"“Eye” Mauritania

Also known as the Richat Structure, this prominent geographic feature  through time, has been eroded by wind and windblown sand. At 50

in Mauritania’s Sahara Desert was first thought to be the result of a km wide, the Richat Structure can be seen from space by astronauts

meteorite impact because of its circular, crater-like pattern. However, because it stands out so dramatically in the otherwise barren expanse
Mauritania’s “Eye” is actually a dome of layered sedimentary rock that, of desert.
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Across Country Borders

Politically, the African continent is divided into 53 countries

and one “non-self-governing territory.” Ecologically,

Harare,
®

Antananarivo, Port Louis

Africa is home to eight major biomes— large and distinct . °
. . g . . . o
biotic communities— whose characteristic assemblages Al MAURITIUS
¢ i
. . _.Windhoek OTS! A - 4
of flora and fauna are in many cases transboundary in - sorsiAN f/‘\'"\
L Gaborone,
nature, in that they cross political borders. Most of the f ool |
e
. 0 . . a q Mm@‘ SWAZILAND
continent’s major rivers and many of its large bodies of 4 .
- -
water are also transboundary features of the landscape. Nars M“? LESOTHO Political Map of Africa
. . . N . SOUTH AFRICA Elr .
For example, nine countries lie within the Congo River : i Ceeileity
River
basin and ten countries share the Nile River Basin (FAO
2000 - Lake

[a)
1997). The transboundary nature of these and many other 663 Ntonal z

a
ecosystems, together with the natural resources they 600 Boundary =
contain, is the source of diverse environmental issues and 30 625 1250

| ilometr¢

presents unique management challenges throughout

Africa and, in some cases, beyond the continent itself.
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Given that transboundary environmental issues involve more
than one nation, they are often addressed using varying political
and management approaches that employ different laws and
regulations (Gauthier and others 2003). The sustainable use of
natural resources such as those derived from forest ecosystems
and the monitoring, management, and conservation of flora and
fauna shared by various countries, are problems of major concern
in Africa. Efforts have been made to introduce management
mechanisms that involve some international cooperation,
especially in regard to transboundary waterways. But there are
inadequacies in such mechanisms when it comes to dealing with
many of Africa’s other shared resources, such as forest belts and
protected areas.

Environmental problems and the impact they have on people
and their livelihoods are often similar among neighbouring

it i

ot

- W

countries. In many cases, regional approaches to these problems
are advantageous. In some cases, cooperation across country
borders is essential to solve specific problems. Examples of
problems where a cooperative regional approach is vital and

can benefit all parties include: the protection of crucial habitats
shared by two or more countries; the protection and management
of water resources that lie or flow across borders; and the
integrated management of invasive, non-native species.

This chapter presents examples of four transboundary issues of
importance to Africa:

1. Transboundary ecosystems and protected areas;
2. Transboundary water resources;

3. Transboundary movement of people; and

4. Transboundary movement of pollutants.

Christian Lambrechts/U
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Transboundary Ecosystems

The Congo Basin Forests

After the Amazonian forests of South America,
the forests of Africa’s Congo Basin constitute
the second largest area of dense tropical

rain forest in the world. Congo Basin forests
form a transboundary ecosystem shared by
Cameroon, Central African Republic, Republic
of Congo, Equatorial Guinea, Gabon, and
Democratic Republic of the Congo. This
immense, biologically diverse ecosystem
ranges from the Gulf of Guinea in the west

to the mountains of the Albertine Rift near
the eastern border of Democratic Republic of
the Congo and spans about seven degrees of
latitude on either side of the equator. Congo
Basin forests constitute over 80 per cent of

M Intact Forest (>500k
M Intact Forest (<500km?
] water

the total area of the Guinea-Congo forest A

0 100 200

structure and include the Afromontane forests

-

B

in western Cameroon and eastern Democratic
Republic of the Congo (CARPE 2006). Table 2.1 compares forest
area in each of the six countries that share the Congo Basin
forests transboundary ecosystem.

The dense rain forests of the Congo Basin were once among
the most pristine on Earth. However, the relatively recent
expansion of industrial logging and the networks of roads that
accompany it are now threatening the future of this important
and unique ecosystem.

About 60 per cent of the total forest area in the Congo Basin
is considered to be industrially exploitable. The area allocated
to logging has increased significantly in the last few years. In
2004, for example, the area allocated to logging throughout the
Congo Basin forest ecosystem was 494 000 km2 (CARPE 2006).
By contrast, in 2007, more than 600 000 km? were under logging
concessions (Laporte and others 2007).

Important impacts of logging in this transboundary ecosystem
include alteration of ecosystem composition and biodiversity, the
opening up of remote areas to poaching, and the modification of
many other functional ecosystem attributes (Laporte and
others 2007).

In addition to industrial timber harvesting, other activities or

events are negatively impacting the Congo Basin forest ecosystem.

These include the production of palm oil, immigration,
population growth, commercial hunting, growing access to
distant markets, and road construction. Together with logging,
these activities have overwhelmed traditional systems of natural
resource management (CARPE 2006).

Furthermore, the construction of railways and road networks
for the extraction and removal of natural resources has strongly
influenced the distribution of human populations within and
around the Congo Basin forests. In many places, intensive
permanent agriculture has replaced the forest ecosystem.

Vast expanse of jungle, Democratic Republic of the Congo

Location of the Congo Basin forests

Although some vast, still-intact forest areas with no roads or
navigable watercourses do remain in the Congo Basin, the
pressure of human encroachment is increasing. The construction
of villages along roads, for instance, creates rings, or halos of
human impact in the forest. When these individual settlements
converge, they form long strips of deforestation and degradation
and result in fragmentation of remaining forested areas. The
pattern in eastern Democratic Republic of the Congo is somewhat
different. There, highland populations do not live in villages, but
are more or less dispersed throughout the countryside where they
practice intensive agriculture marked by short fallow periods. This
lifestyle has created a pattern of high population density with local
areas of overpopulation (CARPE 2006).

