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This Atlas impresses upon us the critical importance of Africa’s

mountainous areas on a continent known better for its vast
plains. Millions of people live in highland areas where it is
cooler, wetter and often more fertile, and millions more depend
on the water that flows from these “water towers” to places that
otherwise would be too dry to support a large diversity of life
forms. This message alone alerts us to the crucial need to protect

Africa’s mountains for its people, its wildlife and its economies.

This publication is another in UNEP’s series of Atlases
of Our Changing Environment, in which vivid satellite images
of landscapes past and present reveal the state of our planet.
It follows and complements the Africa Atlas, the Africa
Water Atlas and the Africa Lakes Atlas. It is in keeping with
UNEP’s commitment to disseminate and share evidence-based
environmental information and raise public awareness on
critical and emerging environmental issues, a goal that was
strengthened, at the United Nations Conference on Sustainable
Development (RIO +20) and as reflected in its outcome
document “The Future We Want”.

Rio + 20 specifically recognized the importance of

mountains, especially their role in providing water and as centres

FOREWORD

of biodiversity. This Atlas reveals facts about Africa’s mountains
that can only be ignored at our peril. For example, it shows
clearly how water, which is critical to people in the region,

is collected, stored and released in its mountainous regions.
Montane forests need further protection and replenishing to
continue to provide this vital ecosystem service as well as act as

a habitat for rich but increasingly threatened biodiversity. The
immense amounts of water stored by Africa’s mountains also
need to be protected and wisely used, including as future sources

of clean energy on a continent with limited electricity supply.

We know that agriculture represents a significant
proportion of most African economies and the Atlas stresses
that much of it takes place in highland areas where rainfall is
abundant and soils fertile. As well, in many African countries,
mountain tourism brings in significant revenues from hiking
and wildlife viewing. It is also worth noting that the average
population density in land that rises above 1 500 m is more
than triple that in Africa’s lowlands and highland populations
are growing. Collectively countries should strengthen relevant
national policies and legislation, bolster transboundary
agreements and build local capacity to protect and restore
Africa’s mountain habitats. This is one of the key ingredients in
a recipe to sustain African economies and provide opportunities

for poverty eradication.

Finally let me draw the attention of decision makers
to Chapter 5 of this Atlas, which provides a wealth of
information on actions required to achieve important goals
that carry the promise to put the region on the path to

sustainable development.

L Ses

Achim Steiner
UNEP Executive Director and
Under-Secretary-General of the United Nations



Africa’s environmental assets are the primary drivers of its

economic development, and life, livelihoods and national
security depend on the continued availability and integrity

of the continent’s natural resources. The African Ministerial
Conference on the Environment (AMCEN) is dedicated to
ensuring environmental protection in Africa so that basic
human needs are met, social and economic development is
realized at all levels, and the region’s food security requirements
are fulfilled.

AMCEN continually guides Africa’s progress towards
achieving previously agreed goals, including the Millennium
Development Goals and implementing the conventions
established further to the United Nations Conference on
Environment and Development (Earth Summit) in 1992, as well
as agreements reached during the United Nations Conference
on Sustainable Development (Rio+ 20). In particular, AMCEN
leads the implementation of the environmental action plan for
the New Partnership for Africa’s Development (NEPAD). To
inform these and other initiatives, the Ministerial Conference is
committed to monitoring and reporting on the state of Africa’s
environment and has adopted UNEP’s Africa Environment
Outlook (AEO) as its key instrument.

In keeping with this commitment, AMCEN is pleased
to contribute to reporting on the state of Africa’s mountains
through the publication of this important Atlas. It recognizes
the immense contribution that Africa’s mountains make to
economic and human development and the need to value the

ecosystem goods and services that mountain provide, which are

PREFACE

essential to achieving the development agenda that the region
has set for itself. Key among these is the role they play as water
towers and agricultural areas. This is indeed echoed in the
Gaborone Declaration of AMCEN which calls for strengthening
capacity in research and evidence-based knowledge, creation of
awareness, formulation of adequate laws, policies and institutions
on mountains, including adopting transboundary and regional
frameworks on sustainable management of African mountains

ecosystems,

I would like to underscore the Atlas’s concluding message,
which calls for a framework to set and guide an African
mountains agenda that creates a firm basis to buttress their
management in an efficient, integrated, harmonized and

sustainable manner.

Armed with the invaluable information contained in this
Atlas, AMCEN’s members, who are ministers responsible for
the environment in the region, are well placed to be part of a
process that creates this enabling framework. They will need to
collaborate with colleagues in all other sectors, since mountain
resources and peoples are represented in a wide spectrum of
economic and social arenas. The excellent examples of available
opportunities to overcome challenges related to poverty, food
and energy insecurity, fragile mountain ecosystems, growing
populations, lack of land availability, erosion of landscapes,
climate change and rapid global development, among others,

are especially relevant and should be utilized.

The main messages in the Atlas are well aligned
with AMCEN’s goal to enhance regional cooperation in
environmental policies, strengthen technical and scientific
activities to address environmental degradation and to protect

natural resources.

I highly recommend this Atlas to all AMCEN’s members,
its partners and all decision makers who share the aspiration
to promote further progress towards sustainable development

in Africa.

I wish you all an informative and pleasant reading.

s

Dr. Binilith Satano Mahenge
Minister of State for Environment, Office of the Vice-President,
United Republic of Tanzania and President of AMCEN
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Mountains are among Africa’s most dramatic landscapes. They
rise above and stand in stark contrast to its vast plains teaming
with wildlife. Admired and protected for their beauty, mountains
are also vital to Africa’s 1.1 billion people because of their
ecosystem goods and services. Africa’s mountains are water
towers, providing water for domestic, industrial, irrigation and
hydropower uses. They are also the breadbaskets for highland
and lowland communities. They are sites of food production,
forest products, minerals, tourism, sacred places, wildlife

habitat and biodiversity conservation, among many other

important assets.

They are thus critical in the transition to a green economy,
supporting sustainable development and poverty alleviation
as the region strives to move towards a low carbon, resource-
efficient and more equitable future. Although extremely
important to the whole continent, they are increasingly
vulnerable to environmental change. With uncertainties created
by climate change, high population growth and land use
change, urgent political action is needed to foster the enabling
conditions to increase funding and investment in sustainable

mountain development in Africa.
International agenda for mountain protection

In the international agenda, the concept of mountain protection
was first introduced in Agenda 21, a 40-chapter programme

of action that was the outcome of the 1992 United Nations
Conference on Environment and Development (UNCED).
Chapter 13 of Agenda 21 specifically recognizes the important
ecological, economic and social functions of, and services
provided by, mountainous regions. As a follow up by its
resolution 53/24, the UN General Assembly proclaimed 2002

as the International Year of Mountains, with the objective of
raising international awareness about mountains, their global

importance, the fragility of their resources and the necessity

EXECUTIVE SuMMARY

for sustainable approaches to mountain development. In 2002,
during the “UN International Year of Mountains,” the UN
General Assembly designated 11 December, from 2003 onwards,
as “International Mountain Day.” Furthermore, the Mountain
Partnership was founded by the Governments of Italy and
Switzerland, FAO and UNEP and launched at the World Summit
for Sustainable Development in Johannesburg, South Africa,

in 2002.

Twenty years after the Rio conference, mountains and their
communities gained renewed global political attention at the
UN Conference on Sustainable Development, popularly known
as Rio+20, which was held in Rio de Janeiro from 20 to 22 June
2012. Its outcome document, “The future we want”, contains

three paragraphs (210-212) dedicated to mountains.

In Africa, a step towards cooperative action and the creation
of collaborative platforms for sustainable mountain development
was taken at a regional meeting for African mountain regions
held in November 2011 in Mbale, Uganda. By stimulating
dialogue and experience-sharing, the meeting laid the
foundations for an African process of consultative and planning
meetings aimed at advancing an agenda for action on sustainable
mountain development and a constituency to support it. The
meeting called for the identification of options to establish an
“African mountain hub” in the form of a specialized centre
for knowledge and capacity building, information-sharing,

networking, awareness creation, communication and advocacy.
Chapter summaries

The Atlas is organized into five chapters. Throughout, the
narrative comes alive through the dramatic use of satellite
imagery and photos. They are used to great effect by depicting
environmental change through image sequences of the same
place from the past to the present. Graphs, maps, diagrams and

tables also help to visually illustrate the key messages.
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Chapter 1: Africa’s Mountains

The first chapter familiarizes the reader with Africa’s
mountainous landscapes. It provides context through maps of
their distribution, definitions of mountain and rock types and

a simplified geologic time scale. These reference tools allow

readers to situate the region’s mountains and their formation in

time and space and understand the processes that account for

the geology and soils of which they are composed.

The chapter describes several of Africa’s key mountainous
areas, providing information about their location, extent,
formation, geology, major peaks, altitude, climate, minerals,
vegetation, other important features as well as ecosystem goods

and services.

The supercontinent Pangaea began to break up
approximately 225 — 200 million years ago (Ma), resulting in
two land masses: Laurasia and Gondwanaland. The ensuing
break-up of Gondwanaland that began about 165 Ma, and
continues today, accounts for the
formation of some of Africa’s main
mountain systems. For example,
the collision of the African
and European plates during
the Cenozoic era crumpled
their edges into the high
folds of northern Africa’s
Atlas Mountain range. Other
African mountains, such
as the Rwenzori range, are
younger, formed between b
and 2 Ma from uplift, while
volcanic activity formed other
mountains, including its
largest and tallest—Mounts
Kilimanjaro and Kenya. Finally, over
millions of years, rivers, wind and other natural
processes eroded different rock types leaving mountains
such as the transboundary Maloti- Drakensberg Mountains,

standing between valleys.

Key Facts

* Approximately 20 per cent of Africa is above 1 000 m in
elevation and nearly 1.5 million km?® is above 1 500 m,

comprising 5 per cent of the continent’s total land area.

® Mountains and highlands are widely distributed over the
continent: 37 countries have some amount of land area
above 1 500 m.

¢ All, or nearly all, of the land in Lesotho, Rwanda
and Burundi lies at or above 1 500 m in elevation.

Mountainous areas in these countries include the Maloti
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Mountains in Lesotho (Mount Thabana Ntlenyana at
3 582 m), Rwanda’s Mount Karisimbi (4 507 m) in the
Virunga chain and Mount Heha in Burundi (2 670 m).

e Mountains that rise above 4 500 m are concentrated in the

northwestern, central and eastern regions.

¢ Africa’s three highest peaks are found on Mount
Kilimanjaro (5 895 m), Mount Kenya (5 199 m) and in the

Rwenzori Mountains (5 109 m).

¢ The major mountain ranges, which can extend over
hundreds of kilometres, are the Atlas, Rif, Drakensberg,
Cape and the Eastern Arc Mountains.

e Africa’s main block mountains, horsts or massifs, which are
large, coherent units displaced along fault lines, include
the Tibesti massif in the Sahara Desert (Emi Koussi at
3 394 m), the Air massif in Niger (Idoukal-n-Taghes at
2 022 m), the Tsaratanana massif in Madagascar (2 876 m)
and Ras Dashen in Ethiopia (4 620 m).

- Elevation 21500 ma.s.l.

USGS Digital Elevation Model
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Highest Global Mountain Summits

Elevation (m a.s.l.) A
concagua

Argentina

Kilimanjaro
8000 United Rep. Tanzania

Puncak Jaya
Indonesia

Chapter 2: The Dynamics of Africa’s
Mountain Ecosystems

This chapter describes the dynamics of ecological goods

and services in Africa’s mountainous landforms. They are
fundamental in providing water; supporting forests, agroforestry,
non-timber forest products and agriculture; harbouring
biological diversity; providing tourism opportunities; and
respected as sacred places, among other services. It also looks at
opportunities to generate income from Payment for Ecological
Services (PES) such as carbon sequestration. The material is
organized by region — Northern; Western; Central; Eastern; and

Southern Africa and the Western Indian Ocean Islands.

Key Facts

* Generally, mountainous areas in Africa receive more rain
than adjacent lowlands. They act as water towers, supplying
crucial water resources to places that would otherwise
be too dry to support life. They capture water, store it in
glaciers, snow and groundwater, purify it and release it to
lowland areas. For example, mountain waters feed some
of Africa’s major transboundary rivers, including the Nile,
Senegal and Orange, which flow from high rainfall areas
to dry lowlands. Africa’s major water towers include the
Middle Atlas range, the Fouta Djallon Highlands, the Jos
Plateau, the Ethiopian Highlands, the Kenyan highlands,
the Angolan Plateau, the Lufilian Arc and the Lesotho
Highlands. Such water towers supply vital water resources
to some of Africa’s major cities, including Nairobi, Dar es

Salaam, Johannesburg and Marrakech.

e Africa’s mountain areas harbour rich biodiversity of high
conservation value. Because of their vertical rise and rapid
changes in vegetation, mountains host a rich diversity
of ecosystems. From the lowest to the highest levels,

vegetation cover can include montane forests, a belt of

Mount Everest
Nepal

Mount McKinley

Mount Elbrus

Russian Federation

Vinson Massif

e | Antartce

Peaklist. (2008). Prominence Lists and Maps Index. Retrieved March 6, 2014, from Peaklist: http://peaklist.org/lists.html

bamboo, low canopy montane forest, and high montane
heath followed by moorland, with changes occurring within
short distances along their slopes. Rich species diversity
also exists within these habitats, including many species
that thrive nowhere else. For example, the Albertine Rift

is home to more than 7 500 plant and animal species, of
which 1 175 are endemic. Africa’s tropical mountain areas
contain higher levels of species richness and biodiversity

than other areas in sub-Saharan Africa.

¢ Africa’s mountainous areas are extremely important for
agricultural production. Abundant rainfall, as well as
suitable location, altitude and soils generally make many
highland areas throughout the region the primary places to
practice agriculture. Agriculture includes subsistence crops
and livestock as well as important cash crops that thrive in

cool mountain climates, such as tea and coffee.

e Africa’s montane forests are significant sources of
important goods that support local economies. Montane
forests, agroforestry practices and afforestation initiatives
provide wood for fuel, construction and other timber
products, and help to conserve or regrow mountain
woodlands and prevent erosion. In addition, non-timber
forest products, such as wild food, fodder, medicinal
plants, fibres, gums, sap, cane, resins, etc. harvested from

mountain forests are important to local livelihoods.

