


























Water

Per Capita Renewable Water

Changes in water quality and quantity —in
freshwater environments (lakes and rivers)
and in coastal and marine environments—
rank among the most challenging
environmental and social issues that Africa
currently faces.

An increasing population and a
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decreasing water supply leads to water
scarcity and stress. Water scarcity is defined
as less than 1 000 m? of potable water A
available per person per year, while water
stress means less than 1 700 m?® of potable
water is available per person per year
(UNEP 2002).
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The availability of fresh water is essential to
development in Africa. Nevertheless, the
per capita water consumption in Africa,

31 m3 per year, is still comparatively lower
than other regions—eg. North America—
221 m? per year (UNESCAP 2007).
Agriculture, by far, accounts for most of
the water consumption and withdrawal in
Africa, followed by reservoirs, municipal
use, and industrial use.

In terms of agriculture, water
a o - 125576 - 250 480
consumption can be defined as the g -
amount of surface and groundwater
absorbed by crops and transpired, or used
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directly in the building of plant tissue,

together with water that evaporates from the area where crops
are located. Water consumption also includes all activities where
the use of water results in a loss of the original water supplied,
such as industrial or community consumption (UNESCO 2007).
Withdrawal is the extraction of water from surface or subsurface
reservoirs (UNESCO 2007).

Engineered water transfers and dams, as well as the
exploitation of nonrenewable groundwater supplies, account

Freshwater Fish

An estimated one-fifth of all animal protein in the human diet is
derived from fish. In the coastal countries of Equatorial Guinea,
the Gambia, Guinea, Senegal, and Sierra Leone, at least half of the
total animal protein intake comes from fish (FAO 2006). Even in
many of Africa’s land-locked countries, fish is the primary protein
source (Finlayson and D’Cruz 2005). Urban and rural poor in
Malawi get a remarkable 70 to 75 per cent of their protein from
wild and aquaculture fish (Revenga and Cassar n.d.). As with other
inland fisheries that depend on natural production, Africa’s inland
fish resources are being exploited at or above sustainable yield
levels (Revenga and Cassar n.d.).

Africa is second only to Asia in the global capture of inland
fish. Nile perch, tilapia, and cyprinids represent the majority of the
catch in Africa’s top inland fishing nations, which include Uganda,
United Republic of Tanzania, Egypt, Kenya, and Democratic Re-
public of the Congo. Aquaculture is gaining importance in Africa.
Egypt is the largest producer of fish by aquaculture, and is second
only to China in the production of tilapia, a native African species
(FAO 2006). Despite its potential, local populations often do not
benefit from the introduction of aquaculture (or new fish species),
since they usually cannot afford the technologies needed to harvest
the resource (Revenga and Cassar n.d.).

for the overuse of freshwater supplies throughout the world. In
Africa, irrigation of agricultural lands occurs in the arid and semi-
arid regions in northern and southern regions of the continent
and along the Sahel. In these areas, much of the surface and
groundwater resources are highly exploited.

While water consumption and withdrawal in Africa has been
increasing over time, the continent’s water resources have been
decreasing, mainly as a result of persistent droughts and changing
land use patterns. The volume of water estimated to have been

K. Santos/Flickr.com

The abundance of fish in a number of Africa’s major river sys-
tems has declined (as it has in Asia, Australia, Europe, the Middle
East, North America, and South America) due to targeted fishing
for large freshwater species (FAO 2006). Many species, including
the Nile perch, are destined for export, thereby reducing the avail-
ability of fish for local consumption (Revenga and Cassar n.d.).

In addition to unsustainable harvests, inland fisheries are affected
by environmental degradation and exotic species introductions
(Balirwa 2007).




Getting water from a well, Nigeria

lost from the African land mass during a three-  Water Stress

year period ending in approximately 2006
was about 334 km?, which is as much water
as Africans consumed over the same period
(Amos 2006).

Lack of water often constrains farming
and human activities, while water pollution
diminishes its availability and is a source of
waterborne disease. An increase in the need for
fresh water by growing populations, coupled
with a history of periodic drought and evidence
of recent increased rainfall variability due
to climate change, has created conditions of
water scarcity and water stress in many regions
throughout Africa.

Continued climate change will aggravate
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this situation. By 2050, it is expected that
areas experiencing water shortages in sub-
Saharan Africa will have increased by 29

per cent. By 2100, water flow in the Nile River
region is expected to decrease by 75 per cent,
with damaging consequences for irrigation
practices. Declining water levels in many rivers
and lakes is expected to affect water quality,
exacerbate waterborne diseases, and reduce
available hydropower (UNEP 2006¢). Lack

of clean water and sanitation leads to a wide
range of potential diseases including malaria,
yellow fever, filariasis, river blindness, sleeping
sickness, guinea worm, bilharzia, trachoma, and
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scabies. Most importantly, dirty water is often
the cause of childhood diarrhoea, a leading
killer of African children (AMREF 2008).