As various pressures on the forests of the Congo Basin
increase, so does the need for appropriate management of this
unique ecosystem. The transboundary nature of this ecosystem
calls for a multinational approach for the conservation and
sustainable use of its resources.

Table 2.1 - Forest area, by country, in the Congo Basin forest
transboundary ecosystem
Country Forest Status in 2005
(FAO) (1 000 hectare)
Cameroon 21 245
Central African Republic 22 755
Republic of Congo 22 471
Equatorial Guinea 1632
Gabon 21775
Democratic Republic of the Congo 133610
Total 223 488
Source: FAO 2005, CARPE 2006
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Nyungwe Forest, Rwanda

Jon and Melanie Kots/Flickr.com

Transboundary Protected Areas

Nyungwe Forest in Rwanda A
_ ) contains 980 km? of tropical |4y -
In total, Africa contains 3 044 protected areas (UNEP-WCMC montane forest, and is I 5 %
2007), including 198 Marine Protected Areas, 50 Biosphere contiguous with the Kibira ;é
Reserves, and 80 Wetlands of International Importance. For the National Park in Burundi. B L
purpose of this Atlas, the term transboundary protected areas Combined, these two Ty e
describes protected areas shared by two or more countries, protected areas form the |

. . . largest block of forest in East
irrespective of the nature of collaboration. g

Africa. It lies at an altitude
The African continent is home to some of the richest and most between 1500 and 2 300 m.

biologically diverse habitats in the world. Africa’s amazing animal

populations are truly among the wonders of the world and from an

ecological standpoint, endow the continent with special distinction. s
Yet these enormously rich natural resources are in jeopardy due

to habitat destruction, poaching, burgeoning rural populations, T
urbanisation, and changes in land use. Thus, protected areas are
extremely important for the safe-guarding and preservation of
Africa’s wildlife and the biodiversity of its ecosystems.

DEMOCRATIC REPUBLIC
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[] Other Protected Areas
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Migratory birds and other migratory animals are a significant
component of transboundary environmental resources. The

The importance of transboundary protected areas is especially destruction or degradation of one or more of the ecosystems along
obvious for migratory species. For example, thousands of bird a migration route can threaten the survival of migrating species.
species migrate across Africa performing a north-south, often The map below illustrates global migratory bird routes and shows
cross-equatorial, seasonal migration between northern subtropical  that Africa has the highest concentration of such routes. Where
breeding grounds and southern homes. Thus, distinct and separate  ecosystems along migration routes are formally protected, Africa’s
ecosystems can be linked by the migratory species that travel back

migratory birds have the greatest chance for survival.
and forth between them (UNEP 2006b).
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Maasai Mara - Serengeti Protected Areas in East Africa

Kenya’s Maasai Mara Game Reserve and United Republic

of Tanzania’s Serengeti National Park are two neighboring
transboundary protected areas endowed with diverse fauna and
flora, including vast herds of seasonally migrating wildebeest
(Connochaetes taurinus). As the seasons progress in this East
African savannah ecosystem, thousands of wildebeest, as well as
other herbivores such as zebras (Equus burchelli), progressively
migrate to greener pastures throughout the ecosystem. Predators
follow the wildebeest migration closely, as the herds make their
way into different territories. Timing of the wildebeest migration
is linked to rainfall and other seasonal changes and is therefore
slightly different from year to year (Douglas and others 2004).
Generally, calving takes place in the eastern Serengeti between
January and mid-March; by June the herds begin heading toward
the western Serengeti and ultimately northward, toward Maasai
Mara (Go2Africa 2003).

In January 2006, widespread drought in East Africa due to
the late arrival of seasonal rains severely affected wildlife in
the Serengeti and Maasai Mara protected areas. The drought
partially disrupted the migration of more than 1.5 million
wildebeest, zebras, and other herbivores from Maasai Mara to
Serengeti (Ngowi 2006). In the pair of satellite images below,
the contrast between the relatively lush vegetation of January
2005 and the barren, parched landscape of January 2006 reveals
the intensity and extent of the drought. Lake Eyasi and Lake
Manyara, visible in the lower right-hand corner of each image,
were almost completely dry in 2006. The East African drought
of 2006 underscored the need for cooperative natural resource
management strategies between countries sharing transboundary-
protected areas, which are home to migratory species.
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Every year, herds of wildebeest, zebra, and other herbivores migrate in a
clockwise fashion along a migratory route between the Serengeti National Park
in United Republic of Tanzania and the Maasai Mara Game Reserve in Kenya.