¢ Tourism ranks as one of the main industries in many
African nations, and mountains are favoured destinations.
Examples include tourism on Mount Kilimanjaro in
the United Republic of Tanzania, which generates
US$50 million a year; the potential for future tourism
revenues to reach US$235 million per year from direct
access to Virunga National Park; and primate viewing in the
Mgahinga Gorilla National Park (MGNP) in Uganda, which
brought in over US$300 000 in 2010.



Chapter 3: Impacts on Africa’s Mountains

Chapter 3 describes the natural forces and human activities that
affect Africa’s mountain environments and influence their ability
to perform ecological functions and supply essential goods and
services. It highlights hotspots of environmental change using
satellite-image sequences to show marked landscape alteration

over time.
Natural impacts

The first section looks at the impacts of earthquakes, volcanoes
and landslides that occur in mountainous areas and dust storms
that take place because of conditions related to mountains.
Landslides happen in areas of high rainfall, significant rock
weathering and high rates of deforestation. Mount Elgon,

which straddles the boundary between Kenya and Uganda, is a
hotspot for landslides, which are increasing due to heavy rainfall,

growing populations and forest clearing.
Key Facts

e About 27 per cent of Africa’s mountainous areas are

susceptible to destructive earthquakes.

® Seismic activity occurs mainly in northern Africa at the
border of the African and Eurasian plates, mostly along
the Atlas Mountain range and in southeastern Africa in
the East African Rift Valley.

® Volcanoes are primarily concentrated along the East
African Rift, stretching from Djibouti in the north
through Ethiopia and Kenya to the United Republic of

Tanzania in the south.

¢ Landslides occur in mountainous areas, including those

of Cameroon, Kenya, Uganda and Malawi, causing

The Katse Dam, part of the Lesothe ‘Highlands Water Project
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damage to property, affecting livelihoods and eroding

large volumes of soil.

® Few glaciers remain on Mount Kenya, Mount

Kilimanjaro and the Rwenzori Mountains.
Human impacts

The second part of Chapter 3 describes human impacts on
fragile mountain ecosystems. Increasing population numbers
and densities are a major driving force of environmental
change. Pressures from increasing human activities in these
regions include deforestation for agriculture, fuelwood and
timber; settlements; dam construction; mining activities; fire;
tourism; and illegal encroachment and poaching. Secondary
impacts from these activities include biodiversity loss, erosion,
siltation of water courses, land degradation, fires and conflict

OVEr resources.

Africa’s montane forests continue to be lost to agriculture
and other uses at significant rates across Africa’s mountain
areas. Deforestation in mountains can cause more damage than
in gentler topography because logging roads, infrastructure
and vehicles disturb the unstable soils on steep slopes,

causing erosion.
Key Facts

® The average population density for areas with an
elevation of 1 500 m or above is more than triple that
in the lowlands (105 persons/km?* compared to 31
persons/ km?), while some mountains have even higher
densities and others have no inhabitants at all. High and
increasing population density is a major driving force of

environmental change in Africa’s mountainous areas.
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® Dams are necessary for harnessing water and
power resources in Africa, but can be socially and
environmentally detrimental. The Lesotho Highlands
Water Project, for example, is an extremely important
source of water that serves industries and settlements
in Lesotho and South Africa. However, the project
is reported to have raised numerous environmental
and social concerns. In other areas, such as the
agricultural communities of northern Africa, dams
capture water from the Atlas Mountains to supply the
dry lowland areas with adequate water for agriculture

and consumption.

Chapter 4: Protecting Africa’s Mountains

This chapter provides a broad overview of the existing policy and
legal frameworks for managing mountains at global, continental,
national and community scales. The chapter also uses satellite-
image change pairs to highlight positive or negative changes
demonstrating that such measures must be enforced and

respected to be effective.

Several national and regional policies and laws exist,
but there continues to be an urgent need for regional
collaboration to develop and enforce protection measures for
Africa’s mountainous areas to ensure the continued viability
of their functions for the benefit of the entire continent and

its inhabitants.

Areas protected by international designations include
World Heritage Sites. Of these, some protected areas such as
the Air and Ténéré Natural Reserves and the transboundary
Mount Nimba Strict Reserve, are now on the List of World
Heritage in Danger, prompting the need for increased awareness

and protection.

At regional levels, there are also some efforts to protect
mountain forests. Numerous mountain ecosystems stretch across
borders between African nations, motivating the countries
that share the mountain resources to enter into cooperative
management agreements. For example, a set of contiguous
transboundary protected areas covers the Central Albertine
Rift, requiring collaboration to manage this network of parks,
guided by the 10-year strategic plan under the Albertine Rift
Transboundary Agreement (ARTA). This chapter also highlights
transboundary efforts to resolve unsustainable land use in
adjacent areas, which threatens shared mountain ecosystems in
many transboundary protected areas. Transboundary protection
of the Central Albertine Rift also extends to protecting
the mountain gorilla. The last remaining wild populations
of mountain gorilla (Gorilla beringe: beringei) reside in the
Virunga Mountains of the DRC, Rwanda and Uganda and in
the Bwindi Impenetrable National Park in Uganda. They are
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critically endangered by human activities. Joint management
of the protected areas, however, is helping to increase

their populations.

One of the most important national-level mechanisms is the
designation of parks, reserves and other wilderness areas that are
governed by rules limiting human activities. Several of Africa’s
UNESCO World Heritage Sites, named for their outstanding
universal value as natural or cultural sites, encompass mountain
ecosystems. The chapter highlights the Mau Forest Complex
in Kenya as an essential water tower and the Simien Mountains
National Park in Ethiopia. In the latter, designation as a National
Park has helped to reduce some agricultural pressures on
the land, although it remains on the List of World Heritage

in Danger.

Mountain forests are often protected at the community
level through sustainable and participatory forest management
approaches, using traditional indigenous knowledge. This
chapter highlights some of these exemplary efforts through case
studies, including Agdal forest management in the High Atlas
Mountains of Morocco and community forest management in

Kilum-Jjim Forest in the mountains of Cameroon.
Key Facts

® Many sectoral policies related to forestry, water, agriculture,
etc. incorporate mountain issues, but they are rarely tailored

to the unique conditions or needs of mountain areas.

* Of Africa’s 468 National Parks, 125, or about 27 per cent are

found in the mountainous areas of 26 different countries.

® Social groups and mountain communities are often
successful in protecting forest resources using traditional

and participatory approaches.

Chapter 5: Challenges and Opportunities

This chapter examines the growing challenges Africa faces in
ensuring the sustainable development of mountain areas. These
include poverty, ecosystem fragility, a fast-growing population,
climate change and rapid global development. Amid these
challenges, there are clear opportunities for African nations
individually, regionally and internationally to improve human

and environmental conditions in their highland regions.
Key Challenges

* Poverty can lead to overexploitation of resources that
mountain communities depend upon to support

their livelihoods.

e Agricultural productivity and food production in Africa’s
mountains is constrained in various ways that affect

food security.



*The numerous pressures facing mountain ecosystems
means that both financial and human resources are
required to manage these assets, but mobilizing and
prioritizing financial resources to invest in developing

mountain areas is still a major challenge in Africa.

® The region has limited electricity supply leading to low
levels of access to energy. Only 4 to 8 per cent of Africa’s
hydro capacity is developed and it has the lowest per-
capita energy consumption of any continent. There is
insufficient capacity to harness the considerable volume
of available water resources to develop the energy

required in the region.

*There is high pressure on water and land resources
and a notable lack of legislation to guide mountain

development and sustainable use of these resources.

*The full participation of both men and women in
development activities in mountain areas needs to be

ensured to achieve gender equality.

*Mountainous regions will be affected by the impacts
of a changing climate and will need to learn to adapt
to changing conditions. African nations will need to
develop and support policies, investments and activities
that build the adaptive capacities of human and wildlife

mountain populations.
Key Opportunities

¢ Tackle mountain poverty by addressing its
multidimensional nature, distributing mountain
resources equitably and supporting indigenous

knowledge and investments in greening the economy.

® Prioritize financing environmental management
in mountain areas; use a multi-sectoral approach,
corresponding to the multitude of ecosystem services that
mountains provide in various interlinked sectors such as

energy, water and food security.

¢ Introduce sustainable land management approaches,
including soil conservation, retention, agroforestry
and other techniques, and foster awareness of their

importance among local people.

® The immense amounts of water stored by Africa’s

mountains are a potential source of clean energy. Rivers
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with headwaters in these mountains and highlands
have untapped potential as sources of hydroelectricity.
It is imperative to develop hydropower in Africa’s
mountains, which would significantly contribute to
energy security, poverty alleviation, improved health,
increased productivity, enhanced competitiveness and

economic growth.

* Invest in agriculture and improve land tenure in rural
mountain areas where the majority of the population
lives. Support agricultural research and development,
including climate-smart agriculture, to increase

agricultural productivity.

¢ Increase investments in highland tourism, taking
advantage of the clean air and attractive scenery, and take
the opportunity to invest in sports tourism by developing

high-altitude training centers for athletes.

* Develop gender-equitable laws, policies and programs
that facilitate the participation of mountain women in

development initiatives.

¢ Take advantage of mountains as sensitive indicators
of global climate change and support research on its
impacts; provide early warning and improve existing data

and environmental monitoring networks.

* Support policies, investments and activities that build
capacity among mountainous human and wildlife

populations to adapt to the impacts of a changing climate.

Conclusion

While Africa’s mountain populations face many challenges,
there are also countless opportunities to accommodate growing
populations and address environmental issues to ensure future
sustainable development. A framework is needed to set and
guide the mountain agenda for Africa. There is an evident lack
of enabling institutional, policy and legal frameworks to guide
mountain development, which is a major hurdle to achieving
sustainable development in mountain areas at national, sub-
regional and regional levels. A constituency of all sectors of
society is also needed to buttress such an agenda in an efficient,

integrated and harmonized manner.



Flight paths over Africa’s mountains at night
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Chapter Highlights

A Geologic processes such as plate tectonics,
volcanic activity and erosion have formed and
shaped the many mountain ranges, highland
regions and escarpments that can be found in
37 of Africa’s countries.

A More than 20 per cent of Africa has an elevation
above 1 000 m, with nearly 5 per cent above
1 500 m, accounting for about 1.5 million km?
of land.

A lLesotho, Rwanda and Burundi have all, or
nearly all, of their land area 1 500 m or above
in elevation.

A The United Republic of Tanzania, Kenya and
Uganda are home to Africa’s three tallest
mountains—and its only mountains with

glaciers—Mount Kilimanjaro, Mount Kenya
and the Rwenzori Mountains.

Rwenzori massif

What is a Mountain?

A mountain can be most simply defined as an elevated area of
land that rises above its surrounding lowlands. Furthermore,
thresholds of elevation (altitude), slope, area, prominence
and even importance to the imagination, can also be used
when refining the definition of a mountain (Byers, Price, &
Price, 2013).

The elevation of mountains in Africa can range anywhere
from about 300 m, such as Demuni Mountain in Ghana (345 m),
to nearly 6 000 m, like Mount Kilimanjaro in the United
Republic of Tanzania (5 895 m). For the purposes of this Atlas,
any area of land that rises 1 500 metres above sea level (m a.s.1.)

will be discussed as a mountainous area.

The Creation Story: Plate
Tectonics and Mountain Formation

According to Alfred Wegner’s continental drift theory, the
world’s present-day continents used to be one large super
continent called Pangaea. About 225 - 200 million years

ago (Ma), Pangaea began to break up and split into two

main land masses: Laurasia in the northern hemisphere

and Gondwanaland in the southern hemisphere. These two
landmasses continued to break into smaller continents and move
apart, eventually becoming what we know today (Kious & Tilling,
1996; Figure 1.1). Gondwanaland was made up of present-day
Africa, South America, India, Madagascar, Australia and New
Zealand (TPWS, 2010).

Jorn Eriksson / Flickr / CC BY



Figure 1.1: Break-up of Pangaea over time
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Figure 1.2: Present day plate boundaries

PACIFIC PLATE
C e
®

... Trenches and areas of
/ underthrusting

Transform fault

Present day plate boundary

SOMALIA

RRRECRANIRE

)

f) ANTARCTICA PLATE

Sedi%eﬁfar;/ rqck

Top Photo: Granite cliffs in Madagascar
(lamNotUnique / Flickr / CC BY-NC-SA)

Middle Photo: Folded quartizite in the Cape Fold Belt,
South Africa (Brian Roman / Flickr / CC BY-NC-SA)

Bottom Photo: Sandstone outcrop in Golden Gate
Highlands National Park, South Africa
(Andrew Ashton / Flickr / CC BY-NC-ND)

Source: data from Coffin, Gahagan, & Lawver, 1998; labels from Simkin, et al., 2006 ; UNEP/DEWA

Approximately 165 Ma,
Box 1.1: Definition of rock types Gondwanaland began to break up, causing

Igneous rock — Rock formed when magma cools volcanic activity and tensions in the earth’s
and solidifies and has not been changed much by crust. The drifting and collision of the
weathering; major varieties include plutonic (such continental or tectonic plates produced

as intrusive) and volcanic (such as extrusive) rocks. present-day topographical features. They

Examples: andesite, basalt, granite. account for the rock geology in some

Metamorphic rock — Rock of any origin whose parts of Africa, such as rifts in the earth’s
mineral or chemical composition or structure has surface, the presence of igneous rock
been altered by heat, pressure and movement deep in
the earth’s crust. Nearly all such rocks are crystalline.
Examples: schist, gneiss, quartzite, slate, marble.

types (Box 1.1) in the southern regions
and the underlying geology of mountain
formations (TPWS, 2010).