Water pollution exacerbates water scarcity and impacts
fisheries. Dams and water transfer can affect water quality. The
damming of the Nile River at Aswan, for example, has reduced the
level of nutrients so much that the sardine catch in the Nile Delta
has fallen from 22 618 million metric tonnes in 1968 to under
13 500 million metric tonnes in 2002, and it is still declining (Bird
and Medina 2002).

It is estimated that over 300 million people in Africa face water
scarcity conditions. By 2025, 18 African countries are expected to
experience water stress (UNEP 1999).

Wetlands

Africa’s many types of wetlands, from West Africa’s saline coastal
lagoons to East Africa’s fresh and brackish-water lakes, provide

natural resources for many rural economies. Rising poverty,
increasing population, periodic droughts, and exploitation
by private landowners have degraded these ecosystems to the
detriment of wetland organisms and local populations
(Schuijt 2002).

There are few data concerning wetland losses in Africa. A
2005 review of wetland inventories in ten countries in southern
Africa found significant losses in two areas in KwaZulu Natal:
Tugela Basin, where over 90 per cent of wetland resources have
been lost in parts of the basin, and the Mfolozi catchment (10 000
km?), where 58 per cent of the original wetland area (502 km?)
had been lost (Taylor and others 1995). Another study in 1992
reported an overall loss of 15 per cent of wetland area in Tunisia
and 84 per cent wetland loss in the region’s Medjerdah catchment
(Moser and other 1996). Losses may be due to land conversion,
water extraction, and climate change.

Chrystina Gastelum/Flickr.com
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Coastal and Marine Environments Countries whose main source of revenue comes from oil

Africa’s coastal and marine resources have great ecological, HUECEIE), _SUCh B INIIEEIE an_d Angqla, T LS el 6 t(? .
social, and economic importance, both locally and for the protect their coastal and marine environments from damaging oil
global community (UNEP 2002). Local communities are heavily spills from refineries, wells, ports, and transportation routes (EIA
dependent on coastal resources such as mangrove trees for 2003). Coastal development and modification is also undermining

construction, for medicinal and food products, and for subsistence the ‘f"t_’"'ty @] ngtural SIS Tt o_t_her JEELN S D 1B an_d
or small-scale trade. Commercial fishing, tourism, and the oil and stablllzg shorelines. Coastal communl_tles hav_e suffered economic
gas industry all make substantial contributions to the national EIE sgmal_losses related_ D U depletlgn TS S_tOCkS’ L .
economies of coastal African countries as well (UNEP 2002). Many deterioration of recreational and tourism attractions, and rising

of these activities, however, are over-exploiting, degrading, and costs for water treatment and coastal protection (UNEP 1999).
polluting Africa’s marine and coastal resources and habitats.
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The Skeleton Coast Park spans over 16 400 km?, running 500 km north from the- . - -
Ugab River in Namibia to the Kunene River.along Angola’s'’coast.
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Biodiversity

Biological diversity, or biodiversity, is the term used to describe the
full array of life in a region, including species richness, ecosystem
complexity, and genetic variation. Biodiversity may be the greatest
natural resource, as it is a source of food, medicines, clothes,
energy, building materials, clean air, clean water, psychological
well-being, and countless other benefits (Norse and others 1986).
The effective use of biodiversity at all levels—genetic material,
species, communities, and ecosystems—is a precondition for
sustainable development. However, human activities are the root
cause of declining biodiversity worldwide; losses of plants, animals,
and other species are taking place at a rate far higher than the
natural background rate of extinction (UNEP 2008).

It may be too late to stem the loss of biodiversity in certain
parts of the world; however, in most of Africa the opportunity still
exists for proactive intervention (Biodiversity Support Program
1993). Africa’s competitive advantage is enhanced not only by the
fact that its environment is among the world’s richest biologically
but also by the fact that it has not yet sacrificed its endowment
of these resources (Biodiversity Support Program 1993).

Africa’s living organisms account for almost one-third of global
biodiversity, with the greatest concentrations occurring in the
African equatorial ecosystems and those that border them.

Of the world’s 4 700 mammal species, one-quarter occur in
Africa. Huge populations of mammals are found in the eastern
and southern savannahs, including at least 79 species of antelope
(UNEP and McGinley 2007). Africa also has more than 2 000
species of birds—one-fifth of the world’s total—and at least 2 000
species of fish, more than any other continent.

In addition, Africa has about 950 million amphibian species.
New species of amphibians and reptiles are still being discovered.

Table 1.2 - African Hotspots and Their Vital Signs
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For example, during the 1990s, discoveries of new amphibian
and reptile species in Madagascar alone increased the number of
known species of these organisms by 25 per cent and 18 per cent,
respectively (Anon 2007).

The African mainland has between 40 000 and 60 000 plant
species. Southern Africa alone has at least 580 families and about
100 000 known species of insects, spiders, and other arachnids
(Anon 2007).

