,5 771.8
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Because of high evaporation and marginal soils,
agricultural practices consume huge quantities of
water. Stock farming is practiced almost everywhere
in the country; however, it is limited by the availability
of grazing, which in turn is subject to low rainfall and
poor rangeland management and compounded by
long periods of drought conditions. This situation
illustrates the need to be innovative to meet the water
supply challenges and to conserve or save the country’s
precious water resources as much as possible. Namibia
has developed some innovative methods to achieve water
saving. These are explained in the following sections.

Saving water through inter-basin water transfers

The mean annual precipitation in the central area of
Namibia varies between 300 and 400 mm while the mean
annual potential evaporation varies between 2 800 and
3200 mm. This deficit between rainfall and evaporation
means that the loss of water through evaporation from
open water surfaces in the dams is extremely high
and various methods to reduce evaporation have been
considered.

Water engineers have increased the efficiency of using
surface water resources by making use of inter-basin

water transfers in an innovative way. The aim of these
transfers is to limit the amount of evaporation i.e. is
to transfer water from a dam with less favourable
evaporation characteristics (a dam with a larger surface
area has more evaporation losses) to a dam with more
favourable evaporation characteristics (a dam with a
smaller surface area and less evaporation losses).

Four large dams have been built in central Namibia,
namely the Von Bach, Swakoppoort, Omatako and
Otjivero. The Otjivero Dam supplies water to Gobabis
while the Von Bach, Swakoppoort and Omatako supply
water to the capital, Windhoek, a number of small towns
and two mines. The Swakoppoort and Omatako dams
are linked by pipelines to the Von Bach Dam. The Von
Bach Dam is the nearest to Windhoek and has the most
efficient basin characteristics because the surface area
of the water is smaller in relation to the Omatako Dam
and the Swakoppoort Dam. The water that is impounded
in the Omatako and Swakoppoort Dams after the rainy
season is transferred as soon as possible to the Von
Bach Dam, provided there is space available in the Von
Bach Dam to store the water. In this way the quantity
of water that would have evaporated from the larger
surface areas of these dams is reduced.

Omatako

—

Von Bach

" Basin shapes of the linked central area dams
(Source: P Heyns)
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Evaporation reduction systems

Another innovation aimed at reducing evaporation and increasing yield, was applied at the Otjivero Dam, the 4"
largest dam built in central Namibia. The Otjivero Dam comprises a main dam and an upstream silt trap dam as
shown in the following figure.

Main Dam Wall

Silt Trap Dam Wall

E The Otjivero silt trap dam and the main dam

(Source: P Heyns)

" Otjivero silt trap dam : Otjivero damwall
(Source: P Heyns) (Source: G Schneider, 2011)
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Silt Trap Dam

Main Dam

Main Dam

" Evaporation reduction system
(Source: P Heyns)

If only the Otjivero Main Dam had been built, it would
have been relatively shallow and had a large surface
area from which a lot of water would have evaporated
(See 1 in the figure above).

The silt load in the runoff to the dam was predicted to be
high and the dam basin would have been prone to heavy
siltation. It was therefore necessary to construct a silt
trap dam upstream of the main dam. This improved the
evaporation characteristics of the main dam as the water
depth was increased and the surface area reduced (2).
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When the water level in the silt trap dam is higher than in
the main dam, it is possible to transfer the water under
gravity from the silt trap dam into the main dam (3).

When the waterin the two dams is at the same level, water
is pumped from the silt trap dam into the main dam. In
this way the water in the silt trap dam ends up in the main
dam basin which is much deeper and has a much smaller
surface area [(4).
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Conjunctive use of surface water and groundwater
Conjunctive use is conserving the available underground
water while the surface water is utilised first. A surface
water or groundwater source normally has a sustainable
safeyield, but when a dam and an aquifer are interlinked,
water can be abstracted beyond the sustainable safe
yield of each of the individual sources. The water in the
dam can be used more quickly to obtain a higher yield,
but the ability of the dam to supply water in the longer
term will be lower. However, less water evaporates over
this time and the efficiency of the surface water sources
is increased. This faster use of water means that water
that would have evaporated is available for use and when
there is any shortfall in the supply from the dam, the
groundwater source serves as a back-up. Water can be
sourced from the stored groundwater which would not
have evaporated while the surface water was used.