Sedimentary rock — A consolidated deposit of

clastic particles (rock or sediment composed mainly Mountains are formed through

of fragments derived from pre-existing rocks or processes such as tectonic activity, volcanic
minerals and moved from their place of origin), action, and erosion. For example, the
chemicals, or organic remains accumulated at or Atlas Mountains in northern Africa were
near the surface of the earth under “normal” low
temperature and pressure conditions. Examples:
sandstone, siltstone, mudstone, claystone, shale,
conglomerate, limestone, dolomite, and coal. Flysch
is a sedimentary deposit consisting of thin beds of
shale or marl alternating with coarser strata such as
sandstone or conglomerate.

formed through plate tectonics, when

Source: Adapted from USDA, 2013



the African and European plates converged during

the Cenozoic era (Ellero, Ottria, & Ouanaimi, 2012).
The enormous impacts of colliding plates caused the
earth to crumple and fold like an accordion, causing
high mountains, such as the Atlas Mountains, to form
(Cain, 2009). Figure 1.3 shows the present-day position
of plate boundaries. Mountains form along fault lines
when two plates meet and move alongside one another
causing blocks of the earth’s crust to lift up and tilt over.
One side is pushed upward and forms a mountain block,
while the other slides downward and tends to fill with
eroded material. The Rwenzori (Ruwenzori) Mountains
in central and eastern Africa are an example of this
faulting and uplifting. They are considered young in
geological time, formed during the late Pliocene, less
than 5 Ma (Eggermont, Van Damme, & Russell, 2009;
Figure 1.2) and lifted to alpine heights approximately

2 Ma (Bussman, 2006). Some of the oldest of Africa’s
mountains are the Cape Ranges on the Cape Fold Belt,
which formed on the Gondwanaland supercontinent
before it broke up (Johnston, 2000). Figure 1.3 explains

the geologic timeline.

Two of Africa’s tallest mountains, Mount
Kilimanjaro and Mount Kenya, are examples of those
formed by volcanic activity. Magma and molten material
erupted from under the earth’s surface creating these
volcanic mountains. It is believed that this occurred
when the African and Eurasian plates rebounded after

they collided, causing a weakness in the crust.

Finally, erosion, which occurs at varying rates
depending on the hardness of the rock material,
caused mountainous formations in other parts of Africa
(USDA, 2013). Flowing water can erode or strip away
sediment and transport it while disaggregating bedrock,
forming mountains between river valleys. South Africa’s
Drakensberg Mountains, for example, were formed

this way over millions of years as rivers, wind and other

natural factors eroded high plateaus.
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Source: USGS-GNC, 2010



Figure 1.4: Elevation map of Africa
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Types of Africa’s Mountains

Three main types of mountainous areas are found in Africa:

(1) mountain ranges and massifs, (2) deeply-incised gorges or
escarpments and (3) highlands and plateaus (Messerli, et al.,
1988). Examples of mountain ranges include the Atlas and the
Rif in northern Africa, the Aberdare in eastern Africa and the
Drakensberg and Cape in South Africa, while the Rwenzori and
the Tibesti are classified as massifs. Volcanoes, such as Mount
Kilimanjaro, Mount Kenya and Mount Cameroon, can also be a
part of mountain ranges and massifs. Deeply incised escarpments
that can accompany highland areas include the Nile Valley
gorge in Ethiopia and the Rift Valley in the United Republic of
Tanzania (Messerli, et al., 1988). Figure 1.4 is a map of Africa,

Source: USGS 7.5 arc second maximum Digital Elevation Model (DEM); UNEP/DEWA

showing elevation and mountainous areas. The mountains and
highlands are widely distributed over the continent: those higher
than 2 000 m are found in more than half of Africa’s countries
and those above 4 500 m are concentrated in the northwestern,
central and eastern regions (Bagoora, 2012). Africa’s highest
peaks are mostly found in eastern and southern Africa on Mount

Kenya, Kilimanjaro and the Rwenzori massif.

A mountain range (Box 1.2) is part of a mountain system
in a geographic area; ranges are generally geologically young,
some made up of mainly Cretaceous and Tertiary sediments of
sandstones, limestone and clay, while others are made up of old
Precambrian material (National Geographic, 2013). Typically,
they can extend hundreds of kilometres and plate tectonics and



Box 1.2: Key terminology

Craton — A part of the earth’s crust that has attained stability and
has been minimally deformed for a prolonged period.

Block mountain or fault-block mountains — Mountains formed
primarily by block faulting, when large, coherent block units
hinged along fault lines were rotated asymmetrically and displaced
vertically from a horizontal plane.

Escarpment — A relatively continuous and steep slope or cliff
produced by erosion or faulting. It breaks the general continuity
of more gently sloping land surfaces.

Fold — A fold is formed when there is a high amount of confining
pressure on malleable rock strata, which causes it to bend in three
primary ways: upward, downward or dipping in one direction.

Highland - flat area of land with varying elevations, climatological
limitations and ecological-agricultural gradients.

Horst — An elongated block bounded on both sides by normal
faults that dip away from the interior.

Massif — A compact portion of a mountain range, containing one
or more summits, also known as block mountains or mountain
horsts.

Mountain — An elevated land area above surrounding lowlands,

Mountain range — A single, large mass consisting of a succession
of mountains or narrowly spaced mountain ridges, with or without
peaks, closely related in position, direction, orientation, formation
and age; a component part of a mountain system.

Mountain system — A group of mountain ranges with certain
unifying features, such as similarity in form, structure and
alignment, and presumably originating from the same general
causes.

Plateau — A comparatively flat area of great extent and elevation;
specifically an extensive land region considerably elevated (more
than 100 m) above adjacent lower-lying terrain. An abrupt descent
usually occurs on one side of a plateau, which has a flat or nearly
level surface. A large part of a plateau surface is near summit level.

Ridge — A long, narrow elevation of land, usually with a sharp crest
with steep sides forming an extended upland between valleys.
The term is used in areas of both hill and mountain relief.

Summit — The highest point of a mountain.

Volcano — A vent in the surface of the earth through which magma
and associated gases and ash erupt; also, the form or structure,
usually conical, that is produced by the ejected material. A
shield volcano has a very broad, gently sloping dome, built by
flows of very fluid lava or ash. A stratovolcano is constructed of

alternating layers of deposits of lava and rock particles ejected
from the volcanic vent.

usually with a summit area and with steep sides.

Sources: Compiled from NOAA, 2009; USDA, 2013; Haywick, 2008; Messerli, et al., 1988

volcanic activity can influence the appearance of each mountain (Messerli, et al., 1988). One of the most well-known highland

within the mountain range. The highest peak, or point, in a areas in Africa is the Ethiopian Highlands.

range is called the summit. Inevitably, mountain ranges can Divided by UNEP region (Figure 1.5), the tables and maps

become hills when subjected to erosion processes. A few of the on the following pages show the diverse topography of Africa

major mountain ranges in Africa are the Atlas, Rif, Drakensberg, and highlight some of the continent’s highest peaks

Cape and the Eastern Arc Mountains.
Figure 1.5: Regional divisions
A mountain massif is a topographically
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Northern Africa

Figure 1.6: Elevation map of northern Africa
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Table 1.1: Elevation and location of selected mountains in northern Africa

Toubkal

Ighil M'Goun
Marrah

Tahat

Hamoyet
Catherine
Koudiet Tirbirhine
Chelia

Bikku Bitti
Chambi

General Location
(lat/long)

31.06°N, 7.92°W
31.51°N, 6.44°W
12.93°N, 24.24°E
23.17°N, 5.83°E

17.55°N, 38.03°E
28.50°N, 33.96°E
34.85°N, 4.51°W
35.33°N, 6.67°E

21.98°N, 19.15°E
35.21°N, 8.68°E

Summit Elevation Country (-ies)

(m a.s.l.)
4167
4071
3042
2918
2780
2629
2456
2328
2267
1544

Morocco
Morocco
Sudan
Algeria
Sudan, Eritrea
Egypt
Morocco
Algeria

Libya

Tunisia

Photos (left to right): danm12 / Shutterstock; Karol Kozlowski / Shutterstock; Pichugin Dmitry / Shutterstock (2) geographyallthewaycom / Flickr / CC BY
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Western Africa

Figure 1.7: Elevation map of western Africa
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Table 1.2: Elevation and location of selected mountains in western Africa

Name General Location  Summit Elevation Country (-ies)
(lat/long) (m a.s.l.)
Pico de Fogo 14.95°N, 24.34°W 2829 Cape Verde
Chappal Waddi 7.04°N, 11.72°E 2419 Nigeria, Cameroon
(Gangirwal)
Idoukal-n-Taghés 17.85°N, 8.70°E 2022 Niger
Dimlang 8.50°N, 11.75°E 2042 Nigeria
Bintumani 9.17°N, 11.12°W 1949 Sierra Leone
(Loma Mansa)
L Greboun 20.02°N, 8.60°E 1944 Niger
= &= s Shere Hills 9.94°N, 9.04°E 1829 Nigeria
Ficogbfogo, Capt Yeude Nimba 7.56°N, 8.46°W 1752 Cote d'Ivoire,
Guinea, Liberia
Loura 12.07°N, 12.09°W 1538 Guinea

Photos (left to right): Pierre-Jean Durieu / Shutterstock; jbdodane / Flickr / CC BY-NC; Rosemary Lodge / Flickr / CC BY-NC-SA; (2) Sundebo / Shutterstock



Central Africa

Figure 1.8: Elevation map of central Africa
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Table 1.3: Elevation and location of selected mountains in central Africa

Name General Location = Summit Elevation Country (-ies)
(lat/long) (ma.s.l.)

Stanley 0.39°N, 29.87°E 5109 DRC, Uganda

Cameroon 4.22°N,9.17°E 4095 Cameroon

Mohi 2.95°S, 28.78°E 3480 DRC

Nyiragongo 1.52°S, 29.25°E 3470 DRC

Emi Koussi 19.79°N, 18.55°E 3415 Chad

Pic Toussidé 21.04°N, 16.47°E 3315 Chad

Nyamuragira 1.41°S, 29.20°E 3058 DRC

Oku (Kilum) 6.20°N, 10.52°E 3011 Cameroon

Pico de Santa Isabel 3.58°N, 8.77°E 3008 Equatorial Guinea

Pico de Sdo Tomé 0.23°N, 6.60° E 2024 SaoTomé and

Principe

Note: Mount Stanley, part of the Rwenzori massif, summits in the DRC, but its entire mountain area also crosses into
Uganda, which is in eastern Africa, as do Mounts Speke and Baker, also part of the Rwenzori massif.

Mikeno Velcano in the Virunga Mountains, DRC

Photos (left to right): sunsinger / Shutterstock; Genky / strollerdos / Flickr / CC BY-NC; mp3ief / Flickr / CC BY-NC-SA; (2) Monika Hrdinova / Shutterstock
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Eastern Africa

Figure 1.9: Elevation map of eastern Africa

h
" "\\ Nabro 6

2218 ma.s.l. Cal Madow
(Surud Ad)
2 408 m a.s.l.
Mousa Ali
2028 ma.s.l.

Ras Dashen
4550 m a.s.l.

Administrative
Boundary

Al Istiw’iyah
(Kinyeti)
3187 ma.s.l

ELEVATION
(metres above sea level)
> 5500
4500 - 5 500
3500 -4 500
2450 -3 500
7 1850 - 2 450
Y 1500 - 1850
4 1200-1500
1000 - 1200
750 - 1000
550 - 750
400 - 550

Kenya 200 - 400
<200

15199 m a.s.l. 0 350
‘ ] Kilometres

Speke
4890 m a.s.l.

Karisimbi
4507 m a.s.l.

Heha
2670 m a.s.l.

Karisimbi Volcano, Rwanda Ealit Soma -l Mount Kenya

Table 1.4: Elevation and location of selected mountains in eastern Africa
Name General Location  Summit Elevation Country (-ies)
(lat/long) (ma.s.l.)
Kenya 0.15°S,37.31°E 5199 Kenya
Speke 0.40°N, 29.89°E 4890 Uganda
Ras Dashen 13.25°N, 38.38°E 4550 Ethiopia
Karisimbi 1.51°S, 29.45° E 4507 Rwanda, DRC
Wagagai 1.12°N, 34.53°E 4321 Uganda
Al Istiw'iyah 3.95°N, 32.91°E 3187 South Sudan
(Kinyeti)
Heha 3.60°S, 29.50° E 2670 Burundi
Cal Madow 11.18°N, 48.22°E 2408 Somalia
(Surud Ad)
; . "I‘ - d o D < Nabro 13.37°N, 41.70°E 2218 Eritrea
Matipjainous sl R I g e Mousa Ali 1247°N,42.40°E 2028 Djibouti, Eritrea,
Ethiopia

Note: Mount Elgon is a tr y panning the border of Kenya
and Uganda. However, its highest peak, Wagagai, is located in Uganda.

Photos (left to right): Adam Cohn / Flickr / CC BY-NC-ND; Shutterstock; Christian Lambrechts / UNEP; (2) Christine Vaufrey / Flickr / CC BY



Southern Africa

Figure 1.10: Elevation map of southern Africa
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Table 1.5: Elevation and location of selected mountains in southern Africa

Name General Location Summit Elevation Country (-ies)
(lat/long) (m a.s.l.)