Eight of the world’s 34 biodiversity hotspots are in Africa
(C1 2007¢). To qualify as a hotspot, a region must contain at least
1 500 species of vascular plants (> 0.5 per cent of the world’s
total) as endemics, and it must have lost at least 70 per cent of its
original habitat (CI 2007b).

Scientists have designated the African biodiversity hotspots
on the basis of both existing biodiversity and the threats to that
biodiversity with the intention of focusing protection efforts on
these valuable areas. Over the last 30 years, the efforts to protect
and sustain biodiversity have strengthened. More recently,
there has been a shift toward focusing on the sustainable use of
biodiversity resources and the sharing of their benefits.

Nevertheless, biological diversity in Africa continues to decline
(UNEP 2002). Over 120 plant species are extinct, with another
1 771 threatened (Bird and Medina 2002). Threats to species
are both direct (such as bushmeat hunting) and indirect (such
as habitat loss). Some species, such as the Bonobo or pygmy
chimpanzee (Pan paniscus), exist in very limited areas. Loss
of habitat in these relatively small areas can lead to the rapid
extinction of species (Brooks and others 2002). Much effort has
gone into designating protected areas in Africa with the hope of
saving these areas of crucial habitat.

Vital signs
Hotspot Hotspot Hotspot Endemic Endemic Endemic Endemic Extinct Human Area Area
Original Vegetation Plant Threatened | Threatened | Threatened Speciest | Population Protected Protected
Extent Remaining Species Birds Mammals Amphibians Density (km?) (km?) in
(km?) (km?) (people/km?) Categories I-IV*
Cape Floristic 78 555 15711 6 210 0 1 7 1 51 10 859 10154
Region
Coastal Forests 291 250 29125 1750 2 6 4 0 52 50889 11343
of Eastern Africa
Eastern 1017 806 106 870 2356 35 48 30 1 95 154132 59191
Afromontane
Guinean Forests 620314 93 047 1800 31 35 49 0 137 108 104 18 880
of West Africa
Horn of Africa 1659363 82968 2750 9 8 1 1 23 145 322 51229
Madagascar and 600 461 60 046 11 600 57 51 61 45 32 18 482 14 664
the Indian Ocean
Islands
Maputaland- 274136 67 163 1900 0 2 6 0 70 23051 20322
Pondoland-
Albany
Succulent 102 691 29780 2439 0 1 1 1 4 2567 1890
Karoo

1 Recorded extinctions since 1500 *Categories |-1V afford higher levels of protection
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%3 Source: Conservation International: Biodiversity Hotspots, 2007
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Cape Floristic Region

This is one of the world’s five Mediterranean
climate zone hotspots and contains its
largest non-tropical concentration of higher
vascular plant species. It is the only hotspot
encompassing an entire floral kingdom.

Craig Grobler/Flickr.com
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Guinean Forests of
West Africa

The Guinean Forests of West Africa |-
are home to more than a quarter

of Africa’s mammals, including
more than 20 species of primates.
These and other species are
threatened by logging, mining,
hunting, and ever-increasing
numbers of people.

Martin Sharman/Flickr.com

Lip Kee Yap

Flickr.com

ck
wl Al

Martin H-Ig'fgan/ﬁ'

g
b
=

(=)
F
[}

Flickr.com

@ylartin Helgan/Flickrcom

Eastern Afromontane

Succulent Karoo This hotspot is formed by scattered mountains

with very similar plant communities. The
Albertine Rift has more endemic mammals,
birds, and amphibians than any other African
region. The Eastern Afromontane also contains
some of the world’s most extraordinary

lakes, which harbour about 617 endemic fish
species. Agricultural expansion of crops such as
bananas, beans, and tea, as well as the growing
demand for bushmeat, are threatening the
region’s biodiversity.

The Succulent Karoo of South Africa

and Namibia boasts the world’s richest
succulent flora and exceptional plant
endemism—=69 per cent of its plants are
found nowhere else—as well as a number
of unique reptile species. It is one of

only two of the world’s completely arid
hotspots. Grazing, agriculture, and mining
threaten this fragile region.
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Maputaland-Pondoland-Albany

Maputaland-Pondoland-Albany, which stretches along the
east coast of southern Africa, is an important centre of plant
endemism, with nearly 600 tree species alone. This region has
the world’s highest tree diversity of any temperate forest. One
of the region’s most well-known endemic plants is the Bird of
Paradise flower (Strelitzia reginae). This hotspot is also world-
renowned for its conservation efforts to save the southern
subspecies of white rhinoceros from extinction. Commercial
and local small-scale farming and the expansion of grazing
lands are encroaching on the extensive grassland habitats
here, threatening many of its large mammals.

=
o
7
o
=
o
-
(2
2
o
2
o
w
]
=
U

Derek Keats/Flickr.com

Coastal Forests of Eastern Africa

¥ This tiny and fragmented hotspot has exceptional

¥ levels of biodiversity. It is the original source of the

¢ world’s lucrative trade in cultivated African violets
and is home to a wide variety of threatened primates,
including some that are endemic. The expansion

of both commercial and subsistence agriculture is
severely threatening this habitat.