The conjunctive use of surface water from perennial
and ephemeral rivers, groundwater and unconventional
water sources, such as reclaimed effluent, is an
important management tool to conserve water, to
increase resource efficiency and to reduce water supply
costs. Similarly, if an aquifer has to be over-abstracted
for some time, the depleted groundwater in the aquifer
can be recharged with water from the dam.

In this way water that would have evaporated from the
dam is saved and stored in the aquifer for later use
when the water level in the dam is low. The available
space in the aquifer is also replenished with water from
an additional resource that comes from beyond the
recharge area of the aquifer. This further increases the
yield of the aquifer. The conjunctive use of surface water
and groundwater has a number of different meanings
and applications in Namibian terminology. A difference
is made between:

e The conjunctive use of surface water and
groundwater;

o the artificial recharge of an aquifer with surface
runoff; and

e the banking of purified surface water in an aquifer.
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Important water definitions

Conjunctive use

Conjunctive use is when a groundwater
resource that is linked to the same water
supply scheme as a surface water source, is
held in reserve as a back-up while the surface
water resource is used.

Artificial aquifer recharge

Artificial aquifer recharge is when surface
runoff in a river is collected in a dam to allow
the sediments and silt material in the water to
settle out in the dam and then to use the clear
water to recharge the aquifer more efficiently
than a normal runoff event, thus improving the
yield of the aquifer

Water banking

Water banking is when the raw water in a
reservoir is purified in a conventional water
treatment plant and used to recharge an
aquifer that is over abstracted beyond its
natural recharge potential.

Water Demand Management (WDM)

WDM attempts to reduce wastage and to
enhance efficient use of water through the
reduction of water losses and water wastage,
block water tariffs, punitive water tariffs for
excessive water use and educating the water
users about measures to save and conserve

water.
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The Karst Aquifers in the vicinity of Grootfontein and
Tsumeb in the north of Namibia have been thoroughly
investigated to determine their sustainable safe yield. It
was determined that 12 Mm?3/a could be abstracted over
a period of three years, but then the aquifer should be
allowed to recover over the next 15 years to replenish
the 36 Mm? abstracted. The Kombat Mine has to be
dewatered for mining purposes, and this water was
supplied to Okakarara for many years instead of using
the Tsumeb aquifer.

It was also found that the closed Berg Aukas Mine in the
Karst Aquifer near Grootfontein has a large stored volume
of water in the mine's excavations and about 4 Mm3/a can
be abstracted sustainably, when required, for augmenting
the water supply to the central area of Namibia. Another
example is the disused Abenab Mine between Tsumeb
and Grootfontein. This aquifer is at present under
consideration for linking to the Omatako canal to augment
the water resources in the central area, as it contains vast
amounts of good quality water.

By having the available groundwaterin the Karst Aquifers
and mines like Kombat, Berg Aukas and Abenab for use
on a conjunctive basis, the 95% assured safe yield of
the three dams can be increased from 20 to 30 Mm¥%/a,
without actually having to use the groundwater, unless
the dams have dried up. The unused groundwater
therefore serves as an insurance against supply failure in
the event that the dams have been used at a higheryield,
with a lower reliability, and thus using water that would

have evaporated from the dams. Due to increased water
resource conservation, improved water use efficiency
and water demand management strategies, the need
to link the internal water resources of Namibia with the
Okavango River will most probably not be necessary
before 2020.

Artificial aquifer recharge

The Omdel Aquifer is an alluvial aquifer at the mouth
of the Omaruru River near Henties Bay. The natural
recharge of the aquifer comes from erratic and
unreliable ephemeral surface runoff and underground
flow. In studies done on the runoff and recharge in the
Omaruru River, it was found that although the aquifer
sediments were relatively coarse, about 80% of the
water during flood events flows directly into the sea
without recharging the aquifer. Therefore in 1989, the
Omdel Dam Artificial Recharge Enhancement Project
was proposed to improve recharge to the aquifer.