A pair of images comparing green vegetation in 2005 to the parched, brown
landscape in 2006 (NASA 2006a)

UnitedlReptblic
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W-Arly-Pendjari Parks Complex Map of the study area

The W-Arly-Pendjari (WAP) Parks Complex straddles the countries
of Benin, Burkina Faso, and Niger, and is one of the largest
contiguous protected areas in Africa. The “W” portion of the
Complex’s name comes from the angular “W” path followed by the
Niger River as it flows through the northern foothills of Benin’s
Atakora Mountains. The WAP Parks Complex is a mix of terrestrial,
semi-aquatic, and aquatic ecosystems and home to more than half
of West Africa’s elephant population. Furthermore, WAP is the BURKINA FASO [? W

only natural refuge remaining for most of the vulnerable and/or P “‘(Burkina Faso) W (Benin)

AFRICA

threatened animal species in Benin, Burkina Faso, and Niger. pa Nelect Kourtiagou J —
[ ~, Singou / T 2 /
Land cover changes around the W-Arly-Pendjari Complex ) /(' ’ 9 3 - l\\ //DJO”a
Areas surrounding parts of the WAP Complex are undergoing \‘ b ”1 / /‘/Arly Ay »\ J« - \? /
significant land-use and land-cover change. One of the most RS Pendjari -
striking examples of change is in northern Benin, where the N 9 National Park Atakora;
growth of the so-called “cotton belt” has markedly altered the N 7
natural vegetation over the last 20 years. During this time, adb 4 : [ Partial Reserve
N\ Pendjari / .
protected lands of the Complex have become almost completely X ” ? gj:ﬁrsjlsfg:dary =
N\ / — Park/Reserve Boundary g
Table 2.2 - Land use/ land cover changes in the areas surrounding ) e z
the parks (1975-2002)
1975 2002 Increases surrounded by agricultural lands, reducing biodiversity and
(km?) (km?) (%) increasing potential contact between humans and wildlife. As the
Agriculture - Intensive 2813 4997 78 availability of natural resources in non-protected areas dwindles,
Agriculture - Mosaic 3600 5 644 57 the protected areas, as Fhe sole rgmai_ning repositories of fue_lwood,
YR G 3281 4264 30 forage, and bush _meaF in the region, |r_1creasmgly are becoming
a focus for poaching, illegal cattle grazing, and other human
SN 0T A ) activities that impact the sustainability of this part of the WAP
Source: Eva and others 2006 Complex (Eva and others 2006).
Map of the study area
A
AFRICA ZIMBABWE
| o 1 | | f
| T:_bra and wilde
LA e
The Great Limpopo Transfrontier Park SOUTH AFRICA e MOZAMBIQUE
The Great Limpopo Transfrontier Park (GLTP) is Africa’s largest T¥ é -
transboundary protected area. The GLTP is formed by South Ntional ark
Africa’s Kruger National Park, Mozambique’s Limpopo National @@&ﬂ:&g o ‘-
Park, and Zimbabwe’s Gonarezhou National Park and is jointly :
managed by all three countries (AWF 2003). The GLTP covers &. =
35 000 km? and is centred on the point where its three ) . oy sy
components meet along the Limpopo River. . j” " B S 8
Geographically, the main landscapes in the GLTP are: a o ;37 L s
lowland plains savannah ecosystem with a somewhat hilly granite - /
plateau in the western portions; the Lebombo Mountains that rise - Ocean

to an average of only 500 m above sea level and follow the border ; I < wildlif lati
between South Africa and Zimbabwe; and floodplains along the SEENEEE (b5 BResie 2000, ©LTES sl el g gulsagorr

Save, Changane, Limpopo, Olifants, Shingwedzi, and Komati includes at least 147 mammal species, 116 reptile species, 49
Rivers (SANParks 2007) species of fish, 34 frog species, and an extraordinary 500 or more

species of birds. In addition, at least 2 000 plant species have been
identified (SANParks 2007). The GLTP is an example of a recent
success in establishing transboundary conservation and peace
parks, and is characterized by a diverse array of natural resource
management approaches (Rogers 2005).

The GLTP brings together some of the best and most
established protected areas for wildlife in southern Africa. It
is home to important populations of endangered elephants,
black rhinoceroses, and wild dogs, as well as vulnerable species
such as lions, leopards, giraffes, buffaloes, and numerous types
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camoes National Park, Rwan

Mountain Gorilla Conservation in the
Virunga Heartland

The Virunga Heartland in the central Albertine Rift region of
east-central Africa spans the borders of Democratic Republic of
the Congo, Rwanda, and Uganda. It includes the World Heritage
site of Virunga National Park (Africa’s oldest National Park)
and supports lush Afromontane forests. Here, volcanic highland
mountains shelter the last of the world’s mountain gorillas
(Gorilla beringei beringei). Chimpanzees, golden monkeys, forest
elephants, and a rich variety of birds, reptiles, and amphibians
also share this incredibly biodiverse ecosystem. Because Virunga
Heartland encompasses parts of three countries, transboundary
natural resource management is critical to maintaining landscape
integrity. However, joint management efforts have suffered since
1990 due to war and political unrest in the region.

Historically, poaching, the spread of disease, and habitat
loss from population pressures and civil unrest have threatened
mountain gorillas in Virunga’s forests. However, due to anti-
poaching efforts and a unique gorilla-based ecotourism scheme,
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Gazelle, kob, and tiang* _ -~ = -
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Southern Sudan: A Survival Surprise

Southern Sudan covers an area of 582 759 km? and sits between
the Sahara Desert and Africa’s belt of tropical forests. Wildlife
biologists have long recognized that grasslands, woodlands, and
swamps in southern Sudan are home to elephants, zebras, giraffes,
and other animals.

Before the civil war (1983-2005), a 1982 survey showed
an estimated 900 000 white-eared kob (Kobus kob)—a kind of
antelope—migrating to southern Sudan from bordering areas.
Recently, the first aerial survey of southern Sudan in 25 years
revealed that vast migrating herds have managed to survive over
20 years of civil war. In this new survey, biologists estimated 1.3
million kob, tiang, and gazelle in their research area, a number
that may even surpass the Serengeti’s herds of wildebeest, long
considered to be the world’s biggest migration of mammals.
Estimates include 250 000 Mongalla gazelle, 160 000 tiang,
13 000 reedbuck, 8 900 buffalo, and 2 800 ostrich. Other animals
such as elephants, ostriches, lions, leopards, hippos, and buffalo
are also thriving in parts of southern Sudan. In addition several
East African oryx (Oryx beisa), a species thought to be extinct in

Map of the study area
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the Virunga gorilla population increased by 17 per cent between
1988 and 2003. Together with the 320 gorillas living in the Bwindi
Impenetrable National Park in Uganda, the total number of
mountain gorillas is now approximately 700.