Madagascar and the Indian
Ocean Islands

Madagascar and the Indian Ocean Islands have
exceptional biodiversity: eight plant families, four
bird families, and five primate families that are
found nowhere else on Earth. Madagascar has
more than 50 lemur species, although 15 others
have become extinct since the arrival of humans.
A number of critically endangered bird species
inhabit the Seychelles, Comoros, and Mascarene

Horn of Africa islands in the Indian Ocean.

The Horn of Africa is one of the two entirely
arid global hotspots and is renowned for its
biological resources. It has Africa’s highest
number of endemic reptiles and a number of
endemic and threatened antelope. With only
five per cent of its original habitat remaining,
this hotspot is also one of the world'’s

most degraded. It has been devastated by
overgrazing and charcoal harvesting.
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A Few African S.Eeaes
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Barbary Lion
Panthera leo leo

North Africa

The Barbary (also called Atlas or Nubian) lion
was found throughout northern Africa from
Morocco to Egypt. Studies have concluded
that the Barbary lion was most closely related
to Asian lions. The last known individual in the
wild was killed in the Atlas Mountains in 1922.

inct

G. Reclos/MCH

Pinstripe Dambo
Paretroplus menarambo
Madagascar

The pinstripe dambo was endemic to a

small region of Madagascar but is presumed
extinct in the wild. Despite targeted surveys,
no specimens have been collected in recent
years. However, breeding populations of
this species are maintained in captivity. The
main causes for the loss of this species were
deforestation, introduced alien species,

and overfishing.

Scimitar Oryx

Oryx dammah

Algeria, Burkina Faso, Chad,
Egypt, Israel, Libyan Arab
Jamabhiriya, Mali, Mauritania,
Morocco, Niger, Nigeria, Senegal,
Sudan, Tunisia, Western Sahara

The scimitar oryx, or scimitar-horned oryx is

a species of oryx which once inhabited the
whole of North Africa and was one of the most
common large mammals of the region. There

are conflicting reports as to whether it is extinct
in the wild, or whether small populations still
survive in central Niger and Chad. Currently
listed as extinct on the I[UCN Red List, the scimitar
oryx is now part of a major captive breeding and
reintroduction programme.

26 \¢

Dodo (Extinct)
Raphus cucullatus
Mauritius

The Dodo was a flightless bird that lived on

the island of Mauritius. Related to pigeons and
doves, it stood about one metre tall, lived on
fruit, and nested on the ground. The dodo has
been extinct since the mid-to-late 17th century.
It is commonly used as the archetype of an
extinct species because its extinction occurred
during recorded human history and was directly
attributable to human activity. The birds were
killed by sailors and settlers for food, and

their eggs and young were devoured by cats,
dogs, and other non-native animals that were
introduced to Mauritius.

""eWild

West Afrlcan Black Rhmo (Extmct)
Diceros bicornis longipes

Central West Africa

Among two of Africa’s most threatened rhinoceros
subspecies is the West African Black Rhino.
According to the African Rhino Specialist Group
of the International Union for the Conservation

of Nature and Natural Resources (IUCN) Species
Survival Commission, the West African Black Rhino
is now feared extinct. An intensive survey of the
West African black rhino in early 2006 has failed

to locate any sign of their continued presence in
their last refuges in northern Cameroon. Poaching
for rhino horn is the main cause of their demise.

Wikipedia.com
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Blue Antelope or Bluebuck (Extinct)

Hippotragus leucophaeus

South Africa

The bluebuck, or blue antelope, was the first large
African mammal to become extinct in historical
times. Bluebuck numbers began dropping about
2 000 years ago and the species was already rare by
the 1700s. Various factors have been suggested as
the cause of their extinction, including the change
of grassland into bush and forest when the climate
became warmer, and the human introduction into
their habitat of livestock, particularly sheep, at
about that time. Competition with sheep, diseases,
or hunting may all have contributed to a decline in
bluebuck. The last bluebuck was reportedly killed
in 1799.
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Giant Tortoise

Cylindraspis
Mauritius, Seychelles

Giant tortoises were considered extremely
valuable by early mariners for food as they could
survive for months in captivity without food and
water. Their flesh and oil was considered a cure
for scurvy. Sadly, thousands were wastefully
harvested, with many specimens being left to
rot after their valuable liver and oil had been
removed. Most sub-species became extinct in
the early years of the 18th century.

s,

Egyptian Barbary Sheep

Ammotragus lervia ornata

Eygpt

The native range of the Egyptian Barbary sheep
was the arid hills east of Cairo, Egypt, and the
rugged terrain bordering both sides of the

Nile River in southern Egypt. It is thought that
the Egyptian Barbary sheep probably became
extinct in the wild in the 1970s or 1980s. The
species does survive, however, in captive
breeding programmes.