Kilimanjaro 3.08°S,37.35°E 5895 United Rep. of
Tanzania

Thabana Ntlenyana 29.47°S,29.27°E 3482 Lesotho

Mulanje 15.93°S,35.62°E 3002 Malawi

Moco 12.46°S,15.17°E 2620 Angola

Brandberg 21.15°S, 14.58°E 2 606 Namibia

Nyangani 18.30°S,32.84°E 2593 Zimbabwe

Binga 19.78°S, 33.06°E 2436 Mozambique,
Zimbabwe

Seweweekspoort-  33.38°S,21.36°E 2325 South Africa

piek

Makutu 10.40°S, 33.25°E 2164 Zambia

Emlembe 25.92°S,31.12°E 1862 Swaziland

Photos (left to right): Bas van den Heuvel / Shutterstock; Ingrid Holme / Shutterstock; VoY_TeC / Flickr / CC BY-NC; (2) Andres Moreno / Flickr / CC BY-SA




Western Indian

Ocean Islands

Figure 1.11: Elevation map of the western Indian Ocean Islands
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Table 1.6: Elevation and location of selected mountains in the Western
Indian Ocean Islands

Name General Location Summit Elevation Country (-ies)
(lat/long) (ma.s.l.)
Maromokotro 14.02°S, 48.96°E 2876 Madagascar
The r.ugged terrain of Madagascar with Maromokotro in Pic d'Imarivolanitra 22.20°S, 46.88°E 2 658 Madagascar
iR listance Karthala 11.76°5,4335°F 2361 Comoros

Sources: Table 1.1 - Table 1.6 sources compiled from: Bjorstad, 2007; PGWC, 2007; EECRG, 2002; Peter, 2009;
Peaklist, 2007; RAMSAR, 2006; St-Katherine, 2006; Timberlake, et al., 2009; NASA, 2013; SI, 2013 ; Bradt, 2011

Figure 1.6 - Figure 1.11 sources: USGS 7.5 arc second maximum DEM; UNEP/DEWA

Photos (left to right): almondd / Shutterstock; Leksele / Shutterstock; Daryl Wallace/ Flickr / CC BY-SA 2.0; (2) David Darricau / Flickr /CC BY-NC-SA
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Emi Koussi

Jebel Toubkal Emi Koussi, the peak of the Tibesti massif, is
ebel Tou

Jebel Toubkal is the highest peak in

Morocco, and of all northern Africa,
at4 167 m.

the tallest mountain in the Sahara Desert at an
elevation of 3 394 m.

Mount Loura Mount Cameroon

Mount Loura is the highest peak on the Fouta Mount Cameroon is an active

Djallon plateau at an elevation of 1 538 m. volcano and the highest peak
west of the Cameroon border

at4 095 m.

©0000000000000000000000000000000000000000000000000000000000000000000000000000000

©000000000000000000000000000000000000000000000000000000000000

Characteristics
of Africa’s

Mountainous Areas

Photos (clockwise): Stefan_Leitner / Foter / CC BY-NC-SA; hollyladd / Foter / CC BY-NC; sylweczka / Foter / CC BY; Leonardo Pucci and Marco Vigano / Wikipedia; NH53 / Foter / CC BY; David Darricau / Flickr / CC BY-NC-SA; Juergen Schulte /
Foter / CC BY-NC-SA; Benjamin Stauch / Wikipedia / CC 1.0; rolandboula / Foter / CC BY-NC-ND; Herb Caudill / Wikipedia / CC-BY-2.5
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Ras Dashen
At 4 620 m, Ras Dashen is the highest peak of the
Simien Mountains and Ethiopia; it is the 10th

Mount Stanley
Margherita Peak on Mount Stanley
is the highest peak of the Rwenzori

Mountains and 4th highest in Africa, highest peak in Africa.

with an elevation of 5 109 m.

©0000000000000000000000000000000000000000000000000000000000000000000

Kibo
Kibo, the highest peak of Kilimanjaro,

is also the highest peak in Africa and
the highest volcano with a grand
elevation of b 895 m.

©000000000000000000000000000000000000000000000000000000000000

Maromokotro

Located on the Tsaratanana massif,
Maromokotro is the highest peak
on the island of Madagascar, rising
to 2 876 m.

Mount Moco
The highest peak of
Angola, Mount Moco

Seweweekspoortpiek

Found along the Cape Fold
Belt, Seweweekspoortpiek is
the highest highest peak of
the Cape Fold Belt with an

elevation of 2 325 m.

rises to an elevation
of 2 620 m.

©00000000000000000000000000000000000000000000000000000

©00000000000000000000000000000000000000000000000000000000 0
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Ranges and Massifs

Atlas Mountains

The Atlas Mountains form Figure 1.12: Elevation map of the Atlas Mountains

he main raphi
the main topographic — o 10°E
feature of Morocco, Algeria (metrep above o !S?" 9
S e a
and Tunisia. The mountain o e a ™
n

2450 - 3500 a
range extends for about 1850-2 450 v

1500- 1850
1 610 km (UNEP, 2008) 1200-1500

1000 -1 200
from the Moroccan port 750-1000

550 - 750
of Agadir in the southwest 400-550
200 - 400

to the Tunisian capital of <200

160
——— Kilometres

Tunis in the northeast. The

mountain range separates

the Mediterranean basin
in the north from the
Sahara Desert in the south
(Figure 1.12). The highest
peak in the Atlas Mountain

range is Jebel Toubkal with
an elevation of 4 167 m
(Table 1.1; Figure 1.6). \

Sub—ranges of the Atlas ' ' ' Source: USGS 7.5 arc second maximum DEM; UNEP/DEWA

system include the Anti-

. . are dominated by the dry, sandy soils of the Sahara, which are
Atlas that runs parallel to the High Atlas; the Saharan Atlas in

characteristically low in levels of organic matter and water-

Eastern Morocco and Algeria; and the Tell or Maritime Atlas . . . .
. ] . retention capacity. These are dissected by ephemeral river

along the Mediterranean coast (Figure 1.12). The highest ) .
systems, which have poorly developed soils that are vulnerable to

eaks are covered by snow for most of the year, yet they lack the . L . .
P y yeany y degradation by human activities such as overgrazing of livestock

presence of glaciers (Peakware, 2013). The Atlas Mountains (Jones, et al., 2018).
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Ranges and Massifs

The Atlas Mountain range, situated at the
boundary of the African and Eurasian plates,
is a result of uplifting and deformation during
the Cenozoic geological era (Figure 1.3). The
mountain chain’s peaks are largely formed of
Palaeozoic basement granites and extrusions
of lavas of rhyolite and andesite. The Tell
Atlas are made up of carbonates, flysch and
crystalline basement rocks (Piqué, 2001;

Box 1.1). A variety of important mineral
deposits, phosphates and metal ores are found
in the Atlas Mountain range, including lead,
zinc, iron, manganese, antimony, phosphates,
coal, gold, silver and oil (UNEP, 2008;
Paradise, 2010; CEE, 2012).

Vegetation in the Atlas Mountain
range is unique. It is home to the argan tree
(Sapotacea) in the west (UNESCO, 2002),
plants similar to Mediterranean Europe in
the moist ocean climate of the north and
scrubby vegetation on the semi-desert southern
slopes (Bussman, 2006). These semi-desert
areas, such as the Hammada on the southern

side of the High Atlas, are characterized by

sparse vegetation, with the exception of dwarf
shrubs (Lindstadte & Baumann, 2013), and
the sandy desert has very little vegetation
(Rankou, Culham, Jury, & Christenhusz, 2013).
Figure 1.13 highlights a few general zones

of vegetation that can be found in different

elevations of the High Atlas Mountains.

Snowca. ped-Atlas’ =5 Argan tre_es‘_(Argania-"
Mouftains; Mokoe 23l in“the Atlas;Mountains

>2700m

Xerophytes (Euphorbia resinifolia)
as high as 3 300 m and Spanish
juniper throughout.

1600-2700m

Forests of oaks, cypress, fir and pine
trees and some junipers (Juniperus
phoenicea) between 1200 and
2500 m.

1400-1 600 m

Some domesticated olive trees
(Olea europea), red junipers in
lower elevations and box and ash
trees.

Sources: Barrow & Hicham, 2000; Hammi et. al, 2010
Photos (top to bottom): Rol1000 / Flickr / CC BY-NC-ND 2.0; ihorga / Shutterstock; Galyna Andrushko / Shutterstock
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Rif Mountains

Separated from the main Atlas Mountain chain, the Rif
Mountain range in Morocco extends for 290 km (Figure 1.14).
The range reaches from the Strait of Gibraltar in the west to the
Moulouya River valley near the Moroccan-Algerian border in the
east, hugging the Mediterranean Sea and peaking multiple times
at snow-capped mountains, including Mount Koudiet Tirbirhine,
which stands at 2 456 m (Valdés, Rejdali, Achhal El Kadmiri, &
Jury, 2002; Table 1.1; Figure 1.6).

The Rif belt was formed at about the same time as the
Mediterranean Sea, when the African and European tectonic
plates converged (Fernandez, et al., 1998; Michard, Chalouan,
Feinberg, Goftfe, & Montigny, 2002). The Rif belt is divided
into three segments: the Internal Zone, Intermediate Flysch
and External Zone (Wildi, 1983). The Internal zone consists
of metamorphic rocks and Mesozoic marine sediments (Wildi,
1983; Calvert, et al., 2000); the Intermediate Flysch Zone consists
of deep marine deposits of pieces of older rocks from the early
Cretaceous to early Miocene, and the External Zone is made up
of sedimentary rock from the Mesozoic era and Tertiary period
(Wildi, 1983).

The Rif Mountains are home to a diversity of plants owing

to the various types of soil making up the region (Draper,

Rif Mountains, Morocco

Ranges and Massifs

Figure 1.14: Elevation map of the Rif Mountains
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Mazimpaka, Albertos, Gariletti, & Lara, 2005). At higher
elevations, Mediterranean conifer and mixed forests dominate
with the Atlas cedar extending over 150 km* (Benabid &
Fennane, 1994). Endemic plants such as the Abies marocana, a
Mediterranean fir, and endangered relic and pine forests grow
in isolated areas but can stretch over hundreds to thousands of
hectares (WWEF, 2013).
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Ranges and Massifs

Aberdare Mountains

The Aberdare Mountains are an isolated volcanic range in Figure 1.15: Elevation map of the Aberdare Mountains
central Kenya (Figure 1.15) that extends for a length of about & P/ . 7
100 km from north to south, rising at two main peaks: Ol Donyo
Lesatima (3 999 m) to the north and Kinangop (3 906 m) to the

south (UNESCO, 2010a).

The Aberdare range formed during the early Tertiary to the
Pleistocene epoch by uplifting, warping and tectonic movement,
followed by volcanism and faulting of the African basement
(Peltorinne, 2004). Following this, volcanic rock and lava rose up
through the fractures in the crust, creating the mountain (van
Hinsbergen, Buiter, Torsvik, Gaina, & Webb, 2011). As a product

of fissure volcanic eruptions, the Aberdare ranges are mainly

Mounitg: °
Kenyiay.

made up of alkaline rock types including basalts, rhyolites and
other rocks ejected during the volcanic eruption (Kenya Forest

Service, 2010). ELEVATION
(metres above sea level)

> 5500
The Aberdare Forest Reserve comprises approximately 4500~ 5 500
3500 -4 500

103 300 ha of forest cover on the range’s lower slopes and is 3 450,300

home to 52 of Kenya’s 67 Afrotropical highland species and 1850-2450

1500- 1850
numerous types of plants, making it a rich area for wildlife and 1200-1500

biodiversity (UNESCO, 2010a). The variation of vegetation types 100071200

750 -1 000
with elevation in the Aberdare range is quite similar to that of 250-70

400 - 550
Mount Kenya. Diverse forests grow above 2 500 m including 200-400

cedar and riverine forests. From about 2 700 m to 2 900 m there
is a belt of bamboo and above 2 900 m cloud forests with species s et 2
. L. . . Source: USGS 7.5 arc second maximum DEM; UNEP/DEWA
such as Hagenia abyssinica grow. Above 3 100 m, the upper limit
of the montane forests, with species such as Erica excelsa can be

found (Bussman, 2006).
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Drakensberg Mountains

Cathedral Peak in the Drakensberg Mountains

Located along the 300-km eastern border of Lesotho and South
Africa, the Drakensberg Mountains extend for about 1 125 km,
covering 40 000 km? and rising to altitudes of between 1 800 m
and 3 482 m (Figure 1.16). At its highest peak, the Drakensberg
Mountain range rises to 3 482 m at Thabana Ntlenyana in
Lesotho (Figure 1.10; Table 1.5). The mountain range forms the
headwaters of the Vaal and Orange-Senqu Rivers (Compton &
Maake, 2007).

The Drakensberg Mountain range formed when sand

and mud carried by runoff settled into sedimentary layers and

Drakensberg Mountains, South Africa

Ranges and Massifs

Figure 1.16: Elevation map of the Drakensberg Mountains
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Ranges and Massifs

hardened under the compacting weight. Later,
as pressure built, the tectonic plates split apart
allowing lava to pour out through the fracture,
creating layers of basalt of up to 1 400 m in
thickness underlain by sandstone (EECRG,
2002). Due to their jagged appearance, the
Drakensberg Mountains are also known as
uKhahlamba, a local term that means “barrier

of spears”.

The formation of the mountains has also
resulted in numerous waterfalls. The Tugela
Falls, which drops for 948 m and is the second-
highest waterfall in the world, is one of the
Drakensberg Mountain range’s most prominent
features (World Waterfall Database, 2013).

Grasslands dominate the vegetation, which
occur in patches in the northern regions, but
there are also tall conifers in some of Africa’s
largest coniferous forests. Much of the flora
and fauna is endemic, including mostly reptile

and angiosperm species (WWF, 2008). Figure

i/ Flick¥ 7 cC BY NC:SA.,

1.17 shows the changes in vegetation with

5

eysa

elevation in the Drakensbergs.

d

“Shutterstock

Cattle grazing in the Umzimkulu

Natal bottlebrush in
Valley in the southern Drakensbergs -

the Drakensbergs

Peter Mooi / Shutterstock

WOLF AVNI

Figure 1.17: Vegetation zonation of the Drakensberg Mountains

- 2500-3400m
Short, hard tussock grasses and
low, creeping herbs.

- 1800-2500m
High elevation grasslands with
wetlands on the edges of mountain
streams and some orchid species.

— 1450-1900m
Patches of forests with species such as
Podocarpus latifoluis and Olinia
emarginate and a few patches
of Mistbelt forests with Xymalos
monospora.