Nevertheless, despite reasons for optimism, death and
extinction are constant threats to the mountain gorillas. In 2007,
seven mountain gorillas were killed; four of these deaths occurred
in the Virunga region. The continued slaughter of these critically
endangered primates demonstrates the challenges faced by
gorilla preservation programmes and the urgent need to improve
transboundary park management in this region of Africa.

Sources: McCrummen 2007, MSNBC 2007, WWF 2007
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this region, were seen here. On the other hand, some species

in southern Sudan are faring badly. For example, the recent
survey revealed no zebras in Boma National Park and only a few
elsewhere in the region, compared to the estimated 20 000 in
Boma tallied during the 1982 survey.

Source: WCS 2007, Pilkington 2007, Mongabay 2007
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Transboundary River Basins i

Worldwide, there are 263 transboundary

river basins, which can be defined as river

basins shared by two or more riparian states.
Approximately 60 per cent of the world’s
population depends on these international water
systems (UNU 2006). Transboundary river basins
are also important because of the complex natural
ecosystems they support. But the potential increase
in conflicts over shared water resources and the
effects of climate change represent significant social, =
economic, and environmental threats. In addition,

there is a growing danger to human health from

31

33

inadequate or unsafe water supplies(UNEP 2006a). 4
Africa’s 59 international transboundary river basins

cover about 64 per cent of the continent’s land area and

contain 93 per cent of its total surface water resources. They

are also home to some 77 per cent of the African population.
The Nile River Basin is the most densely populated river basin

in all of Africa. Fifteen principal lakes and 24 main watersheds
also cross the political boundaries of two or more countries in
Africa (UNEP 2006b). The catchment areas of the 17 largest
river and lake basins on the continent exceed 100 000 km? in size
(UNU 2006). Africa also has 38 transboundary aquifer systems,
about which little is known.

Most Africans live in rural areas and are still heavily dependent
on agriculture for their livelihoods, making water a vital economic
and social commodity. Along with a growing population, the
extreme variability of rainfall on Africa’s landscapes—from arid

1. Atui 31. Chiloango

2. Senegal 32.Congo

3. Gambia 33.Kunene
4.Geba 34, Cuvelai/Etosha
5. Corubal 35. Okavango

6. Great Scarcies 36.Orange
7. Little Scarcies 37.Limpompo
8.Moa 38. Maputo

9. Mana-Morro 39. Umbeluzi
10. Loffa 40. Incomati
11. St. Paul 41. Sabi
12.St. John 42.Buzi
13. Cestos 43. Zambezi
14. Cavally 44, Ruvuma
15. Sassandra 45. Umba
16. Komoe 46. lake Natron
17.Bia 47. Juba-Shibeli
18.Tano 48. Lake Turkana
19.Volta 49. Lotagipi Swamp
20. Mono 50. Nile
21.Oueme 51. Awash
22. Niger 52.Gash
23. Cross 53. Baraka
24. Lake Chad 54. Medjerda
25. Akpa 55.Tafna
26. Benito-Ntem 56. Oued Bon Naima
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northern and southern regions to the continent’s belt of tropical
forests—poses many challenges to providing safe drinking

water and sanitation for millions of people. Consequently,
transboundary water resource management requires an enabling
environment that encourages cooperation on numerous fronts.
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Lake Victoria: Africa’s Largest Freshwater Lake
Lake Victoria is Africa’s largest, and the world’s second-largest,

freshwater lake. It has a total catchment of about 250 000 km?, of
which 68 870 kmz? is the actual lake surface (URT 2001). Located

in the upper reaches of the Nile River Basin in East Africa, the

waters of Lake Victoria are shared by Kenya, Uganda, and United

Republic of Tanzania. Lake Victoria faces myriad environmental

problems, including invasive species, water quality, and fluctuating

water levels.

In the 105-year history of accurate water-level measurements
on Lake Victoria (measured at Jinja, Uganda), levels have
fluctuated widely. In 1961 and 1962, for example, heavy rains
drove water levels up by an astounding two metres. Since then,
levels have been generally declining over time. In December

Historical water level elevations of Lake Victoria
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2005, water levels dropped to an all-time low of 10.89 m (NASA
2006a), a figure confirmed by satellite measurements of the lake’s

elevation. In the past few years, water levels have increased slightly.

Height variations in Lake Victoria
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High population growth around Lake Victoria

Uganda Uganda

Kenya

Tanzania Tanzania

A -"" 1960

In a 100-km radius around Lake Victoria,
population is increasing at a higher rate than
the continental average. At the same time, there
has been a long-term decline in the Lake’s water
levels (UNEP 2006b). This pattern of increasing
population and decreasing water resources is

a source of concern for East African countries
bordering Lake Victoria, as well as those in the
Nile River Basin.
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Images showing increased siltation and suspended sediments

Lake Victoria’s Winam Gulf Map of the study area
Winam Gulf is a large arm of Lake Victoria that extends east into
Kenya. The Gulf is roughly 100 km from east to west and 50 km oVibale

from north to south, with a shoreline measuring about 550 km.
The Gulf is relatively shallow, with a recorded average depth of six
metres (Osumo 2001).