Quagga (Extinct)
Equus quagga
South Africa

The quagga, a grazing mammal closely related

to zebras, was native to desert areas of southern
Africa. It was especially abundant in South Africa’s
Cape Province. Quaggas were distinguishable
from zebras by the fact that they had brown-
and-tan stripes on the front part of the body

only. The stripes faded toward the hindquarters,
which were solid brown. Prized for its meat and
hides, the quagga was hunted to extinction in the
1870s. The last specimen in captivity died in 1883.

John Gerrard Keulemans/Wikipedia.com

Mauritius Blue Pigeon (Extinct)
Alectroenas nitidissima
Mauritius

This beautiful red, white, and blue pigeon was
also named Pigeon Hollandais because of its
resemblance to the colours of the Dutch flag. It
was hunted extensively and had already become
rare by the 1730s. Monkeys and rats preyed on
the pigeon’s eggs and chicks, and deforestation
fragmented its habitat. The last specimen was
collected in 1826, and hunting and habitat loss
eventually brought about the species’ extinction
in the 1830s. There are three surviving skins of this
species, one in Edinburgh, England, one in Paris,

France and one in the Mauritius Institute, the latter

belonging to the last surviving individual.

Haplochromis Ishmaeli
syn. Labrochromis ishmaeli
Lake Victoria in Kenya,

Sources: Creighton, B 2000, IUCN n.d., National Geographic News 2006, The Bay Science Foundation, Inc. 2007,

John Gerrard Keulemans/Wikipedia.com

Seychelles Parakeet (Extinct)
Psittacula wardi
Seychelles

The Seychelles parakeet was endemic to Mahé
and Silhouette, two islands in the Seychelles
group. This small, primarily green parrot was
already rare when it was first described by
Europeans in the 1860s. The Seychelles parakeet
was finally driven to extinction in 1906, largely
due to the clearing of its forest habitat for
coconut plantations and eradication efforts to
keep it from eating crops.

Cape Lion (Extinct)
Panthera leo melanochaitus
Cape of South Africa

The Cape lion was once found throughout
southern Africa from the Cape of Good Hope
to the Province of KwaZulu Natal. Cape lions
were the largest and darkest of all sub-Saharan
lions. The last known Cape lion in the wild

was killed in 1858. Until recently, researchers
disputed whether the extinct Cape lion was a
true species, or merely a subspecies, of African
lion. Genetic research, published in 2006, did
not support the “distinctness” of the Cape lion.
It now seems probable that the Cape lion was
only the southernmost population of the extant
southern African lion.

United Republic of Tanzania, Uganda

Haplochromis ishmaeli—a specialized snail eater—is not only extinct in the wild
but also rare in the aquarium fish industry. This small muscular fish eats mollusks.
But unlike other snail-eating fish, which extract the mollusk from its shell,
Haplochromis ishmaeli ingests the entire animal, shell and all.

Pedersen, M. 1999, Mass, P. 2007, Preservation Station Inc. 2005, Steeves, G. and A. 2007
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1.3 Earth Observations
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The foundation of science is observation. Throughout + =~ ~ :
the history of science, instruments have been . - " . we
developed to allow observation of objects and
processes that had previously been inaccessible. The
microscope, the telescope, X-ray imaging, and the
particle accelerator have brought unknown realms of _ e ’
the physical world into view. In the science of Earth Y,
observation, satellite remote sensing is the tool that

has allowed us to study and monitor our planet in . ; S LN . ’
entirely new ways. ' :

Africa at Night 5 ' SR O e :
This 2001 satellite image mosaic (NASA 2001a) shows = " S
the African continent at night. Concentrations of oA : LS
electric lights stand out as white dots and streaks : A S e
against a much darker background. Light distribution ' :
correlates with population density. Africa’s large cities : w, 5 o
and other densely populated areas, located primarily ‘ : ;
along the coast and major river systems, are brightly . A |
lit. But much of the Sahara and the dense rain forests ' RS RN
of the continent’s interior remain dark. In 2004, Africa, R e i
with about 12 per cent of the world’s population, ¥, L Al : e
consumed a mere one-tenth of the electricity used =
in North America, which had 5.1 per cent of global
population (IEA 2005).

NASA 2001a
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Africa—Lightning Centre of the World

Lightning, a discharge of energy during severe storms, may affect public
safety, electrical and transportation systems, and may even trigger
wildfires. Detecting lightning helps scientists to understand Earth’s
climate system and monitor changes in severe storms and precipitation
patterns over time. The map (right) shows the average yearly number of
lightning flashes per square kilometre based on data collected between
1995 and 2002. The places with the highest number of lightning flashes
per square kilometre per year appear as dark red patches. Although
lightning is common across much of Africa, it is very common near the
heart of the continent. It is probably no coincidence that this is also the
region where most of Africa’s wildfires occur (NASA 2002a). Africa has
more lightning flashes per square kilometre than anywhere else on Earth. of o4 14 5 0 70

i

lightning flashes (per km? per year)
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Gas Flaring in the Niger Delta

Nigeria has significant petroleum and natural gas reserves in its
Niger River delta region. During the production of petroleum,
most of the associated natural gas ends up being burned off,
or flared. The flaring of gas has been practiced in the Niger
Delta region for over four decades. Alongside carbon dioxide
emissions, about 4 580 million kilowatts of heat are discharged
into the atmosphere above the Niger Delta from flaring 548.6
million cubic metres of gas every day. This practice not only
has economic implications in terms of wasted resources that
could be used in energy generation, but is also a source of
environmental degradation.