Source: Scott-Shaw & Escott, 2011
Photos (top to bottom):unknown / Wikipedia / CC BY-SA 3.0; Renier Maritz /
Wikipedia / CC BY-SA 3.0; Cwawebber/ Wikipedia / CC BY-SA 3.0
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Cape Ranges

The mountain ranges of the Cape Fold Belt system, the
Cape Ranges, extend for more than 600 km from the o
Cederberg Mountains in the northwest to Port Elizabeth
in the east, and their base is mainly at or near sea level
(Johnston, 2000; Figure 1.18). Seweweekspoortpiek,
which summits at an elevation of 2 325 m, is the highest

Figure 1.18: Elevation

map of the Cape Ranges
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point of the Cape Fold Belt (Figure 1.10; Table 1.5).

The Cape Fold Belt is deformed Precambrian
basement rock, early Paleozoic Cape Granites and
Ordovician to Carboniferous sedimentary rocks
(Johnston, 2000). The formation and existence of the

Cape Fold Belt plays a role in the continental drift and

750 - 1000
550 - 750
400 - 550
200 - 400
<200

plate tectonics theories. One element of these theories
stems from the fact that the now separated fold and
thrust belts found in southern Africa, such as the Cape

Fold Belt, South America and Antarctica were once one

E— Kilometres

50 100

18°E

continuous belt referred to as the Gondwanide orogenic

belt. Still a mystery, however, is how the Cape Fold Belt

formed so distant from the active margin of the Gondwana
supercontinents (Johnston, 2000). The formation processes of
the Cape Fold Belt have created unusual features in the Cape
Ranges. For example, there are pyroclastic rocks and igneous
debris that make up the sediments formed after the folding and
faulting in the earth’s crust (Newton, 1973). Additionally, the
sedimentary strata of the Karoo geology system also underlie the
Fold Belt. The Karoo formed about 345 - 190 Ma and extends
from the Equator to the Cape of Good Hope at the southeastern
tip of South Africa (EB, 2011).

Source: USGS 7.5 arc second maximum DEM; UNEP/DEWA

The Cape area has diverse soil types and as the soil changes,
so does the flora. Forest vegetation is found in deeper soils,
shrubby and herbaceous plants are found where precipitation
is not as frequent (Goldblatt & Manning, 2002) and sandy soils
give way to highly endemic flora with species-rich sclerophyllous
fynbos and succulent shrubland (McDonald & Cowling, 1995).
Fynbos, a type of natural shrubland, is the major type of
vegetation in the small Cape Floral Kingdom botanical region,
which is high in biodiversity (Maneveldt, n.d.). Other shrubs,
such as Asteraceae species, thrive in the clay-like soils (Goldblatt &
Manning, 2002).
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Ahaggar Mountains

Covering nearly 544 000 km?, the Ahaggar Mountains, Figure 1.19: Elevation map of the Ahaggar Mountains
also named the Hoggar, are a block-mountain system 7

covering southeastern Algeria and crossing into Niger

and Libya. The range is found along the Tropic of

Cancer in the Sahara desert (Figure 1.19).

Some 300 million years ago, volcanic activity
underneath the Ahaggar plateau pushed it upwards,
raising its granite base high above the Sahara. The
following volcanic eruptions resulted in the formation
of basaltic lava beds and pumice, which make up much
of the geology of the Ahaggar Mountains (Waskey,
2005). The Ahaggar plateau, which is covered in lava
fields, provides a base for the Ahaggar Mountains,
whose highest peak reaches 2 918 m at Mount Tahat
(Waskey, 2005; Figure 1.6; Table 1.1). It also consists

of Precambrian crystalline slate, conglomerate and ELEVATION

(metres above sea level)
>5 500
4500-5500 | 4
million years old and is part of the old bearing rock of el

1850-2450

the African continent. Some of the peaks are volcanic 1500 185

1200-1500

plugs, or solidified lava. Over millions of years, the ‘ 10001200

750 - 1000

outer layers of these volcanoes have been subjected 550750

400 - 550

to water and wind erosion, leaving only the plugs or 200400

<200

gneiss. The Ahaggar massif is built of rock some 300

“necks” protruding above the pink granite plateau. Two e

120
—) Kilometres

waterfalls can be found in the Ahaggar Mountains, the Sources USGS 7.5 are second maximum DEM; UNEP, DEWA

Tamekrest and the Imeleoulaouene (Waskey, 2005).
include Zilla spinosa, Artenisia species and Fagonia species

Much of the Ahaggar plateau is sparsely vegetated, although (Wacher, et al., 2005). The main tree species is Olea laperrine:

there are significant stands of trees and perennial vegetation (olive), which can be found at elevations between 1 400 and

that often align with the drainage patterns because of water 2 800 m in fragmented patches (Baali-Cherif & Besnard, 2005).
availability in this region of sharp topography. Dominant shrubs

e

Ahaggar Mountains, Algeria

BibiWeb / CC BY-NC-ND
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Rwenzori Mountains

The Rwenzori Mountains, known as the “Mountains of the
Moon” (Russell, Eggermont, Taylor, & Verschuren, 2009),

are comprised of six massifs that cross the border of Uganda
and the DRC (Young & Hastenrath, 1991; Figure 1.20). They
cover a total of 3 000 km? and extend for 120 km (Russell,
Eggermont, Taylor, & Verschuren, 2009). The highest peak is
Margherita peak on Mount Stanley, reaching 5 109 m (Table
1.3; Figure 1.8). Although the Rwenzoris are located just north
of the equator, glaciers can be found on Mount Stanley, Mount
Baker (4 873 m) and Mount Speke (4 891 m) (Table 1.4;
Figure 1.9), but are quickly disappearing (see Chapter 3).

The Rwenzori Mountains were formed by faulting
activities that also formed the Albertine Rift, which is part
of the Great Rift Valley. They are largely composed of
metamorphic rock, believed to have been tilted and squeezed
upwards during plate tectonic activity and continental drifting
(Peter, 2009).

The unique alpine landscape has unusual vegetation,
including giant lobelias, ericas, groundsels and heathers.
Five major zones of vegetation occur at different altitudes,
including a base of montane forests leading up to forests of

bamboo at 3 000 m, the botanically large flora of heathers
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Figure 1.20: Elevation map of the Rwenzori Mountains
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Ranges and Massifs

foresGiRwenzari Mountains

and heath vegetation at 3 800 m and finally
small trees and undergrowth leading upwards

to an Afroalpine moorland above 4 400 m

El.Sarmiento / Wikimedia / CC_BYSA

(Figure 1.21). The vegetation contributes to
S . Mount Stanley
its significance as a vital catchment area. The

mountains receive heavy rainfall, and together
with ice and snow melt from its peaks, the
region is the most permanent water source for

the Nile River (Eggermont, Van Damme, &

Russell, 2009; Taylor, Mileham, Tindimugaya,
& Mwebembezi, 2009; UNESCO, 2013).

Rwenzori Mountaineering
Service Headquarters

3000-5000m

Heather forests dominated by Erica
species, mosses and lichens.

Alpine orchids (Disa stairsii), giant
groundsels and lobelias in the bogs
of the upper heath forests.

2800-3000m

Bamboo thickets and flowering
plants (Hypericum and Scadoxus
cyrtanthiflorus).

1600 m-2800m

Evergreen forests with Broad-
leaved Yellowwood (Podocarpus
latifolius) and/or Fauria saligna
and treelets like Erythrina abyssi-
nica up to 2 000 m.

Source: Linder & Gehrke, 2006

Photos (top to bottom): Monika Hrdinov / Shutterstock;
Oleg Znamenskiy / Shutterstock; Clément Girardot /
Flickr / CC BY-NC-SA 2.0
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Eastern Arc Mountains

Extending for about 600 km, covering an area of approximately above 1 800 m. Overall, there is slightly less than 5 000 km?® of
23 000 km* and comprising 13 mountain blocks, the Eastern natural forest remaining in the Eastern Arc Mountain region
Arc Mountain system extends from the Taita Hills in southern (Harper, et al., 2010).

Kenya to the Makambako Gap in the southern United Republic
of Tanzania (Lovett & Wasser, 1993; GEF, 2002; MNRT, 2010;
Figure 1.22). The summit elevations of these mountain groups
ranges from 1 000 m to 2 800 m (Newmark, 2002). Twelve

of the mountain blocks are found in the United Republic of

Figure 1.22: Elevation map of the Eastern Arc Mountains

Tanzania and one in Kenya. The highest peak in the Eastern Arc
Mountains is Kimhandu with an elevation of 2 653 m, which is
found in the Uluguru Mountains (GEF, 2002).

The Eastern Arc Mountains were formed by block faulting
and are made up of Precambrian crystalline rocks that have
been dated back to 3 235 to 290 Ma. Sedimentary rocks from
the Cretaceous and Jurassic periods and volcanic rocks from

the Tertiary period to recent times are also found within the

mountains. Uplifting began to occur before the break-up

of Gondwanaland, approximately 290 to 180 Ma during the (metre?':tm?:'a level)

Karoo period, (Newmark, 2002). Cycles of uplift and erosion 5500
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continued, with the most recent uplift occurring during the
creation of the East African Rift, which began about 7 Ma
(Griffiths, 1998).

Woodlands, grasslands and shrubs and some forest cover

the lowland areas. Submontane forests begin around 800 m s50-750 (U
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Ranges and Massifs

Tibesti Massif

The Tibesti massif, which covers about 100 000 km?, Figure 1.23: Elevation map of the Tibesti massif
is a distinctive feature in the Sahara Desert that spans 3
southern Libya and northern Chad (Permenter &

Oppenheimer, 2007; Figure 1.23). The tallest peaks of

the massif are Cenozoic volcanoes (Schliiter & Trauth,

2008), summiting at Emi Koussi with an elevation

of 3 415 m, located in Chad (SI, 2013; Table 1.3;

Figure 1.8).

The massif is a result of faulting and volcanic
activity (Guiraud, Doumnang Mbaigane, Carretier, &
Dominguez, 2000). The massif is one of only six areas
in Africa that expose Precambrian crystalline rocks.
The core of the exposure is metamorphic and intrusive

rocks and they are surrounded by Palaeozoic rocks and

partially topped by Tertiary volcanic rocks (Ghuma & _ /IR -
Rogers, 1978). : o . ELEVATION

(metres above sea level)
>5500

Although the Tibesti massif is located in the desert, dao0-s500 |
2450-3500
1850-2450
1500-1 850
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the Mare de Zoui, in which wetland vegetation such as e i s - e

water is collected in gorges and wadis (intermittent
steams), enabling tropical palms and other plants to
grow in certain areas (White, 1983). For example, the
northern part of the massif supports a permanent lake,

EY

Phragmites and Typha can be found. Varieties of woody ; e F _ T o

. . : . i H A
vegetation can be found the deep gorges that cut into Source: USGS 7.5 arc second maximum DEM; UNEP/DEW.

the massif (Hughes & Hughes, 1992).

.
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Holly Ladd / Flickr / CC BY-NC

Aerial view of the Emi Koussi volcano on the Tibesti massif, Chad
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Volcanic Mountains

Volcanic Mountains

Volcanic mountains are usually cone-shaped, having been Box 1.3: Volcano terminology

formed by accululations of lava, ash and hot gases ejected from An active volcano is one that has in historic time, or is

below the earth’s surface. Typically, volcanoes have a depression currently erupting or showing signs of unrest, such as

on top where the crater is or was, although erosion may have earthquake activity or discharge of significant amounts of gas.

caused ancient volcanic mountains to change shape. Volcanoes A dormant volcano is not currently active, but could show

can be classified into three general states of activity: active, activity or erupt again.

dormant and extinct (Box 1.3). An extinct volcano is one that has erupted thousands, or tens
of thousands, years ago and is unlikely to do so again.

Source: USGS-VHP, 2009

Figure 1.24: Crater highlands, part of the East Africa
Rift Zone in the United Republic of Tanzania

Fracturing of the earth’s crust and the spreading of

the African plate on the west and the Somalian plate on the
east formed the East African Rift, one of the world’s most
dramatic geological structures and the site of many volcanoes
and prevalent volcanic activity (NASA, 2013). This region is
also home to Africa’s highest and lowest volcanoes, Mount
Kilimanjaro in the United Republic of Tanzania and Ethiopia’s
Rl Danakil Depression, respectively (Omenda, 2010).
E_mpakaai__ 5N
R Crdt_?,!_,: : The two branches of the rift converge at the crater highland
R area of the United Republic of Tanzania (Figure 1.24). The
Rift area also includes the many volcanoes of the Virunga
region, which encompasses northern Rwanda, the Democratic
Republic of the Congo and Uganda. It is situated between Lake
Edward and Lake Kivu and runs in an east-west direction 50 km
north of Lake Kivu (Demant, Lestrade, Lubala, Kampunzu, &
Durieux, 1994).

The Virunga volcanic region has eight major volcanoes,
and these are divided into three groups: eastern (Muhabura,
Mgahinga and Sabyinyo), central (Visoke (Bisoke), Karisimbi
and Mikeno) and western (Nyiragongo and Nyamuragira)
(Figure 1.25). The eastern and central volcanic groups are
dormant, while the volcanoes in the western group are active
(Wafula, et al., 2007).

Source: NASA, 2013
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Extinct Volcanic Mountains
Mount Kenya

Mount Kenya is relatively isolated,
lying 180 km to the north of Nairobi,
the capital of Kenya, and just south
of the equator (Bussman, 2006;
Figure 1.9). It is an extinct volcano
and the second highest mountain in
Africa, rising to Batian, its highest
peak at 5 199 m (Baker, 1967).

Mount Kenya was formed as a result
of intense tectonic activity on East Africa’s central plateau
(Baker, 1987; Table 1.4; Figure 1.9). The rift system, created by
fracturing, underwent more major faulting events that caused
some of the structures to drop lower than sea level. Mount
Kenya arose out of this system when lava flows and a succession
of volcanic rock from the Pleistocene and Pliocene came up
through crust fractures (van Hinsbergen, Buiter, Torsvik, Gaina,
& Webb, 2011).