The project comprises the Omdel Dam (see figure
below), constructed about 36 km north-east of Henties
Bay at a suitable site located upstream of the aquifer.
The purpose of the dam is to impound the runoff. This
allows the sediments and fine materials in the water
to settle. The clear water is then decanted off from
the top, through an abstraction tower and channeled
downstream along the river bed and collected in
infiltration basins. Here the clear water infiltrates and
recharges the aquifer artificially.

Omdel aquifer
artificial recharge
enhancement project

(Source: P Heyns)
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The dam was completed in 1996. The embankment
of the reservoir is a unique and innovative design as
it has to ‘float’ on about 45 m of alluvial material that
could not be excavated down to bedrock level due to the
water in the alluvium. The embankment comprises an
impervious clay core and a downstream blanket of clay,
supported by upstream and downstream shoulders
constructed from permeable sandy soils. The control of
seepage under the embankment is achieved by means
of a complex, drainage system.

The Omdel Dam Project was the first major water
infrastructure development in Namibia that was
subjected to an environmental impact assessment
during the feasibility study phase. In 1996 the project
was the recipient of the prestigious Shell Environmental
Award from the then Right Honourable Prime Minister
of Namibia and patron of the Award, Dr Hage Geingob.

Water banking in the Windhoek aquifer

Water banking is also referred to as managed aquifer
recharge. The Windhoek Aquifer is located in the
foothills of the Auas Mountain to the south of the City of
Windhoek and has been an important source of water
for more than a hundred years.

The total present water demand in Windhoek is
about 35 Mm?3/a and the City has three sources of
water supply, namely groundwater from the aquifer,
reclaimed domestic sewage effluent from the Windhoek
reclamation plant, and surface runoff purified at the Von
Bach Dam. The domestic sewage water reclamation
plant was built in 1958 and its pioneering design was
recognised world-wide. Von Bach Dam was completed
in 1970.

The Windhoek Aquifer consists of a number of geological
units which can store water in fractures. A pilot project
was started to bank water on an experimental basis by
injecting water into the aquifer. The groundwater is of
a very high quality and complies with Group A water
according to the Namibian Guidelines for the Evaluation
of Drinking Water for Human Consumption. Care is
taken to not contaminate the aquifer. Therefore prior to
aquifer recharge, the water is chlorinated and treated
with granular activated carbon before it is injected
into the aquifer. The groundwater stored in the aquifer
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E Abstraction tower of the Omdel dam
(Source: P Heyns, 2005)

cannot evaporate and the water that would otherwise
have evaporated from the Von Bach Dam is banked for
later use. When the aquifer has been fully recharged,
the quantity of water replaced would represent more
than one year of supply to meet the demand of the City of
Windhoek. Hence, the banking of water in the Windhoek
Aquifer significantly improves the security of supply.

Pumped storage dams

Due to the flat topography of the landscape of the Cuvelai
basin in the north of Namibia, there are no possibilities
for the construction of conventional dams. One way
of storing runoff during the rainy season is to build
excavation dams in the oshanas. A complication is that
the groundwater in the Cuvelai is saline and the depth of
an excavation dam is limited to about three to four metres
below ground level, down to the saline water interface.
If the dams are made deeper, the fresh water will be
contaminated by the saline groundwater. One option is
to make the surface area greater. However, this is not
efficient as the area of water exposed to evaporation will
be more for the same water depth. In order to improve
the evaporation characteristics of the dam, the depth of
water in relation to evaporation area must be increased.
This is done by raising the dam above the normal ground
level and thus increasing the water depth. A pumped
storage dam is illustrated in the following figure.
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Recycling water and fresh water substitution

Recycling of wateris defined as the reuse of water without
any further treatment. The use of saline water instead
of fresh water is a method used to conserve scarce
water resources. The mining industry is confronted
by economies of scale when it comes to water saving
strategies due to the sheer amount of water they use and
the fact that they must pay the full cost to recover capital
and operating costs. It has therefore become viable for
some mines to take action to save water through the
recycling of water from the slimes dams. Rossing Mine
serves as an example.