Nigeria, however, has been gradually reducing the amount of
gas flared, with the aim of stopping the practice altogether. This
change is confirmed by analysis of a series of satellite images
produced by the World Bank in collaboration with the U.S.
National Oceanic and Atmospheric Administration (NOAA)

Migeria

Cameroon

over a period of 14 years. The composite satellite image (above)
shows a reduction in gas flaring in Nigeria over 14 years. The
year 2006 is in red, 2000 is in green and 1992 is in blue.

Source: Uyigue and Agho 2007; World Bank 2007

Global Land Surface Temperature

This image shows the highest land surface temperatures
recorded worldwide between 2003 and 2005. Africa is one of
the world’s hottest regions. The hottest places, shown in light
pink, are largely barren or sparsely vegetated deserts. These
areas are prevalent in northern Africa, southern Asia, Australia,
and parts of western North and South America. Densely
vegetated areas are much cooler and appear purple in the
image (NASA 2006a).

Land Surface Temperature (°C)

NASA 2006a

Flooding in Mali

Like many other countries in Africa’s Sahel region, Mali was flooded in
September 2007. Heavy rains pushed the converging Niger and Bani Rivers
over their banks and filled the surrounding wetlands with water.

The 25 July 2007 satellite image taken before the heaviest rains settled
in, shows smudges of light blue along the left edge, which are water-soaked
ground typical of flooding, indicating that the floods had already started.
The Niger and Bani Rivers, however, were still too small to be seen clearly.

By 15 September 2007, the rivers had widened, expanding into pools
throughout the surrounding wetlands. In the September 2007 image, water
is black or dark blue, in contrast to the pale tan earth and the bright green
plant-covered areas (clouds are light blue and white). The Niger River
remained flooded along its entire length, through Mali and Niger, and into
Nigeria. A further testament to the rainfall is the greening of the landscape.
Wetlands bordering the rivers went from tan-red, a colour typical of recentl
burned areas where few or no plants are growing, to vivid green. The floods
extended far beyond the region. As many as 17 countries and more than a
million people were affected by flooding across Africa.

Source: NASA 2007a
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19 December 1979
First Antarctic Zone Hole
Recorded (NASA 2002b)

Africa and Ultra Violet (UV) Exposure

The ozone layer in the upper atmosphere provides a shield that blocks
harmful ultraviolet rays from reaching the Earth’s surface. Human-made
ozone-depleting substances such as chlorofluorocarbons and related
chemical compounds have led to a thinning of the ozone layer. As a
result of ozone loss worldwide, more dangerous UV radiation reaches
the Earth’s surface, increasing the potential risk of skin cancer in
people and adversely impacting marine organisms, plants, and animals.

In addition to general loss of atmospheric ozone worldwide, massive
ozone loss occurs each austral spring over Antarctica, resulting in what
is known as the Antarctic “ozone hole.” In the Northern Hemisphere,

a similar although less extensive ozone hole forms over the North

Pole each spring. Although the protective ozone layer thins each year
significantly more at the poles than at the equator, Africa and other
equatorial regions tend to receive more UV radiation than do higher
latitudes. One reason for this is because UV radiation is somewhat
blocked by cloud cover, and at certain times of the year, many regions in
Africa are relatively cloud-free. Another factor is that equatorial regions
receive more sunlight than higher latitudes where the sun’s rays strike at
oblique angles, spreading UV radiation over a wider surface area (NASA
2008b; Allen 2001).

24 September 2006

Largest Hole Recorded
(NASA 2006b)

13 September 2007

Most Recent Recording
(NASA 2007b)

This image shows UV radiation levels based on data collected during the month of July in 1979
(below left) and 2004 (below right). Very high UV levels, represented by orange and yellow colou-
ration, appear over the Sahara, Saudi Arabia, the southwestern United States, and the Himalayan
Mountain regions in northern India and southern China.

Global Phytoplankton Distribution

This image represents a decade of satellite observations showing
average chlorophyll concentrations in the Earth’s oceans from
mid-September 1997 through the end of August 2007. Satellite
sensors record the amount of light characteristically absorbed
by chlorophyll in algae and other marine organisms that carry
out photosynthesis. Photosynthesis is the biochemical process

in which water and carbon dioxide are converted into sugar
(glucose) and oxygen using energy from sunlight.