Like Lake Victoria of which it is part, Winam Gulf faces
numerous environmental challenges. These include, but are g

UGANDA

not limited to, siltation, sedimentation, toxic contamination,
and eutrophication. The underlying force of change is explosive
population growth in the lake’s basin, along with associated FTTTTTTT
farming practices and urbanisation. Four major rivers—Sondu-
Miriu, Kibos, Nyando, and Kisat—discharge an average of

231 m? of water per second into the Gulf (Osumo 2001).
Untreated sewage and wastewater from surrounding towns and
organic and inorganic nutrients washed down from cultivated
areas flow first into these rivers, and then into the Gulf. In
addition, excessive soil erosion in parts of the lake’s catchment
has led to heavy siltation and sedimentation in certain areas,
especially in the Winam Gulf. The above images show increased
siltation and suspended sediments in the Winam Gulf waters
between 8 March 1986 (upper left) and 5 February 2001 (upper
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right). Highly affected areas appear in red while least affected gm OF TANZANIA E— Kilometres
Musoma 0 30 60
areas are blue.
When water hyacinth (Eichhornia crassipes) invaded Lake plant. Approximately one year later, however, unusually heavy
Victoria in the 1990s, Winam Gulf was one of the most severely rains flooded the rivers that flow into the Gulf, which in turn

affected regions. As much as 17 231 hectares of the Gulf’s surface  raised Gulf water levels and contributed nutrient-rich sediment
were covered by the plant. By 2000, however, the area invaded by ~ to the aquatic environment. As a result, water hyacinth quickly
water hyacinth had been reduced by control measures to about reinvaded the Gulf, as the 2006 satellite image (below

500 hectares. Five years later, as the December 2005 satellite image ~ right) shows.

(below left) shows, the Gulf appeared to be essentially free of the

Images showing water hyacinth choked bays
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Water Hyacinth in Lake Victoria, 1995-2001 municipal water, and created habitat for disease-causing

In the 1990s, Lake Victoria suffered an infestation of water mosquitoes and other insects. To address the problem, a Lake
hyacinth (yellow arrows), an introduced species that thrives on Victoria Environmental Management Project began in 1994. The
the nutrients running into the lake from increased fertilizer Project’s focus was to combat water hyacinth infestations on the
applications on adjacent agricultural lands. The plants disrupted Lake, particularly in the region bordered by Uganda, which was
transportation and fishing, clogged water intake pipes for one of the most severely affected areas.
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The 1995 satellite image shows water hyacinth infestations in water hyacinth were introduced as a control measure, with better
or near Murchison, Wazimenya, Gobero, and Buka bays (yellow results. By late 2001, essentially all of the floating weeds had
arrows). Initially, the plants were manually removed from the disappeared from the aforementioned locations.

Lake, but they quickly re-grew. Later, natural insect predators of
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Lake Chad: Africa’s Shrinking Lake

Located at the southern edge of the Sahara Desert, Lake Chad
is bordered by Nigeria, Niger, Chad, and Cameroon. The lake
was once the second-largest wetland in Africa, supporting a rich
diversity of endemic animals and plant life.

The Lake Chad drainage basin, a 2 500 000 km2 hydrologically
closed catchment, extends to eight countries: Algeria, Libyan
Arab Jamahiriya, Niger, Chad, Sudan, Central African Republic,
Cameroon, and Nigeria. It is home to over 20 million people
who derive direct or indirect livelihoods from the lake. Most of
the region’s rainfall occurs in the southern one-third of the Lake
Chad drainage basin, contributing about 90 per cent of the basin’s

Lake Chad drainage basin

LIBYAN ARAB JAMAHIRIYA

UNEP/GRID
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runoff. The northern two-thirds, however, are dominated by arid
conditions (Coe and Foley 2001).

Climate variability and increased water consumption by the
area’s inhabitants have changed the water balance within the Lake
Chad drainage basin, and continue to do so. Since the early 1960’s,
rainfall over the basin decreased significantly while irrigation
increased dramatically over the same period (Coe and Foley 2001).
The lake is especially susceptible to climatic variability as it is
rather shallow, with an average depth of 4.11 m (NASA 2001a). As
a result of decreased rainfall and increased water usage, the extent
of Lake Chad decreased by 95 per cent over roughly 35 years.
More recently, water levels in Lake Chad have increased slightly.
But the lake still remains a remnant of its former self.

Shrinking of Lake Chad

lmission Pending/Flickr.com
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Declining Water Levels in Lake Chad, 1972-2007

Lake Chad, located at the junction of Nigeria,
Niger, Chad, and Cameroon, was once the sixth-
largest lake in the world and the second-largest
wetland in Africa. The lake was highly productive,
and supported a great diversity of wildlife.
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Persistent droughts and increased agricultural
irrigation have reduced the lake’s extent in the
past 35 years to one-tenth of its former size.
Despite the lake’s large drainage basin, almost no
water flows in from the dry north. Ninety per cent
of the lake’s water flows in from the Chari River.
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With a flat and shallow lakebed, Lake Chad is very responsive to

changes

in rainfall. When rainfall decreases, water levels in the lake drop

rapidly. Diversion of water by human activities from the lake and from

the Chari River may be significant at times of low flow, but rainfall is still

the determining factor in water levels and the lake

s extent. As these
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satellite images from 1972, 1987, and 2007 show, the surface area of
the lake has declined dramatically over time. The 2007 image shows

significant improvement over previous years, but the extent of Lake
Chad is still far smaller than it was three to four decades ago.
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Aerial view of the Okavango'Delta