The quantity of freshwater used by the mine has
decreased dramatically from 9.5 Mm3/a in 1977 to
2.1 Mmd/a in 2015. The total amount of water used by
Rossing has remained more or less at 1997 levels, but
the freshwater use has largely been replaced by the use
of recycled water and the abstraction of saline water
(freshwater substitution) for dust suppression from an
aquifer in the Khan River. A brief financial cost benefit
analysis by Rossing showed that by 1994 the benefit to
recycle the water from the slimes dams outweighed the
costs of fresh water by approximately N$ 67 million.

In towns like Windhoek, Walvis Bay and Swakopmund
domestic sewage effluent is treated to yield a quality
of water that is fit for reuse to water gardens, parks
and sport fields. The reclamation of domestic sewage
effluent to potable water quality standards [fit for human
consumption) in the City of Windhoek has been practiced
successfully for nearly 30 years.
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Sustainable management of water resources Namibia
Because of the ever increasing water demands of our
urban centres, which are remotely located from water
sources, Namibians are now, more than ever, focussed
on managing their water demand. Water Demand
Management (WDM) is a fundamental part of the
sustainable management of the water sector in our
arid country. It focuses on finding ways to “stretch” the
available water supplies instead of building additional
infrastructure to supply more water to meet a wasteful
demand. WDM can be implemented in many ways. These
tools include market mechanisms such as economic
pricing and incentives, non-market mechanisms such
as the application of standards, quotas and fines on
water use and direct intervention such as repairs to
leaks, reduction of non-revenue water and promotion
of water efficient technologies. All three of these tools
are applicable to the industrial, commercial, civil and
private sector. The way that individuals can contribute
positively to WDM is discussed in Chapter 4. Some ways
that Government currently implements water demand
management are to:

e Inform the public on how to save water and what to
do;

e charge water tariffs to recover delivery costs;

e promote the principle that water is valuable;

e make provision for the recovery of cost from the
poor;

e impose a rising block water tariff system to charge
large consumers a penalising price for water;

e reduce water losses from pipelines, taps etc.
through effective monitoring and maintenance;
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e charge tariffs on waste water produced in order
to promote reduced consumption and efficient
practices;

e avoid locating high water using industries in areas
with scarce water sources;

e use technology to use fresh water more efficiently
and to recycle, reuse, and reclaim waste water; and

e adopt better agriculture methods and use more
efficient technologies so as to reduce the volume of
water required for irrigation.

Rainwater harvesting is a practice that needs to be
encouraged throughout Namibia, but particularly in the
northern parts where rainfall is higher. Some municipal
bylaws prohibit people from harvesting water from their
roofs and where these laws are still in place, they should
be abolished. If rainwater falling on a roof is diverted
into a tank, this water can be used in the garden or in
the home, although the later will require purification
(chemical or boiling).

Concluding remarks

Namibia is making a constructive contribution to meet
the global challenge to utilise its water resources
sustainably in order to supply water for socio-economic
development. By using the available surface and
groundwater on a conjunctive basis and reducing
evaporation by using innovative ways to improve water
resource efficiency, the security of water supply in an
arid environment is being improved considerably. In
addition, these measures enable Namibia to be better
prepared and more resilient to combat the adverse
effects of periodic major droughts and climate change.

© Some 10 000m? of water is reclaimed daily from the Rossing Mine tailings dam and re-used in the processing
plant. Recycle lakes on the right
(Source: K-A Terblanche)
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3.4 THE VALUE OF MINERAL RESOURCES

Mineral resources are found in the lithosphere, in
bed rock or sediments. Typically one does not think of
geology as providing ecosystem services. Yet Namibia's
lithosphere provides a wealth of ore deposits as well
as geothermal energy, both of which are provisioning
services. Because mining is so prevalent in Namibia
and has been expected to meet legal requirements for
environmental management for many years, this book
explores utilisation of mineral resources in depth. The
aim is to showcase some of the advances that have been
made towards the sustainable use and management
of resources. Following a historical introduction, the
second part of the chapter introduces the environmental
issues and safeguards in place for each stage of a mine's
life cycle. Clearly every mine has its particularissues that
need to be addressed which are specific to the ore that
is being mined, the processes being used and the nature
of the site. The chapter ends with a brief summary of the

different mining sectors which aims to provide an insight
into the complexity and wealth of mineral resources that
are being explored and developed in Namibia.