The mountain’s main peaks at Batian and Nelion have
coarse-grained, intrusive igneous rock, while the lower slopes
have different lavas and agglomerates (Wielochowski, 2013).
Glacial activity eroded the mountain summit’s original cone
shape, resulting in jagged topography of knife-edge ridges,
pyramidal peaks, U-shaped valleys and rock basins.

Mount Kenya’s vegetation includes savanna grasslands
at the base; forests of tall and broad-leafed trees on the lower
mountain slopes; podocarpus and cedar trees in the middle
slopes; a belt of bamboo from about 2 200 m to 3 100 m,
surrounded by thin forests of Hagenia and Hypericum trees above
and below the belt; and the alpine zone above 4 000 m. Above
5 000 m, the landscape is bare rock and glaciers (MKT, 2009;
Young & Hastenrath, 1991).

Mount Elgon

On the border between Kenya and
Uganda, this impressive extinct
volcano has numerous peaks
including the highest, Wagagai,
standing at 4 321 m on the Uganda
side (Table 1.4; Figure 1.9). The

caldera of Mount Elgon, along

with hot springs, is located at an
elevation of approximately 4 000 m
(UNESCO, 2010b). The caldera measures 40 km? in area
(UWA, 2012) and is one of the largest intact calderas in the
world (UNESCO, 2010b).

This solitary volcano is one of the oldest in eastern Africa,
created during the early Miocene epoch (20 - 12 Ma) when
lava debris erupted from an enlarged volcanic vent (Mugagga,
Buyinza, & Kakembo, 2010). The main rock types are basaltic
parent materials, weathered granites (Claessens, Knapen, Kitutu,

Poesen, & Deckers, 2007), carbonate intrusions in lower areas

Volcanic Mountains

(Knapen, et al., 2006; Claessens, Knapen, Kitutu, Poesen, &
Deckers, 2007), and inorganic clay soils of high plasticity, which
make it extremely vulnerable to landslides (Mugagga, Kakembo,
& Buyinza, 2012a; see Chapter 3).

Above 3 500 m, swamps and moorland vegetation
dominates, leading downward to bamboo and low-canopy
montane forest from 2 400 m to 3 000 m; below 2 500 m, a mixed
montane forest overlooks the base of the mountain (Mugagga,
Kakembo, & Buyinza, 2012b).

Dormant Volcanic Mountains

Mount Kilimanjaro

Soaring to 5 895 m at Kibo peak
(Table 1.5; Figure 1.10), Mount
Kilimanjaro is the highest mountain
and volcano on the African continent
and the highest free-standing
mountain in the world. It lies in the

northeastern region of the United

Republic of Tanzania, along the East
African Rift, close to the Kenyan border (Nonnotte, et al., 2008).

Mount Kilimanjaro has three volcanic centres: Shira,
Kibo and Mazenzi (from west to east) (Nonnotte, et al., 2008).
Kibo is the tallest and youngest centre and the only of the
three peaks where glaciers remain (Cullen, et al., 2006). Shield
and volcanic eruptions created the mountain, forming mostly
igneous rock types in the process (UNDP, 2010; Hayes, 2004).
Volcanic activity at the Shira vent began approximately 2.5
Ma and stopped about 1.9 Ma. Activity at Mawenzi and Kibo
began about 1 Ma (Nonnotte, et al., 2008). The youngest
volcanic rocks found in the Mawenzi eruptive centre are from
approximately 448 thousand years ago (ka) and the last volcanic
eruption on Kibo occurred around 200 - 150 ka (Nonnotte, et
al., 2008). Shira and Mawenzi are considered extinct (Young &
Hastenrath, 1991), however Kibo may not be completely extinct
(Nonnotte, et al., 2008)

Historic evidence of a more extensive cover of glacier ice on
Kilimanjaro has left behind distinct physical features typical of
glaciated landscapes, such as moraines, boulder trains, U-shaped
valleys, glaciated pavements, rock basins and kettle lakes (Young
& Hastenrath, 1991).

There are five main altitudinal vegetation zones on the
mountain: colline (below 900 m), submontane (900 - 1 600 m),
montane forest (1 600 m to about 2 800 m), subalpine moorland
(about 2 800 m to 3 900 m) and alpine vegetation beginning
around 3 900 m (Hemp, 2002; Young & Hastenrath, 1991). Parts
of the montane forest belt are comprised of Erica excelsa forests
from 2 700 m to 3 100 m on the southern slopes and 2 800 m to
3 400 m on the northern slopes (Bussman, 2006). A true alpine
desert exists on Kilimanjaro. At the highest elevations on the
mountain, annual precipitation is very low (< 200 mm) (Hemp,
2002), thus creating desert-like conditions (Bussman, 2006).
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Mount Muhabura

Mount Muhabura is located on
the border between Rwanda and
Uganda. A dormant stratovolcano
in the eastern region of the
Virunga volcanic complex, it is the
third highest of the eight major
mountains in the area, reaching
4127 m (Table 1.4; Figure 1.9). A
40 m-wide lake is found at the summit (SI, 2013).

Mount Muhabura and two other nearby volcanoes, Mount
Sabyinyo and Mgahinga were formed in the early to mid-
Pleistocene era of layers of ash and cinder deposits from the lava
flow (Kingston, 1967). Mount Muhabura is the youngest volcano
of the three (Rogers, James, Kelley, & De Mulder, 1998).

Vegetation ranges from submontane forest at low altitudes
(1300 =2 000 m) to supra-tropical mountain forests at mid-
range altitudes (2 000 — 2 300 m) (Bussman, 2006).

Active Volcanic Mountains
Mount Nyiragongo and Mount Nyamuragira

Mount Nyiragongo and Mount
Nyamuragira, which are part of
the Virunga volcanic complex
(Figure 1.25), are among the most
active volcanoes on Earth. The
stratovolcano Mount Nyiragongo
rises to 3 470 m (Table 1.3;

Figure 1.8) and is situated 18 km

north of Goma city in eastern DRC.
It lies just west of the border between the DRC and Rwanda
and approximately 15 km away from neighbouring Mount

Nyamuragira, Africa’s most active volcano. Rising to 3 058 m

View of Nyiragongo from Goma, DRC

Volcanic Mountains

(Table 1.3; Figure 1.8), Mount Nyamuragira is a high-potassium
basaltic shield volcano located 25 km north of Lake Kivu in the
DRC (Volcano Discovery, 2013). The volcanoes are located in the
Virunga National Park, Africa’s oldest national park, established
in 1925 (UNESCO, 2014).

The formation of volcanoes in the Virunga complex could
be a result of the Western Rift system spreading horizontally
into the Congo craton (Ashwal & Burke, 1989). Nyiragongo
and Nyamuragira emerged through regular volcanic processes
(hardening of lava and volcanic ash from earlier eruptions),
although the divergent movement of two African plates account
for the high volcanic activity on mount Nyiragongo (UNOPS,
2009). Nyiragongo and Nyamuragira are relatively young, having
formed not more than 2 Ma (Briggs & Booth, 2009). Lava on
Mount Nyiragongo flows into the world’s largest lava lake at
its summit and has chemical compositions similar to ancient
asteroids, suggesting the lava comes from deep inside the earth
where the source of molten rock is in its pristine condition
(Science 20, 2009; Chakrabarti, Basu, Santo, Tedesco, & Vaselli,
2009). Volcanic eruptions from Nyamuragira have low silica
content and the lava is alkaline. The lava is very fluid with flow
rates of as high as 20 km/hr (Head, Shaw, Wallace, Sims, & Carn,
2011). Nyiragongo has a unique semi-permament lava lake that
fills its crater. Prior to 1977 the lake was permanent (Demant,
Lestrade, Lubala, Kampunzu, & Durieux, 1994), but now it
empties every so often, posing a threat to nearby communities
when it does (UNESCO, 2014).

The vegetation on Nyiragongo and Nyamuragira varies
from bright-green forested areas to cleared areas to old lava flows
with sparse vegetation and some agricultural fields. Nyiragongo
and Nyamuragira both primarily have meadows on their east-
facing slopes and mixed forest on their west-facing slopes.

Some heather and Mimulopsis may be found at some of highest

elevations on Nyiragongo (Steklis, Madry, Steklis, & Faust, 2005).
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Volcanic Mountains

Grassy slopes of Mount Cameroon

odaine / Flickr / CC BY-

Mount Cameroon Mount Cameroon is a stratovolcano formed by three
types of volcanic activity (Bardintzeff & McBirney, 2000):

effusive eruptions (formed of easily-flowing hot lava), explosive

Mount Cameroon is in southwestern
Cameroon and rises to a summit
elevation of 4 095 m (Table 1.3; eruptions (due to cooler magma building up pressure) and
Figure 1.8). The mountain belongs hydro-magmatic activity (from the interaction of magma and
water). It is largely comprised of alkaline rocks (Tsafack, Wandji,

Bardintzeff, Bellon, & Guillou, 2009).

to the Cameroon Volcanic Line

(Figure 1.26), a major structural

feature that extends from the island Due to the wide altitudinal range, climate and regular

of Principe through Equatorial volcanic eruptions, Mount Cameroon has diverse vegetation
Guinea to the highlands of Adamoua in Cameroon and Obudu types and high levels of species endemism and richness,
in Nigeria (Laird, Awung, Lysinge, & Ndi, 2011). On average, including 2 500 plant species. Major forest types on Mount
eruptions on Mount Cameroon occur every 10 to 20 years, Cameroon include lowland montane rain forest, subalpine rain
making it the most active volcano on the Cameroon Volcanic forest and subalpine grasslands (Cable & Cheek, 1998).

Line (SI, 2013) and one of the most active in all of Africa
(Suh, et al., 2011).

Figure 1.26: Mount Cameroon Volcanic Line (age of formation)
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Source: USGS 7.5 arc second maximum DEM; Suh, et al., 2011;
Tsafack, Wandji, Bardintzeff, Bellon, & Guillou, 2009; UNEP/DEWA



Volcanic Mountains

Island volcanoes
Comoros

The Comoros Islands are an
archipelago of four tropical
volcanic islands, located south
of the equator in the northern

part of the Mozambique

Channel of the Indian Ocean,
between Madagascar and the
African continent. Together,

the islands of Ngazidja (Grande Comore), Mwali (Mohéli) and
Ndzuani (Anjouan) form the Union of the Comoros (Granek

& Brown, 2005; Sang, et al., 2005) and the archipelago is
completed by Mayotte Island, a French overseas départment
(France.fr, n.d.). Coral patches and fringing coral reefs surround
the volcanic islands and a handful of smaller uninhabited islets
(Granek & Brown, 2005).

Karthala, an active volcano located on Ngazidja Island,
is the highest point of Comoros with an elevation of 2 361
m (Table 1.6; Figure 1.11). La Grille (1 087 m) is an extinct
volcanic massif that is also located on Ngazidja, dominating
the northern part of the island. Only Karthala has been active
historically, with more than twenty eruptions during the past
150 years. The Karthala eruptive style is mostly effusive, however
highly magmatic explosions have occurred (Savin, Ritz, Join, &
Bachelery, 2001; Bacheélery, et al., 1995; Poppe, et al., 2012).
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The original vegetation is mostly evergreen forest, but above
approximately 1 500 m, the trees on Karthala give way to stands
of a giant heath. In drier parts of northern Grand Comoros and
southern and eastern Mayotte, trees are replaced by scrub, with
such typical plants as Baobab trees (Louette, 2000; Louette,
Meirte, & Jocque, 2004).

Cape Verde
The Republic of Cape Verde is an

island archipelago of ten volcanic
oceanic islands and minor islets
spread over 58 000 km*in a
horseshoe-shaped cluster of active

and inactive volcanoes. Cape

Verde is located approximately

500 km offshore of Senegal and
2 000 km east of the Mid-Atlantic Ridge (Pim, Peirce, Watts,
Grevemeyer, & Krabbenhoeft, 2008). With about 1 050 km of
coastline, the Cape Verde Islands are typically classified into

three groups: northern, eastern and southern.

Despite the islands’ varied appearances, all are volcanic
in origin, since they sit over a hotspot where magma pushes
up through the earth’s crust and erupts on the sea floor. The
relatively low, flat islands of Sal, Boa Vista and Maio are sandy
and dry with coastal zones that are predominantly bordered by
extensive sandy beaches and low near-shore islets. In contrast,

high mountains, prominent sea cliffs, extraordinarily steep




slopes and a wide range of vegetated habitats in relatively small
areas characterize the northern and southern island groups
(Mayoral, et al., 2013).

Fogo Island contains Cape Verde’s tallest mountain, Pico
do Fogo, which rises to 2 829 m and represents the only island
with recent volcanic activity (Table 1.2; Figure 1.7). The roughly
circular 25-km wide island is truncated by a large 9-km wide
caldera that is breached to the east and has a headwall that is
1 km high.

Echium vulcanorum, a woody fuel, is endemic to Fogo and
grows at elevations of 1 800 m and above. On Fogo’s ancient lava
flows, medicinal species such as Artemisia gorgonum and Erysimum

caboverdeanum can be found (Duarte & Romerias, 2009).
Sao Tomé and Principe

The Democratic Republic of Sao
Tomé and Principe is a small
island nation in the Gulf of
Guinea, off the western equatorial

coast of central Africa. The island

Volcanic Mountains

state consists of the main volcanic island of Sao Tomé (860 km?)
on the equator and Principe (104 km?), which lies 136 km to the
north. It also includes some small, mainly unpopulated, rocky

offshore islands.

The Sao Tomé and Principe islands are a part of the
Cameroon Volcanic Line, having been formed through volcanic
processes (Burke, 2001; Figure 1.26). Rocks on the island
are primarily basalt, traquite, phenol and andesite; soils are
composed of residue from magmatic rocks and other volcanic
material (MNREE, 2009). Sao Tomé is the more mountainous
of the two islands, whose highest points are Pico de Sao Tomé at
2 024 m (Table 1.3; Figure 1.8) and Pico do Principe at 948 m,

respectively.