Okavango: The World’s Largest Inland Delta others 2003). The Delta’s flooding begins about mid-summer
The Okavango Delta (or Okavango Swamp), a globally renowned in the north and six months later in the south. Water entering
Ramsar Wetland Site, is the world’s largest inland delta. Angola, the Delta passes through the sand aquifers of numerous islands
Namibia, and Botswana share the Okavango River catchment area ~ @nd evaporates, leaving behind enormous quantities of salt. The
that feeds the Okavango Delta. Spanning approximately vegetation disappears in the centre of the islands and thick salt
15 000 km?, the Delta is a rich and varied freshwater habitat crusts form around their edges. Islands can disappear completely
for diverse flora and fauna. It is home to 2 000 to 3 000 plant during the times of peak flooding, and reappear at the end of
species, over 162 arachnid species, more than 20 species of the season as waters recede. Constantly changing water levels
large herbivores, over 450 bird species (Monna 1999), and have huge environmental and social implications since the Delta
approximately 70 species of fish (Kolding 1996). The area was once enjoys rich biodiversity and is a major source of livelihoods for

a part of Lake Makgadikgadi, an ancient lake that dried up some local communities. The map below shows the percentage of time

10 000 years ago. Today, the Okavango River has no outlet to the between 1985 and 2000 that areas of the delta were inundated.
sea. Instead, it flows out onto the sands of the Kalahari (Kgalagadi) ~Dark blue areas indicate permanently inundated regions while

Desert, watering 15 000 km? of that arid landscape. Each year some ~ l19hter blue to white areas represent less inundation time
11 km? of water reach and sustain the Okavango Delta. (McCarthy and others 2003). The Delta’s inundation has always

varied from year to year. A study by McCarthy and others (2003)
showed that the wetland area varied in extent from 2 450 km? to
11 400 km? between 1972 and 2000.

The inundated area of the Okavango Delta changes annually
and seasonally, depending on the regional precipitation over
the catchment area in the Angolan highlands (McCarthy and

Map of the catchment area of the Okavango Delta

ANGOLA

Okavango Delta
Catchment
(Sub-basins)
1. Cuanavale

2. Cuito

3. Longa

4. Cubango

5. Cuatir

6. Cueio

7. Cwebe ZAMBIA

8. Cuelei

9. Cuchi
10. Cacuchi
11. Cutato

NAMIBIA

McCarthy and others 2003

Some parts of Okavango Delta remain inundated year round even in
dry years, however, much of the delta is inundated only seasonally or in
wet years. This image shows the percentage of time various areas of the
delta were inundated between 1985 and 2000.
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Okavango Delta’s catchment area
56 ¢



’ ‘. = aw
&
= - > 'l o
L2 i
5
e =2
-
. ' .
L. L ™ r.
. (] .
.- . =
. 4
S —~
e
L ]
"s .
\ ,‘; M R, J
.* L) b - b,
w N
‘P [ \\
7 . Guinea
o . &l
i il - - N . A
Sierra - g e | Cote d’lvoire -
Leon . g ? - - i 7
24 Liberia e =
U L /
¢ _ e ;
< b A - > I >
g e v
|3 s &

Conflicts and Refugees

Political conflicts tragically destroy lives and livelihoods.
They also have adverse impacts on surrounding
environments and significant transboundary

implications. Wars can destroy croplands, forests,

waterways and their sources, and other natural resources,
while refugees searching for safe havens can burden
ecosystems and complicate environmental decision-making
(Vanasselt 2003). The United Nations High Commissioner
for Refugees (UNHCR) estimates that there were 2.4 million
refugees in Africa at the end of 2006 (UNHCR 2006a).

Environmental degradation can exacerbate conflict,
which causes further environmental degradation, creating a
vicious cycle of environmental decline, tense competition for
diminishing resources, increased hostility, inter-communal
fighting, and ultimately social and political breakdown.
Ecological warning signs related to conflict and its impacts
include limited habitable space, decrease in production of
goods, and a heavy human “footprint” (Wolf 2007).
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Major Refugee Camps in Africa

@ Refugee camps
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Changes to the landscape in and around the Dadaab Refugee Camp
between 1987 and 2000

Dadaab Refugee Camp

Ifo, Dagahaley, and Hagadera refugee camps are located in
Dadaab town in the North Eastern Province of Kenya, near the
border with Somalia. The camps date back to 1991 when civil
wars erupted on a large scale in Somalia. The conflicts, along
with prolonged drought, forced more than 400 000 people
from Somalia to flee to Kenya and another 500 000 to other
neighbouring countries.

The 1987 satellite image above shows a fairly intact landscape
dominated by shrub vegetation that is characteristic of the semi-
arid area. In the 2000 image, the Ifo, Dagahaley, and Hagadera
refugee camps stand out distinctly, revealing the presence and
impact of a high concentration of over 100 000 refugees on the
environment. Shrublands have been reduced largely to bare
spots with sparse and stunted shrubs and grasses while riverine
vegetation has also suffered loss and degradation.

In the refugee camps, most households have several buildings—sleeping
rooms, a kitchen, maybe a storage area—and lots of outside communal
space where families can cook, socialize, clean, do laundry and other
activities. It is not uncommon for families to keep goats, donkeys, or
chickens within the household area.
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The Parrot’s Beak Region

“Parrot’s Beak” is a small strip of land belonging to Guinea,
situated between Sierra Leone and Liberia. In the 1990s, civil
wars in Sierra Leone and Liberia forced hundreds of thousands
of people to seek the relative safety of Guinea. Many of these
refugees settled in the Parrot’s Beak region. The impact on

the region can be seen in the two satellite images below. In the
1974 image, prior to the influx of refugees, small flecks of light
green scattered throughout the deep-green forest of the Parrot’s
Beak region represent compounds of villages surrounded by

Refuffée Occupation
‘Area

Courtney/Flickr.com

agricultural plots. Contrast this with the light green colour of the
2002 image. This is the result of deforestation where refugees
have settled. Many of the refugees integrated into local villages,
converting forest into family agricultural plots to such an extent
that the Parrot’s Beak was largely denuded of trees. In early 2003,
the United Nations High Commissioner for Refugees (UNHCR)
helped 16 500 Sierra Leonean refugees living in Guinea return to
their homeland; roughly half of these returning refugees traveled
through the Parrot’s Beak region.