Mining plays a vital role in the Namibian economy and
currently contributes 11.1% to Namibia's GDP, 7.3% of all
taxes paid to the Namibian tax coffers come from mining,
and 74% of all export earnings are also derived from this
sector of the Namibian economy. Equally important is
local employment with thousands of people employed
directly and many more employed by businesses that
support and service the mines. However, minerals are
a non-renewable resource, which means that at some
stage the orebodies will become mined out. If mining
is to maintain its elevated position in the Namibian
economy, mineral resources need to be managed very
carefully.
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While there are many opportunities to develop the
mineral resources of Namibia, there are also numerous
challenges. The country has a well exposed geology
that harbors potential for new mineral finds. The
Namibian Geological Survey's excellent data base and
its internationally acclaimed high resolution airborne
geophysical survey, covering the entire country, supports
exploration efforts.This is important, as the deposits that
were visible on the ground, such as the famous green
hill at Tsumeb, have long been found. Now the aim is to
find mineral deposits that are concealed and occur at
depth. Namibian policy and legislation actively promotes
exploration and mining, and aims at attracting investment.

A brief history of mining in Namibia

According to archaeological evidence, the earliest mining
activities in Namibia (copper smelting) took place at least
400 years before present in the area west of Windhoek.
It is also well established that the indigenous people of
the Otavi Mountainland made use of the abundant copper
ores in the area for many centuries. The first written
accounts of Namibia’'s mineral resources can be found
in reports from the second half of the 18th century. The
discovery of guano on Ichaboe Island in 1828 greatly
stimulated interest in the area, and eventually led to the
discovery of the Pomona silver-lead occurrence in 1857.
Just a year earlier; in 1856, Namibia's first formal mine,
the Matchless Copper Mine had opened near Windhoek.
Extensive exploration soon led to the opening of the
Natas, Pot and Sinclair Copper Mines. Formal mining at
the well-known Tsumeb copper deposit started in 1906,
and the first smelter was established there in 1907.
Other deposits in the Otavi Mountainland were also
exploited and a railway line was built for ore transport
to Swakopmund. The holding company Otavi Minen und
Eisenbahngesellschaft became one of the most profitable
ventures in Namibian history.

The Khan copper mine east of Swakopmund came on
stream in 1905. Copper was also produced from 1907
onwards at Otjizonjati east of Windhoek, and at Gorob and
Hope southeast of Swakopmund. The first tin discoveries
were made in 1908 near Omaruru, and by 1912, 14
tin mines had been established. The most important
discovery was, without a doubt, made in 1908, when the
first Namibian diamond was found near Lideritz. More
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Formation of mineral deposits:
Desert Diamonds

The world’s largest gem diamond deposit,
consisting almost entirely of gem-quality
stones, occurs in the Namib Desert. The
long-lived and lengthy sedimentary “conveyor
belt” that transported sand, mud and gravel
down the Orange River from the hinterland of
southern Africa to the Atlantic Ocean and then
northward along the Namib shore and back on
land again, did not only carry sand, but also
diamonds. Released from their original host
rocks, millions of carats of diamonds were sent
on a journey down the rivers flowing westwards
towards the Atlantic coast. These diamonds
were eventually deposited in beach terraces
and windblown deposits, some of the bigger,
and therefore heavier stones were deposited
in the terraces of the Orange River before they
reached the ocean.