Vegetation on the mountains of Sao Tomé and Principe
is primarily endemic. At elevations above 1 800 m, flora such
as Psychotria guerkeana and Erica thomensis can be found. Foggy
forests exist near peaks and in the highest elevations. In
these forests there are Lobelia barnsii, trees such as Homalium
henriquensii and other endemics such as Peddiea thomensis
(MNREE, 2009).
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Highlands

Simien Mountains, Ethiopia
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H ig h I a nds hillsides and a cloud-forest belt dominates the area between 2 000

and 2 500 m. A broadleaf evergreen montane forest is found
Ethiopian Highlands in the north while the eastern and western areas are covered in
The Ethiopian Highlands (above 1 500 m) cover an area of montane forests at lower levels and by Afroalpine ecoregions at
537 000 km?, or 43 per cent, of Ethiopia and account for more higher elevations (EB, 2013).
than half of all the highland areas in Africa (Hurni, 1988). The

western Ethiopian Highlands extend from Figure 1.27: Elevation map of the Ethiopian Highlands
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southern highlands were formed along with

the Great Rift Valley, cutting the main dome
in half. Tertiary lava flows cap Precambrian

basement, which form the layer underlying the
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and remainder of the massifs are made up of

Mesozoic rocks and Tertiary basalts, respectively.
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Rich volcanic soils are abundant, supporting the
region’s great biodiversity (EB, 2013).

In the south, a variety of Yellowwood
(Podocarpus falcatus) and the African juniper

(Juniperus procera) are found on the drier



Highlands

P TR T
point of the Fouta Djall

"y

on Highlands * -

g ~ View from Mount Loura, the highest

e .
. 3 i
e ' -

s —

Trevor Kittelt / Shutterstock.",;,{ :

Fouta Djallon Highlands
The Fouta Djallon Highlands (FDH) in

west-central Guinea in West Africa cover
about 384 300 km? of land among parts of
five countries: Guinea, Guinea-Bissau, Mali,
Senegal and Sierra Leone (Verschoren, 2012;
Figure 1.28). The FDH are characterised by
blocky elevated sandstone plateau and deep
gorges with rivers that feed western Africa’s
greatest rivers, such as the Niger and the
Senegal (Daget, 1962; Capo, Sottolichio,
Brenon, Castaing, & Ferry, 2006; EB, 2012).
The highest point of the FDH is Mount Loura
with an elevation of 1 538 m (Table 1.2;
Figure 1.7).

The FDH may be the result of the West
African swell after uplifting that occurred

about 30 million years ago. Residual relief ELEVATION

. . . . (metres above sea level)

rose with the uplifted African surface creating 5500
4500 -5 500
3500 -4 500
2450 - 3500
1850 -2 450

stairwells on the uplifted flanks. The elevated
surface made of sandstone was eroded further

to create the Fouta Djallon plateau highland 150072850

1200-1500

region (Burke & Gunnell, 2008). The highly 1000-1200

750 - 1000

weathered soils left behind are rather infertile 550-750
400 - 550
and the ecological conditions dictate the type 200-400

of land use (FAO, 1985).

Submontane Vegetatlorl’ SllCh as the Source: USGS 7.5 arc second maximum DEM; UNEP/DEWA

Guinea plum (Parinari excelsa) and the locust

bean tree (Parkia biglobosa), are prevalent in

the upland areas (Sayer & Harcourt, 1992), which are bordered
by forest and savanna transition zones.



Conclusion

This chapter has identified and described some of Africa’s
mountainous and highland regions, providing the basic

knowledge upon which to further examine these ecosystems.

Now that a foundation of knowledge has been built, the
Atlas turns to looking at what are called “ecosystem goods and
services”. These are the functions we take for granted, such as
storing and filtering water, as well as the goods derived from
mountains, such as forest products, water for domestic use,
irrigation and hydroelectricity, and fertile soils for crops, among
many others. The next chapter reveals why mountains are so vital

to Africa’s 1.1 billion people.
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Ecosystem Goods

Chapter Highlights

A The Fouta Djallon Highlands in Guinea and the

and Services

Kenyan Highlands are 2 of the 11 prominent
highland or mountain areas that serve as water
towers for Africa. These areas supply crucial water
resources to places that would otherwise be too dry
to support life.

A Many of Africa’s mountain areas harbour rich

biodiversity, including the Albertine Rift region,
which is home to more than 1 175 endemic plant
and animal species.

A Coffee and tea are important mountain cash crops

for Africa, with Ethiopia alone producing 400 000
tonnes of coffee per year from its highlands and
Africa holding 12 per cent of the global stake in
the coffee market. Kenya is the world’s third largest
tea producer.

A Afromontane forests account for approximately

6 per cent of the continent’s forests, supplying not
only firewood and shelter, but also products such
as honey, medicines from plants such as Prunus
africana and tree-derived chemicals and dyes.

A A successful carbon sequestration project is

ongoing in the Huambo Province of the Ethiopian
Highlands. Reforestation has resulted in the
issuance of at least 73 000 carbon credits (2012)
and an estimated 880 000 tonnes of CO: is
expected to be sequestered over the 30 year life of
the project.

A There is also a tremendous cultural value harboured

in Africa’s mountains, much of which is preserved
through the observance of sacred places. More
than 100 sacred sites can be found in the Rwenzori
Mountains alone.

A variety of ecosystems exist in Africa’s mountain areas,
including forests, shrublands, grasslands and desert (Figure 2.1).
These ecosystems provide a wide range of goods and services

to people living in highland regions as well as the surrounding
lowland regions. Box 2.1 defines the services that mountain
ecosystems can provide to these regions. They include freshwater
from water stored in glaciers, snow and rivers; medicines and
food, both wild and cultivated; cultural values, such as those
derived from sacred mountains; tourism and recreational values
through activities such as wildlife viewing, mountain climbing
and hiking; economically valuable minerals; and hydropower
generation (Grét-Regamey, Brunner, & Kienast, 2012). Land to
cultivate food and cash crops and forests that play a major role
in the global carbon cycle, including carbon storage, are other
important assets. Thus, mountain areas are extremely important
to Africa’s economy and to the well-being of both highland and

lowland populations.

Box 2.1: Mountain ecosystem goods and services

Provisioning services supply the goods themselves. Examples
include:

e Extractive resources that primarily benefit lowland
populations (water for drinking and irrigation, timber,
and so on)

e Ecosystem production (agricultural production for local
subsistence and for export; pharmaceuticals and medicinal
plants; and non-timber forest products)

Regulating services control climate, as well as events such as
flooding and the spread of disease. Examples include:

e Biodiversity

* Watershed and hazard prevention
e Climate modulation

* Migration (transport barriers/routes)
e Carbon storage

Cultural services address the beauty and inspiration of nature.
Examples include:

e Spiritual role of mountains

e Biodiversity

® Recreation

e Cultural and ethnological diversity

Supporting services provide for vegetation growth and
production. Examples include:

* Soil formation
* Photosynthesis
e Nutrient cycling

Sources: Compiled from Korner & Ohsawa, 2005; EC, 2009




Figure 2.1: Ecosystem subclasses
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Water Towers

Mountains capture, store and purify water (Grét-
Regamey, Brunner, & Kienast, 2012) and release it
to lowland areas (Figure 2.2). Rainwater collects on
the surface of mountains and contributes runoff

to streams and rivers that carry water downstream.
Additionally, water is captured and stored as
groundwater, released through springs, and also
stored in vegetation (FAO, 2002).

Figure 2.2: Importance of mountain areas for lowland water resources

The term “water towers” refers to elevated
areas of land (generally at least 200 m above the
surrounding area) that receive at least 750 mm of
rainfall and 250 mm of runoff per year and are
significant water sources for populations beyond their
immediate delineated boundaries (UNEP, 2010).
There are at least 11 prominent water towers in Africa

including the Middle Atlas range, the Fouta Djallon
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region, the Jos Plateau, Ethiopian Highlands,
Kenyan Highlands, Angolan Plateau and Lesotho

Table 2.1: Associated major rivers of the water towers
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Biodiversity

Biodiversity is usually high in mountain areas,
supporting a significant range in vegetation and
wildlife types. Figure 2.4 shows the various zones of
vascular plant species density throughout Africa.
Notable highland areas with high density of vascular
species include the Albertine Rift region with 2 000
to 3 000 species and the eastern coast of Madagascar
with 4 000 to 5 000 per 10 000 km?, one of the

densest zones.

A high degree of endemism is integral to

the biodiversity of Africa’s mountains. The term

Figure 2.4: Vascular plant species diversity

“endemism” refers to species that can only be found
in one particular region and cannot be found
anywhere else in the world, thus making them
prime areas for conservation interests (WCS, 2014;
Myers, Mittermeier, Mittermeier, da Fonseca &
Kent, 2000). Indeed, mountains are often referred
to as “islands” of biodiversity rising above “seas”

of lowland vegetation (Bagoora, 2012a). Africa’s
tropical mountain areas contain higher levels of
species richness and biodiversity than other areas in
sub-Saharan Africa (Burgess, et al., 2007a). There

are eight main biodiversity regions in Africa that
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concentrations of endemic species and their significant loss of

habitat (Myers, Mittermeier, Mittermeier, da Fonseca & Kent,
20005 CI, 2014). A brief synopsis of each biodiversity region is

given in Box 2.2. Some regions, such as the Cape Floristic and

Succulent Karoo areas of biodiversity, occur within one country
(South Africa), and others, such as the West African Forests,

cross many country boundaries (Table 2.2).

Table 2.2: Mountains in different biodiversity regions

Loma Mountains

Pico de Sdo Tomé

Fouta Djallon Highlands

Biodiversity region Mountains Country
Mediterranean Basin Rif Morocco
Atlas Morocco
Algeria
Tunisia
West African Forests Cameroon Volcanic Line Cameroon
Chappal Waddi Nigeria

Sierra Leone

Sao Tomé
and Prinicipe

Guinea

Mount Nimba Céte d'lvoire
Liberia
Sierra Leone
Succulent Karoo Cape Ranges South Africa
(Southern Karoo
sub-region)
Cape Floristic Cape Ranges South Africa
Table Mountain
Madagascar and the Maromokotro Madagascar
Indian Ocean Islands Karthala Comoe
Eastern Afromontane Virunga DRC
Rwenzori Rwanda
Mitumba Uganda
Aberdare Kenya
Kilimanjaro United Republic
Eastern Arc of Tanzania
Ethiopian Highlands Ethiopia
Nyangani Zimbabwe
Maputaland- Lebombo South Africa
Pondoland-Albany Amatola
Coastal Forests of - -
Eastern Africa
Horn of Africa Cal Madow Somalia

Source: CI, 2014; Myers, Mittermeier, Mittermeier, da Fonseca & Kent, 2000

Box 2.2: Biodiversity regions in areas with
elevation > 1 500 m a.s.l.

Mediterranean Basin: Typically associated with Europe,
this region also covers parts of northern Africa. Previously
dominated by forests, this region is now mostly hard-leafed or
matorral shrublands. There are 11 700 endemic plant species.

West African Forests: These forests are home to more than 25
per cent of Africa’s mammals and has approximately 1 800
endemic plant species.

Succulent Karoo (Southern Karoo sub-region): About
69 per cent, or 2 439, of the plant species found in this
region are endemic. There are approximately 1 700 species
of leaf succulents.

Cape Floristic: Dominated by evergreen fire-dependent shrubs,
this region has the greatest concentration of non-tropical
higher plant species in the world. There are more than 6 000
endemic plant species.

Madagascar and the Indian Ocean Islands: The island
of Madagascar has more than 50 species of lemur and
approximately 11 600 endemic plant species. However, 15
lemur species have gone extinct since humans arrived on the
island.

Eastern Afromontane: This region, which transcends parts of
both eastern and central Africa, supports many freshwater lakes
that are home to more than 600 endemic fish species. There
are also more than 2 300 endemic plant species in this region.

Maputaland-Pondoland-Albany: This region has the most
number of tree species (nearly 600) of any temperate forest
in the world and is also home to about 80 per cent of South
Africa’s remaining forests.

Horn of Africa: The region is entirely arid, yet supports 2 750
endemic plant species and at least three threatened antelope:
the beira, the dibatag and the Speke’s gazelle.

Source: Cl, 2014

A lemur in Madagascar
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Agriculture

Africa’s mountainous areas are extremely important
for agricultural production and agriculture is
essential to livelihoods and food security in these
regions (see Chapter 5). Most of these elevated
areas are endowed with plentiful rainfall and

cooler temperatures. Mountain agriculture

includes cropping, animal husbandry, horticulture
and agroforestry. Common food crops grown in
mountain areas include maize, barley, wheat, rice and
cassava, and most is grown by subsistence farmers
(FAO, 2002). Small-scale mountain agriculture helps
to shape mountain landscapes and can provide
ecosystem services such as freshwater, disaster
risk-reduction, agro-biodiversity, recreation and
tourism (FAO, 2013b). Since agriculture makes a
significant contribution to the economies of most
African nations, these regions are also crucial to the
continent’s development. The data on agricultural
outputs in mountains is not easily available, however,
making it difficult to determine the actual proportion
they contribute to Africa’s total agricultural industry
(Bagoora, 2012b).

Many mountainous areas in Africa are some of
the continent’s most productive agricultural regions
because of favourable conditions related to location
and altitude. For example, in many places, rainfall

is more plentiful than in the surrounding lowlands

due to the proximity and orientation to rain-bearing
winds and the air-cooling property of mountains
that fosters rain formation. Fertile volcanic soils also
attract farming in some mountain areas. Volcanoes
such as Mount Kenya, Mount Elgon and Mount
Kilimanjaro have very fertile and productive soils,
are densely populated and support highly intense
agricultural practices based both on cash crops such
as coffee and tea (see page 65) and subsistence
farming of food crops mainly for domestic

consumption (Bagoora, 2012b).

Conservation practices such as agroforestry and
zero grazing are increasingly being used in Africa’s
mountains to make crop growing and livestock
rearing more sustainable by preventing serious
soil erosion and the conversion of forests to crops,
among other negative impacts of mountain farming
(Bagoora, 2012b). Family farming can also contribute
to sound food security and could be the backbone
for sustainable mountain development if proper
practices are implemented (FAO, 2013b).