Réfugee QOccupation
Area

F



Darfur Conflict

The Darfur conflict is a complex crisis in the Darfur region

of western Sudan. The combination of decades of drought,
desertification, and overpopulation are among the contributing
factors that led nomads searching for water to drive their livestock
south into regions mainly occupied by farming communities.
Eventually, tensions between the two groups escalated into conflict.
The United Nations estimates that as many as 450 000 people have
died from violence and disease and about 2.5 million are thought
to have been displaced as of October 2006 (UNHCR 2006b).

On 16 June 2007, United Nations Secretary General Ban
Ki-moon released a statement in which he proposed that the
impact of climate change is directly related to the Darfur
conflict, as desertification has added significantly to the stress
on the livelihoods of pastoralist societies, forcing them to move
south to find pasture (Ban Ki-moon 2007). Apart from the
millions internally displaced, more than 200 000 refugees are
currently hosted in 12 UNHCR-run camps across the border
in Chad (UNHCR 2006b). Their presence is a transboundary
environmental problem, since the need for fuelwood has led
refugees to destroy forests around the camps and dig new bore
holes for water, which are depleting aquifers.

Bir Kedouas is a two square kilometre settlement within Chad,
just west of Sudan’s Darfur region (see below). On 16 December
2005, Janjawid nomadic fighters attacked the village settlement,
burning at least 60 homes and causing widespread destruction
(Amnesty International 2006).

Changes in Bir Kedouas, Chad, between 2004 and 2006
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2.4 Transboundary Movement of Pollutants




Dust Storms

Dust storms are severe weather hazards. They are characterized
by strong winds and dust-filled air over an extensive area, often

drifting from one country to another. They are common in arid
and semi-arid regions. The dust in such storms is either natural

in origin, from volcanic eruptions or from soil eroded by

wind, or the result of human activities, such as mining and

various industries.

Africa is one of the largest dust-producing regions in the
world (Washington and others 2006a). Niger, Chad, Mauritania,
northern Nigeria, and Burkina Faso are among the countries
most affected by the loss of top soil by wind erosion. Saharan
dust storms were once relatively rare, but in the past half-century
they have increased ten-fold. In Mauritania, the number of dust
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Dust storm, Bodele Depression

storms rose from two per year in the early 1960s to 80 per year in
more recent times (Brown 2007).

Transboundary transport of African dust-—across continents
and even oceans—can result in a number of environmental
hazards such as eutrophication (decreased oxygen) in estuaries
and lung infections in humans. The loss of fine soil particles
through erosion and dust storms deprives the land of fertility
as well as biological productivity (Brown 2007), and can affect
the weather by reflecting the sun’s rays back into space (NASA
2004a). Dust storms are thus increasingly viewed as a key
component of change in some terrestrial and marine ecosystems
and as a potentially significant source of pathogens and
contaminants (lla 2006).

Tibesti
Mountains

natural wind tunnel

Bodele Depression

Lake Chad
/

Adamaoua Mountains

02 Jan 2007

NASA 2007a
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This April 2000 image of
Africa shows dust blowing
from the Sahara Desert
into the Atlantic Ocean,
represented as areas
where aerosols absorb
ultraviolet radiation. High
concentrations of aerosols
are indicated in brown and
lower concentrations in
yellow (NASA 2000).

Aerosols

Aerosols are tiny particles suspended
in the air. They tend to have a
cooling effect on the Earth’s surface
by reflecting some of the sun’s rays
back into space. Aerosols also absorb
ultraviolet radiation.

Aerosols can originate from
natural sources such as volcanoes,
forest fires, and dust storms, or from
anthropogenic sources such as the
burning of fossil fuels. Averaged over
the globe, aerosols resulting from
human activities currently account for
about 10 per cent of the total amount
of aerosols in the atmosphere (Hardin
and Kahn n.d.). Most of that 10 per

This image shows the annual
mean aerosol optical depth

for 2006. Optical depth is the
degree to which aerosols prevent
incoming sunlight from reaching
the Earth’s surface. High aerosol
concentrations were observed
over western and central Africa
due to dust from the Sahara and
smoke from biomass burning.
Gray zones on the map represent
areas were aerosol data could not
be collected (NASA 2006c¢).

Aerosol Optical Depth

cent is concentrated in the Northern
Hemisphere, especially over industrial
sites, agricultural regions, areas where
slash-and-burn agriculture is practised,
and overgrazed grasslands.

This 2007 image shows actively burning fires in red—a line of fires stretches along
the western coast of Greece’s Peloponnesus Peninsula. To the northeast, a single fire
casts a plume of smoke over the Greek capital of Athens.

Smoke Spreading From Greece to Africa

Fires burning in southwestern Greece in August 2007 released spreading southward in a clockwise direction from Greece, across
aerosols that winds carried to Africa. On 26 August 2007, aerosols the island of Crete, and ultimately concentrating over eastern
from the fires took a fairly direct route across the Mediterranean Libyan Arab Jamahiriya. In these images, the highest aerosol

Sea to collect on the western part of the Libyan Arab Jamahiriya concentrations are represented in pink, with lower concentrations

coast. On 27 August 2007, the aerosols took a different path, in yellow and green; relatively clear air is transparent (NASA 2007c¢).
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This image shows the global distribution of fires, represented by red dots. Fire
distribution in Africa indicates the highest biomass burning in the world (images
based on night-time measurements).