Diamond in sediment matrix
(Source: O Medenbach)

discoveries were soon made to the south of the original
find, and by 1913, 20% of the world's diamond production
came from Namibia. Today’s diversity of Namibia’s mining
operations reflects the wide variety of ore, associated with
the various geological rock units. In terms of revenue,
the diamond mines are by far the most important mining
operations in the country.
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The history of the Tsumeb Mine

The Tsumeb ore body is a polymetallic, pipe-Llike structure containing lead, copper, zinc, silver, arsenic,
antimony, cadmium, cobalt, germanium, gallium, iron mercury, molybdenum, nickel, tin, tungsten and
vanadium. It is located in the northern part of the Otavi Mountainland in moderately folded dolomitic
sediments.

The copper deposits of the Otavi Mountainland were worked by local people for time immemorial.
Evidence for their smelting sites, where they utilised termite hills for furnaces, was found at Tsumeb,
Gross Otavi and Otjikoto.

In 1892, a London-based company was granted a concession for exploration in the area. Their prospector
Mathew Rogers arrived at Tsumeb on 12 January 1893, and described an entire hill covered in the bright
green and blue colours typical for some copper minerals: “...on first seeing such a grand and prominent
outcrop | could scarcely conceal my astonishment and delight....few mineral outcrops present such
exceptional indications as this one.”

Two shafts were sunk in 1894, followed by two more shafts in 1904. Regular shipments of ore commenced
with the completion of a railway between Tsumeb and Swakopmund in August 1906. In 1907, the first
smelter was built at Tsumeb.

Large-scale exploitation of metal deposits in the Otavi Mountainland has played a vital role in the
economic development of Namibia for more than a century. However, Tsumeb has remained the most
important deposit, and has, between 1905 and 1990, when the mine closed, produced 24.6 million
tonnes of ore, yielding 4.2 million tonnes of metal comprising 1.7 million tonnes of copper, 2.8 million
tonnes of lead, 0.9 million tonnes and zinc, and many by-products such as arsenic, antimony, vanadium
and germanium.

Underground work at Tsumeb around 1920

(Source: Namibia Scientific Society)
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Mineral exploration in Namibia

Exploration for mineral resources is ongoing with
Exclusive Prospecting Licenses (EPLs) located all over
Namibia, on land and in the ocean, and covering a wide
variety of minerals. Exploration is a high risk business,
as only 5% of all exploration projects lead to the
development of a mine, while 95% result in the write-
off of the investment. Only companies with a sound
financial position can undertake exploration activities
and such companies are mostly from outside Namibia.
Exploration activities always impact on other land
uses, such as farming and conservation, because when
accessing the mineral resources, surface disturbance
is unavoidable. The negative impacts associated with
exploration on land are:

e Noise pollution from drill rigs and generators;

e light pollution from drill rigs and vehicles operating
after dark;

e dust generation from drilling activities and vehicles,
which have the potential to impact on the health of
people and plants;

e oil leaks and spills from drill rigs;

e disturbance of terrestrial habitats from the
creation of camp sites, drill holes, pits and tracks,
which could result in the loss of topsoil, increased
potential for erosion and damage to plant and
animal life;

e aesthetic disturbance resulting from the creation of
drill holes, pits camps and tracks; and

e pollution of land and water from litter, sewage, drill
residues and drill water (diamond drilling).

What is ecological restoration?

Ecological restoration is the assisted
recovery of structure (composition and
diversity) and function (processes involved
in the flow of resources and energy among
ecosystem compartments) of a degraded
ecosystem, based on ecological principles.
It is an intentional activity that initiates
ecological processes, placing the degraded
ecosystem on a pathway towards a specified
target, e.g. rangeland for stock farming.
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Whilst the severity of impacts at each drill hole is usually
small and contained, the scale of drilling programmes
can be extensive, with multiple holes being drilled in a
small area or multiple holes being spread out in a grid
covering many square kilometers. However, the nature
of the impacts are such, that with good planning and
vigilance, most of the potential impacts associated
with exploration drilling can be avoided, mitigated
and managed. The most difficult impact to mitigate is
rehabilitation of habitats once they have been disturbed.
This means that there really has to be an emphasis
on avoiding damage in the first place, particularly in
areas of high biodiversity or in fragile habitats. Typically
rehabilitation in the exploration industry has involved
cleaning up disturbed sites, treating oil spills, filling in
pits and holes and raking and sweeping disturbed sites
and vehicle tracks to remove disturbance scars.