Two important cash crops, coffee and tea, are
described in the following pages. In the regional
profiles, other crops specific to small- and large-scale
farmers of different mountainous African countries

are identified.
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Coffee

The Coffea plant is endemic to Africa with two
main species commercially grown: Arabica
(Coffea arabica) and Robusta ( Coffea robusta).

C. arabica originated in the highlands formerly

known as Kaffa in southern Ethiopia (Hindorf
& Omondi, 2011). The global “Coffee Belt” extends
across mountainous regions from 30°N to 30°S where
rainfall, temperature and sun exposure are ideal for
growing coffee (Hitimana, Mugiraneza, & Murasira, 2012).
Africa’s eastern highlands are one of the few places in the

world with conditions conducive to producing premium coffee. At these altitudes,
rainfall is adequate (1 500 mm to 1 600 mm) and temperatures remain relatively
cool, ranging from 18°C to 22°C (Illy & Viani, 1995). Crop seasons, which vary from
country to country (Table 2.3), are defined by these conditions. Africa accounts for

about 12 per cent of world coffee production (ITC, 2011).

Coftee trees produce bright red cherries that are harvested and dried to
extract the aromatic beans (IFAD, 2005). After harvesting and refining, the beans
are tested for quality and sold on the global market. C. arabica makes up 70 per cent
of commercial coffee production and is grown at elevations ranging from 550 m in
Zimbabwe to 1 800 m in Kenya, Ethiopia and Rwanda (Illy & Viani, 1995; Senbeta &
Denich, 2006). Figure 2.5 shows all the coffee-growing countries in Africa. Some of
the last remaining Afromontane rain forests in Ethiopia support wild coffee plants,
some of which still grow in the Bale Mountains National Park (Senbeta & Denich,
2006). C. robusta is grown at much lower elevations, from sea level to almost 1 000 m
(Illy & Viani, 1995) and is tolerant of warmer conditions (Mitchell, 1988).

Ethiopia is the fifth top producer of coffee in the world (USDA-FAS, 2013)

and is Africa’s largest coffee producer, growing only Arabica and producing

Table 2.3: Coffee crop seasons

Country Coffee Type Crop Season
Angola R Apr/Mar
Burundi A Apr/Mar
Cameroon R/A Oct/Sep
Central African R Oct/Sep
Republic
Céte d’lvoire R Oct/Sep
DRC R/A Oct/Sep
Ethiopia A Oct/Sep
Gabon R Oct/Sep
Ghana R Oct/Sep
Guinea R Oct/Sep
Kenya A Oct/Sep
Liberia R Oct/Sep
Madagascar R Apr/Mar
Malawi A Apr/Mar
Rwanda A Apr/Mar
Sierra Leone R Oct/Sep
United Rep. of A/R Jul/Jun
Tanzania
Togo R Oct/Sep
Uganda R/A Oct/Sep
Zambia A Jul/Jun
Zimbabwe A Apr/Mar

Source: ICO, 2014
Key:
R = C. robusta
A = C. arabica

R/A = Mostly C. robusta, some C. arabica
A/R =Mostly C. arabica, some C. robusta

agrilifetoday [ Flickr / CC BY-NC-ND
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Figure 2.5: Coffee producing countries
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{
In Uganda, coffee accounts for 10 to COMOROS

30 per cent of foreign exchange earnings, and
smallholder farms at elevations above 1 400 m
on mountains such as Mount Elgon (at the
Kenyan border) and in the Rwenzori Mountains
(UCF, 2014), produce 90 per cent of the coffee
bringing in those earnings (Jassogne, Laderach,
& van Asten, 2013). Nearly 2 million people
work directly or indirectly in the coffee industry
in Uganda, and over 500 000 households in the
Mbale region depend solely on the income it
generates (UNDP, 2013). Other coffee producing

countries include Rwanda, Kenya and Cameroon.

Coffee type

- C. arabica only
- Mostly C. arabica

with only 700 ha initially in production; over time, | C. robusta only
however, it has declined to 200 ha (ROSA, 2012). In IS Mostly C. robusta

the United Republic of Tanzania, 30 to 35 per cent of 0 750 1 500
Kilometres

In South Africa, the industry has always been small

coffee is grown on the slopes of Mount Kilimanjaro,
with the main national auction market located in

Moshi (Sarris, Savastano, & Christiansen, 2006). Source: ICO, 2014; UNEP/DEWA
Note: no data for Cape Verde
Coffee grown in eastern Africa is primarily small scale. For

example, approximately 70 per cent of coffee farmers in the coffee grows wild among the montane rain forests and local

Kilimanjaro region are smallholder farmers (Sarris, Savastano, & communities manage the forests for coffee production (Senbeta

Christiansen, 2006) and 90 per cent of coffee grown in Uganda & Denich, 2006). Although most is small scale, some commercial

is done so on farms ranging from 0.5 to 2.5 ha in size (UCDA, coffee plantations do exist (Newmark, 2002), as do public and

2012). In other places, such as the Ethiopian Highlands, private plantations (Sarris, Savastano, & Christiansen, 2006).



Box 2.3: Using Geographic Information Systems (GIS) to find
the best-tasting coffee in Rwanda

With over 500 000 farmers growing coffee in Rwanda, and an
average family size of seven, growing good quality and tasty coffee
is essential for them to make a living. By increasing their coffee’s
quality, farmers can charge a higher price. To help Rwandan
coffee farmers increase their incomes and better their livelihoods,
agronomist Tim Schilling and GIS professional and geographer
Dr. Michelle Adesir-Schilling combined their talents with those
of local farmers, statisticians and other scientists to discover the
best-tasting coffee in Rwanda.

The opening of a central coffee-washing station in 2002
in Maraba sector was the first step to unveiling high-quality
coffee because it is washed, revealing the best coffee cherries.
By selling these best beans, Rwanda was introduced into the
worldwide market for speciality coffee, enabling their beans to
reach as far away as England and the United States and farmers
to charge twice the normal price for coffee. At this time, GIS was
an emerging technology in Rwanda and with the aid of a team of
agronomists, technicians and farmers, more locations for coffee-

washing stations could be identified. Factors such as proximity to
roads, water, national parks and large coffee growing areas were
considered. As more coffee stations were being built, the Rwandan
coffee market expanded to Japan. As of 2011, 200 coffee-washing

Box 2.3 is an example of how small-scale farmers in Rwanda
worked with geographers to bring better-tasting coffee to the

international market and were able to increase family incomes.

Historically, traditional growers planted coffee in the shade
of other existing trees. By keeping the forest intact, this method
improves soil fertility, promotes biodiversity and can decrease
erosion and deforestation compared to large-scale coffee
plantations (Takahasi & Todo, 2013). Additionally, the forest-like
plots can increase bird habitat, sequester carbon, control pests

and improve pollination (Rice, 2010).

Before the 1990s, harvesting and selling coffee was a good
source of revenue for smallholder farmers, but between 1999
and 2004, the International Coffee Organization (ICo) reported
that coffee’s international market value dropped dramatically
from US$2.65/kg to between US$0.99 and 1.65/kg (Bacon,
2005) due to oversupply (Rice, 2003). The price began to
increase again to a 34-year high in early 2011, reaching more
than US$6,/kg (ICO, 2012; Global Post, 2011). This increase

stations had been built with 50 per cent of the country’s coffee
production processed through those stations.

Construction of coffee-washing stations led to increased
collaboration between international coffee experts and the
Rwandan coffee farmers to enhance the coffee’s taste and increase
its sale price. The GIS technologies were used again to define the
best places in which to grow coffee. The researchers considered
variables such as temperature, precipitation, altitude, soil pH
and the service area of existing coffee-washing stations. The GIS
analysis also included coffee-specific variables, such as taste,
flavour, aroma and finish. As the data were amassed, recorded
and analyzed, specific flavours and tastes associated with different
growing regions became more apparent; the team was able to
literally map the taste of Rwandan coffee.

Over the past 10 years or so, this project has led to improved
farmer incomes and livelihoods: the average annual household
income of a farming family rose from US$500 in 2000 to
US$3 000 by 2010. Another outcome was the establishment of
the Global Coffee Quality Research Initiative in the United States.
Its aim to improve the quality of coffees worldwide and increase
sustainable yields is ultimately bringing Rwanda’s practices to
other coffee-producing countries.

Sources: Compiled from ESRI, 2011a; ESRI, 2011b; Akinyemi, 2008

! Colleen Taugher / Flickr / CC BY
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prompted farmers to switch from traditional shade-grown

coffee to more productive “sun coffee” practices to compete

in the demanding market. Sun-coffee estates can have major
environmental impacts on the surrounding ecosystem, such as
erosion and chemical runoff (Perfecto, Rice, Greenberg, & Van
der Voort, 1996). Some studies have shown that the transition
from shade-grown to sun-grown drives deforestation rates higher
in mountain regions (Getahun, Van Rompaey, Van Turnhout, &
Poesen, 2013).

More recently, coffee has also been grown in mixed farming
systems such as agroforestry where individual trees are used
to shade patches of coffee plants within a field of crops such
as corn, and intercropping where coffee is grown along with
bananas or beans (UCDA, 2012). These farming approaches,
however, still convert primary forests to create the mixed
systems (Gove, Hylander, Nemomisa, & Shimelis, 2008), but
they can help ensure food security as well as provide a cash crop
(UCDA, 2012).
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Though shade-grown coffee certification is an effective way
to ensure farmers will focus on sustainable coffee growing rather
than industrial processes, scientists still debate whether such
certification can motivate farmers to convert existing primary
forests into shade-coffee forests (Rappole, King, & Rivera, 2003).
Although shade-forest ecosystems are important for maintaining
forest cover and help promote biodiversity, creating them is
not the same as leaving the native forest untouched (Tejeda-
Cruz, Silva-Rivera, Barton, & Sutherland, 2010; Tscharntke, et
al., 2011); forest cover can still be lost to plant coffee and can
impact floristic composition, species diversity and wild coffee
populations (Senbeta & Denich, 2006). Nonetheless, shade-
grown coffee incentives can reduce the amount of forest that
would otherwise be cleared to establish industrial plantations or
facilitate extractive timber practices (Takahasi & Todo, 2013).

In areas like Mount Cameroon, where cash crops make up a

Figure 2.6: Climate change effects on coffee growing
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large part of the economy and forest dwellers are completely
dependent on forest resources, these incentives can be very
important in promoting environmental conservation while
also supporting the economic livelihoods of local people
(CREE, 2014).

Climate change has had an effect on Africa’s coffee growing
regions and is an especially important factor in Uganda’s coffee
producing mountains. Kok, Mount Elgon’s major production
zone, has seen changes in temperatures and rainfall, which can
affect the bean quality, and prices have decreased in recent years
(UNDP, 2013). Rising temperatures could cause coffee growing
zones to migrate to higher elevations (Figure 2.6), creating
competition with other crop growing areas or natural forest
reserves and possibly pushing farmers to switch to other crops
entirely (Jassogne, Liderach, & van Asten, 2013).

Mountain forest

- 2300m

Robusta 1400 m

1000 m

sea level

Source: Adapted from Jassogne, Laderach, & van Asten, 2013; UNEP/DEWA



Tea farmer in the’Mount'Kenya region

Tea Table 2.4: Elevation ranges of tea plantations
Tea, the second-most consumed beverage in the world next to water, is also grown Country Elevation range

on African mountains because of ideal conditions (Tea USA, 2013). As with coffee, (ma.s.lL)

tea growth is optimal in favourable mountain conditions with high annual rainfall, Kenya 1500-2700

a mild climate and high soil fertility (UNEP, 2012a). Higher elevations are also ATENCE] | 200220

preferable and elevation ranges vary depending on the growing country (Table 2.4). Malawi 600-1300

Tea is most efficiently grown on large plantations, but in Africa, smallholder farmers Zimbabie 600-1100

are also common (Fernando, 2011). For example, Kenya has more than 500 000 e CEAD, 2005, TRFCA, 2013

registered smallholder tea farmers with the Kenya Tea Development Agency (KTDA)
(TBK, 2012). The larger tea plantations extend across vast areas of land, which have
generally been converted from forest (Newmark, 2002). Tea is also often grown
along with other crops, as in the Nyungwe Forest National Park in Rwanda where
tea plantations are integrated with eucalyptus and pinewood, creating a buffer zone

protecting subsistence agriculture and wetlands (UNEP, 2012a).

Tea production and processing are highly energy intensive, causing pollution
and emitting greenhouse gases (UNEP, 2012a). A FAO “cradle-to-grave” life-cycle
assessment (FAO, 2012b) showed that the carbon footprint (the amount of carbon

emitted from an activity or organization) of tea production in Kenya amounted to

12 kilograms of CO, equivalent for every kilogram (kg CO, eq/kg) of dry tea. Tea
production accounts for 20 per cent of the total carbon footprint of the entire chain
from tea production to consumption (FAO, 2012b). In terms of energy use, it is
instructive to compare tea to another industry. For example, it takes 6.3 kilowatt-
hours (kWh) to produce 1 kg of steel while the energy to produce tea from drying
to packing can range from 4 to 18 kWh/kg of finished tea (AIT, 2002). The amount

of energy used depends on the type of fuel: thermal energy, firewood, natural gas, Table 2.5: Top ten tea producers in 2012
electricity or diesel. In some regions like Kenya, deforestation has occurred because Country Tea Production
firewood logged from natural forests is burned to dry the tea leaves, the most energy- (tonnes)
intensive phase of the supply chain (AIT, 2002; Clay, 2004). China 1714902
The world market price for black tea is low, yet the difference between producer India 1000000
. . .o . . . .. Kenya 369 400
prices and consumer prices is high, creating an inequality for farmers working in the mrry— 330000
tea industry in African mountains (ROSA, 2011). A few elite international companies Tn kan 2 525 000
urke
have a monopoly over tea trade and distribution so the consumer price of their ) Y
. . . . Viet Nam 216 900
teas is relatively stab<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>