Fires

The frequent and large-scale burning of grasslands in Africa
contributes to transboundary air pollution through the release

of airborne particles (aerosols) and gases into the atmosphere,
many of which can have an impact on climate and human health.
For example, fires also release carbon monoxide, hydrocarbons,
and nitrogen oxides. When exposed to sunlight, some of these
substances react chemically to create ground-level ozone. Unlike
the ozone in the stratosphere, which absorbs dangerous ultraviolet
light, ozone near the Earth’s surface is a harmful air pollutant
that can lead to respiratory illnesses and allergies in people. While
urban and industrial contributions to pollution go on year round,
wildfires can add to global pollution levels in intense seasonal
bursts. Fires contribute as much as 35 per cent of ground-level
ozone formation in Africa.

Burning brush in Kenya

12 Apr 2008

Image Credit: NASA n.d.b; Data Source: GLCF

Biomass Burning in Africa

Biomass burning is the burning of living and dead vegetation
and includes the burning of forests, savannahs, and agricultural
lands. Wildfires are responsible for half of the biomass burning
that occurs in Africa, while shifting cultivation accounts for 24
per cent, deforestation for ten per cent, domestic burning for 11
per cent, and the burning of agricultural waste for five per cent
(UNEP 2005b). Studies show that biomass burning has increased
on a global scale over the last 100 years. Savannahs in Africa
experience the most extensive biomass burning in the world
(NASA 2001b). Because two-thirds of the Earth’s savannahs are
located in Africa, the continent is now recognized as the “burn
centre” of the planet (Levine and others 1995).

Christian Lambrechts/UNEP
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Seasonal Pattern of Wildland Fires shift with the seasons. The burning of tropical savannahs is estimated to release nearly
three times as much carbon (as carbon dioxide) into the atmosphere as the burning of
tropical forests. Extensive biomass burning in Africa not only releases carbon dioxide,
the principle greenhouse gas, into the atmosphere but also contributes carbon
monoxide. Furthermore, if burned vegetation does not regenerate, it can no longer
act as a carbon sink. Denuded landscapes also hasten desertification.

This series of images shows the seasonal pattern of wildland fires in Africa during
2005. Fires appear as red, orange, or yellow dots, with yellow indicating the greatest
number of fires. Some of the highest levels of biomass burning in the world occur
in southern Africa. For thousands of years farmers and herders south of the Sahara
Desert have used fire to clear land for farming or renew grazing land. Fire locations
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Carbon Monoxide Pollution:
A Result of Biomass Burning

A colourless, odourless, and poisonous gas, carbon monoxide
(CO) is a by-product of the burning of fossil fuels in industry
and automobiles, as well as the burning of forests and grasslands.
A major air pollutant, carbon monoxide is created when
carbon-based fuels—like fossil fuels or fuelwoods—do not burn
completely or efficiently. High levels of CO pollution are found
in many parts of the world, and they result from different types
of burning in different locations. In central Africa, high levels

of atmospheric CO are linked to widespread fire activity from
agricultural burning and wildfires. Carbon monoxide molecules
can last from a few weeks to several months in the atmosphere
and can travel across national boundaries. Because of its
transboundary movement, CO can affect air quality in regions far
from its original source (NASA 2000-2004).

Widespread fires release high levels of CO

This vertical series of images (right) shows a record of global

CO production from March 2000 through February 2004. Blue
areas have little or no atmospheric CO, while progressively
higher CO levels are shown in green, yellow, orange, and red. In
January through March, carbon monoxide levels are in the “red
zone”—more than 200 parts per 1 000 million—across much of
the Northern Hemisphere. They are even present as far north as
the Arctic and extending out over the Atlantic and Pacific Oceans
because of transboundary movement (NASA 2000-2004). CO
levels are especially high over central Africa for much of the year.

In this June 2004 image, red and yellow indicate high carbon monoxide levels,
while light- and dark-blue hues represent low values (NASA 2004b). A vast plume of
carbon monoxide extends from Africa over the Atlantic Ocean.
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Southern Africa: Hotspot for Nitrogen Dioxide (NO,)

Nitrogen oxides are created from lightning, soil microbial activity,
both natural and anthropogenic fires, automobile exhaust, the
burning of fossil fuels and biomass, and the photo-degradation

of nitrous oxide (N,O) in the stratosphere. Nitrogen oxides in
the atmosphere eventually form acid rain that damages plants
and agricultural crops (EPA 2002). Nitrogen dioxide can impact
human health, causing lung damage and respiratory problems.

It also contributes to urban pollution, since it is a reactant in the
production of ground-level ozone.

A global map of nitrogen dioxide (NO,) in the troposphere in 2003

This 2003 image shows the locations of high levels of nitrogen dioxide worldwide.
High concentrations of NO, tend to be associated with large urban or industrial
areas. In Africa, NO, concentrations are particularly high over coal-fired power
stations in South Africa. Lower, but widespread, concentrations of the gas—
produced by biomass burning—are visible across much of the African continent
(NASA 2003).

NO, (10" molecules/cm?)

0 5 10

2.5 Conclusion

The illustrated case studies and examples in this chapter have
underscored how Africa’s ecosystems and their plant and animal
inhabitants are not confined by political jurisdictions, but are
often shared by many countries. Furthermore, the impact

| ——
15 20

of human activities can often be felt far beyond the borders

of the countries in which the activities take place. For these
reasons, common approaches and complementary actions

by neighbouring countries and entire regions are needed to
effectively conserve Africa’s biodiversity and the natural resources
its people depend upon for their livelihoods.
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