This approach has been very successful in remedying
visual scars, and many landowners are satisfied with
the way their land looks once exploration companies
have completed rehabilitation. Unfortunately such activ-
ities do not necessarily contribute to the recovery of
ecological function and structure of damaged habitats.
People are placing more emphasis on ecological
restoration of disturbed areas to prevent the ongoing
erosion of natural capital from short-term activities.
For example exploration drilling on the gravel plains in
the central Namib results in the loss of scarce topsoil
and disturbance of soil crusts. Raking gravel plains does
not necessarily rectify these critical losses. The need
to improve the effectiveness of restoration has been
identified not only for exploration companies operating
in sensitive areas but for other industries too such as
the film and tourism industries. Unfortunately effective
restoration is easier said than done.
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Ecological restoration - an important challenge
for people operating in sensitive environments

A number of sectors, such as mineral exploration,
filming, tourism and recreational impact negatively on
fragile ecosystems and wildlife, resulting in the need
for ecological restoration. For example damage has
been done in the Dorob National Park by quadbikes.
Despite regulation quadbikes sometimes tresspass in
the breeding grounds of an endangered species - the
Damara Tern. The bird lays its eggs in the sand, and
because of excellent camouflage, both egg and chick
are at high risk of being destroyed by vehicles.

Reasons why successful ecological restoration
is difficult to realise

Damage to natural systems often takes decades
or more to recovery yet it is often expected that
rehabilitation will be completed within a year or
two.

Ecosystems are inherently complex and

thus restoration must be based on adaptive
management. This requires time and ongoing
commitment.

The odds (strict financial limits, unrealistically
short time frames, and a lack of acceptance or
understanding by the industry) are often stacked
against the restoration practitioner.

Scientific information is often lacking on how
best to restore certain habitats, as not all
habitats can be restored in the same way.
Restoration cannot only be considered in the
decommissioning stage of a project.

Tracks in the desert
(Source: G Schneider, 2010)

Tracks in the desert with newly hatched
Damara Tern
(Source: R Braby)
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The policy on mining and exploration in protected areas

Mining has been the biggest contributor to GDP after government services since the earliest discoveries
of minerals in Namibia. At the same time, conservation initiatives have been gaining momentum since
independence. Namibia’'s state protected areas cover some 17% of the total surface, and the rapid
growth in communal conservancies, community forests, game farms and tourism concessions has
increased the land under some form of conservation to some 44% of the country. Namibia’s first Marine
Protected Area was gazetted in 2009. With the high percentage of protected areas in Namibia, it is not
possible to ban exploration and mining in National Parks. In fact, some 75% of government revenue from
mining comes from mines located in National Parks, and 10.4% of mining’s total GDP contribution of
12% is from these same mines. The Tsau//Khaeb (Sperrgebiet) National Park is host to diamonds and
zinc; the Namib Naukluft and Dorob National Parks have deposits of uranium, dimension stone, gypsum,
copper and salt; the Skeleton Coast National Park has diamonds, as does the Namibian Islands Marine
Protected Area.

A Policy on Mining and Prospecting in Protected Areas has therefore been compiled by the Ministry
of Environment and Tourism and the Ministry of Mines and Energy. It is to ensure that exploration
and mining within protected areas is undertaken within the environmental and economic regulatory
framework that exists and that mineral development only commences in these protected areas when
reasonable restoration is guaranteed. The Policy further established no-go areas where exploration and
mining is not permitted due to high conservation and/or aesthetic and tourism value based on the best
available information and using the IUCN zonation.