In general, high chlorophyll concentrations correspond with
high numbers of these marine photosynthesizers, which form

NASA 2007¢
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the base of nearly all ocean food webs. Where these organisms
thrive, the ocean appears light blue to yellow in the image; less
productive regions are dark blue. Thus, this image gives an overall
view of global ocean productivity, although it should be noted that
productivity in polar regions is seasonal. Marine algae and other
photosynthesizing ocean organisms absorb more carbon dioxide

Namib Desert

08 Nov 2007

003 0 ER
Chlorophyll Concentration

than any other group of living things on Earth, including dense
tropical forests. Since CO, is an important greenhouse gas, these
organisms play an important role in mitigating global warming
(NASA 2007c).

Phytoplankton Bloom off Namibia

Phytoplankton are tiny photosynthesizing algae and other organisms that make up the vast
drifting mass of marine life known as plankton. Phytoplankton “blooms” are common off the
coast of Namibia. The eventual death and decomposition of the vast numbers of organisms in
these blooms robs the water of dissolved oxygen. This creates an oxygen-depleted “dead zone”
where fish cannot survive.

This satellite image, captured in 08 November 2007, shows a phytoplankton bloom (light
blue and green areas) stretching along hundreds of kilometres off the Namibian coast. Such
blooms are common in the coastal waters off southwest Africa. Cold, nutrient-rich currents
flowing north along the ocean floor from Antarctica rise to mix with warmer surface waters.
Phytoplankton thrive where such upwellings occur. (NASA 2007d).



Crater Highlands, United Republic of Tanzania

Plate tectonics, volcanism, landslides, erosion and deposition—and
their interactions—are all very evident in this computer-generated
view of the Crater Highlands, along the East African Rift (based

on satellite and other data). The lower elevations are shown as
green while higher elevations appear as brown; snow-capped peaks
are white. These Crater Highlands rise far above the adjacent
savannahs, capture moisture from passing air masses, and are home
to dense rain forests.

The East African Rift is a zone of spreading, or rifting, between
the African tectonic plate (on the west) and Somali tectonic plate
(on the east). Two branches of the Rift intersect in the United
Republic of Tanzania, resulting in distinctive and prominent
landforms. One rift runs from southwest to northeast (top to
bottom in this southwest facing view). The other rift, running
southeast to northwest, corresponds to the band of low elevation
crossing the bottom of the image (green). Volcanoes are often
associated with spreading rift zones where magma, rising to fill
gaps between moving plates, reaches the surface, erupts, and builds =
cones. Craters form when part of a volcano explodes. Calderas,
such as Ngorongoro Crater, are a type of crater that forms when a
volcano collapses into itself. Source: NASA 2000

Lake Eyasi

Global Sea

Surface Temperature

In this May 2001 image, red and yellow indicate
warmer ocean waters, blue and purple represent
colder waters, and green represents water of an
intermediate temperature. Sea surface temperature
images such as these are useful in studies of global
temperature anomalies, and of how air-sea-ocean
interactions drive changes in weather and climate
patterns. Note the warm tongue of water extending
south from Africa’s east coast to well below the Cape
of Good Hope. Source: NASA 2001b
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Botswana Salt Pans TR

The Makgadikgadi Pans complex is situated in the northeastern k
part of Botswana, southeast of the Okavango Delta. Covering over
12 000 km?, it is one of the largest saltpan complexes in the world.
The Makgadikgadi Pans are in a geographic depression (the
Kalahari (Kgalagadi Basin) that once held an enormous lake that
spanned most of what is now northern Botswana. The formation
of various faults at the southern end of the East African Rift Valley
diverted the flow of rivers away from the ancient lake, causing it
to slowly dry up. This drying process concentrated salts in the lake
bed, eventually leaving flat, salt-saturated clay-pan expanses: the
Makgadikgadi Pans complex. The harsh conditions in and around
the Makgadikgadi Pans are unsuitable for most animals. The only
fauna to permanently inhabit the pans are highly specialized
invertebrates. These invertebrates, mainly crustaceans, are
adapted to withstand the long dry periods and to reproduce very
quickly after a rain. After heavy rains the pans are transformed
into a vibrant paradise, attracting thousands of waterbirds that
come to feed and breed. The most spectacular visitors are greater
and lesser flamingos (Phoenicopterus ruber and Phoeniconaias minor,
respectively) that flock to the pans by the thousands. The greater
flamingos feed on the newly hatched crustaceans while their
smaller relatives feast on the blue-green algae (cyanobacteria)
that also thrive in the salt pans.

Source WWF 2001: NASA 2007e ! , ns, Botswana
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Saharan Dust Has Chilling Effect on the North Atlantic

Dust and other aerosols can both absorb and reflect sunlight, and
thus affect surface temperature in different parts of the Earth.
For years, however, research on the impact of aerosols was largely
confined to global climate modeling. (Miller and Tegen, 1998;
Schollaert and Merrill 1998 ). A recent study by the National
Aeronautics Space Administration (NASA), however, makes made
use of aerosol data and satellite earth observation techniques to
suggest that the 2006 hurricane season was relatively calm as a
result of an abundance of dust blowing off the West African coast
and over the Atlantic Ocean (NASA 2007f).