Skorpion Zinc

Mine in the Tsau//
Khaeb (Sperrgebiet)
National Park

(Source: G Schneider, 2013)
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Feasibility of developing a mine

When a worthwhile orebody is found, feasibility studies
will commence to establish the viability of developing a
mine. Not all feasible ore bodies become mines because
technological, financial or environmental constraints
might prevent the development of the mine at that point.
Potential developers have to comply with the provisions
of the Environmental Management Act (Act No 7 of 2007).
Environmental impact assessments (EIAs) have to be
undertaken and must consider the nature of the mining
operation, assess the impacts before and after mitigation
measures are put in place and explore alternatives. The
process must involve extensive stakeholder engagement.
Based on the satisfactory completion of the EIA process,
the Environmental Commissioner will then grant or
deny an environmental clearance.

The developers of the proposed mining operation also have
to provide a comprehensive Environmental Management
Plan (EMP), which outlines how all stages of the mine's
life cycle (construction, operations and closure) will be
managed. These management plans need to be reviewed
regularly to ensure ongoing relevance. Many Namibian
mines commit to implementing IS0 14001, a voluntary
certification process, based on international best practice
in environmental management.

Like exploration sites, the development of mines is likely
to be in conflict with other land uses. However, as mining
is so important for the economic development of the
country, other land uses are usually forfeited in favour
of mining (at least in the short-term). In comparison to
large scale agriculture and forestry, the surface area
permanently disturbed by mining operations is small,
although the severity of that damage can be significant.
Mining and processing areas usually occupy only a
percentage of the mining license thatis awarded and very
often the mining company makes the remaining portion
available for agriculture, stock farming or conservation.

Unfortunately, the geology that contains valuable
mineral resources very often also houses high levels of
biodiversity. All over the world, mines are being proposed
in areas of high biodiversity value, both inside and
outside of protected areas. This places pressure on the
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sustainable management of natural resources. Finding
the right solution is not always straight forward. There
is a need to maintain an extensive network of healthy
ecosystems for a nation’s long-term sustainability. But
this needs to be coupled with economic development.
Because of the substantial investment that is made in
bringing a mine to its bankable feasibility stage, it is
difficult not to grant an environmental clearance, if the
developers have demonstrated that they have taken
environmental impacts into consideration and have
made the necessary commitments to close and restore
the mining license properly. The option for ‘no-go’
always exists in legislation but needs to be supported
by substantive, scientific evidence. Unfortunately, the
scientific evidence supporting other forms of land
use such as biodiversity conservation, tourism and
agriculture is often scant and this hinders good decision-
making. The next information box provides some insight
on how progress has been made in Namibia in this
regard.

" Assessment of impacts on indigenous flora forms
part of a feasibility study for potential development

(Source: G Schneider)
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Landscape Level Assessment to guide sustainable land use
in the Uranium Province of Namibia

In 2012 Fauna and Flora International (FFI) undertook a landscape level assessment (LLA) of biodiversity
vulnerability and landuse in the Central Namib uranium province for the Ministry of Environment and
Tourism (MET). Ecological and socioeconomic evidence and information was compiled for a detailed area
of the Central Namib to create a strong scientific foundation, from which to assess the relative importance
of different parts of the landscape for biodiversity and people. A systematic spatial conservation planning
assessment was conducted, which involved translating information into spatial (map) layers. These were
overlaid to determine the relationship between different land features and how they come together in the
landscape and contribute to conservation goals. The outputs from the LLA provide a live decision support
tool for MET to use when considering the impact of proposed developments in the uranium province
(particularly in the Namib Naukluft and Dorob National parks). For example when a development such
as a mine or hotel is proposed, it can be inserted into the decision making tool. The tool will indicate
if the proposed development is located in a biodiversity priority area, will indicate with which land uses
it conflicts and will provide an indication of how this proposed development will impact on MET's ability
to meet its conservation goals and objectives for the area. Some habitats are well enough represented
and protected so that the impact of one development will not hamper the long-term conservation of that
vegetation type. However, placing a development in a biodiversity priority area could prevent conservation
goals and targets for the landscape being achieved. In such instances the no-go option should be
seriously considered. The decision tool should be used in conjunction with the Strategic Environmental
Assessment for the Uranium Province (U-SEA) and the various assessments and strategies developed by
the Namibia Coast Conservation and Management Project (NACOMA). The existence of these documents
fo