20E

Soil Moisture Monitoring in Southern Africa

Active radar instruments onboard satellites have been successfully
used for scientific studies in hydrology, oceanography,
geomorphology, and geology. Radar instruments generate and
transmit electromagnetic energy, making them independent

of solar energy and allowing them to acquire data both during
the day and at night. These sensors can also monitor changes in
soil water content, as well as soil moisture patterns (Wagner and
others 2007).

Radar was used in monitoring soil moisture in countries of
the Southern African Development Community (SADC) (SHARE
2008). Data from the Advanced Synthetic Aperture Radar (ASAR),
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This figure shows the pattern of
ocean winds from West Africa across
the Atlantic Ocean

In June and July 2006, there were several significant dust storms over the
Sahara Desert in Africa. As this dust traveled westward into the Atlantic,
satellite data showed that the particles blocked sunlight from reaching the
ocean surface, causing ocean waters to cool.

Sea surface temperatures in 2006 across the prime hurricane-breeding
regions of the Atlantic and Caribbean were found to be as much as one
degree Celsius cooler than in 2005. Following the most significant dust
outbreak, which occurred in June and July, ocean waters cooled abruptly in
just two weeks, suggesting that the dust had an almost immediate effect.
These cooler waters may have impeded some the development of hurricanes,
since the storms rely on warm waters to form.

Cooler ocean waters in 2006 did result in fewer summertime tropical
storms and hurricanes in the Atlantic than in 2005. Average sea surface
temperature in degrees Celsius for the July-September period are shown for
2005 (top) and 2006 (bottom). During 2005, there were nine distinct tropical
storms (open circles) and hurricanes (black circles) in the western Atlantic
Ocean, Caribbean Sea, and the Gulf of Mexico. During the same period in
2006, only two tropical storms formed and none developed into hurricanes.

The dust worked to cool the ocean, but it also warmed the atmosphere by
absorbing more of the sun’s energy. This temperature difference resulted in
a shift in the large-scale atmospheric circulation. As air rose over West Africa
and the tropical Atlantic, it sank and became less moist over the western
Atlantic and Caribbean. This pattern helped to increase surface winds that
enhanced ocean evaporation and churned deeper, colder waters, causing the
area of cool seas to expand.

Credit: NASA 20079

an active remote sensing instrument onboard the European
Space Agency Environmental Satellite (ENVISAT) platform, were
used to derive the soil moisture levels. The maps show marked
differences in soil moisture between August 2005 and August
2006, as a result of above average rainfall in 2006.

The use of satellite technology in soil moisture monitoring
eliminates the disadvantages associated with conventional
monitoring methods. Conventional in-situ methods are labour
intensive, costly, non-uniform, and local in scale. ENVISAT
presents an opportunity for monitoring soil moisture patterns
over large regions with, at the same time, high temporal
resolution. Such information can then be used to help predict
and monitor floods and droughts (Scipal and others 2005).
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Smart Sensing of Volcanoes

The Democratic Republic of the Congo in central Africa is

home to two active volcanoes: Nyiragongo and Nyamuragira. At

3 470 m high, Nyiragongo Volcano is a stratovolcano, a steep-
sloped structure composed of alternating layers of solidified ash,
hardened lava, and rocks ejected by previous eruptions. Prior to its
2002 eruption, this volcano wrought havoc in 1977 when it emptied
a lava lake at its summit and caused a very fluid, fast-moving lava
flow. Nyamuragira Volcano is a shield volcano, composed of old
lava flows. Lava flows from this volcano cover some 1 500 km?, and
the volcano rises very gradually, reaching an altitude of 3 058 m.
Despite its subtler shape, this volcano drained its own lava lake in
1938, sending lava flows all the way to Lake Kivu.

Besides their proximity to Lake Kivu, these volcanoes have
both produced catastrophic eruptions since the early 20th century.
Their tendency to release catastrophic lava flows prompted
volcanologists to look for innovative ways to monitor the behaviour
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of both volcanoes, and even develop “smart” sensing systems that
can act independently to collect observations as quickly as possible.

This satellite image above, taken on 31 January 2007, shows
Nyamuragira and Nyiragongo, about five years after Nyiragongo
sent a devastating lava flow through the town of Goma. Lava flows
from neighboring Nyamuragira, however, are more prominent
in this picture with their sombre shades of brown and purplish-
black contrasting with the lush green of surrounding vegetation.
Nyiragongo shows evidence of continued activity. The dark
pink dot at its summit is a hotspot where the satellite sensor has
detected unusually warm surface temperatures. The bright white
plumes in the image are clouds, likely resulting from water vapour
released by the volcano. The blue area near the clouds is part of
the volcanic plume. Along the shores of Lake Kivu, areas of purple-
brown indicate bare ground and human-made structures.

NASA 2007h
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