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indicates there has
been an overall
reduction of 39
per cent in animal
populations over the
38-year period
(WWF/ZSL, 2012)

Figure 1. Afr ica’s
Living Planet Index
(1970 – 2008).

Index value

in this volume, the Africa Living Planet Index
(Figure 1) shows a reduction of 39 per cent in

Yet Africa’s ecosystems are changing faster than
ever before through the combined impact of
global and local pressures. Loss of ecosystem
services is compromising future security, health
and well-being and effects are being borne
disproportionately by the poor.

livelihoods and economies are built.

Fundamentally we all depend on nature: the
ecological infrastructure of the planet that provides
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Figure 2. Histor ical
trends in Africa’s
Ecological Footprint
(1961-2008)
(Global Footprint
Network, 2011)

The Ecological Footprint of all African
countries increased by 240 per cent between
1961 and 2008 (Figure 2) as a result of growing
populations as well as increased per capita
consumption in a minority of countries.

Much of the pressure on ecosystems can be
traced to humanity’s voracious demand for goods
and services which is now exceeding the planet’s
capacity to regenerate resources and absorb the
wastes we produce. Humanity’s demand on the
world’s living resources, its Ecological Footprint,
has more than doubled since 1961 and now
overshoots the planet’s regenerative capacity –
or biocapacity – by about 50 per cent.

animal populations over the 38 year period
between 1970 and 2008.

Billion Global hectares

The combined measures of Ecological Footprint,
Water Footprint and Living Planet Index show us
that Africa is now at a crossroad in terms of

exceeds the biocapacity available within its
borders, by 2015. Already today, nearly 400
million people living in Africa’s 36 largest river
basins experience water scarcity for at least
one month each year. Many African countries
compensate for biocapacity and water shortfalls
by importing goods and services from elsewhere.

Looking ahead, Africa as a whole is projected

The average per capita footprint in Africa in
2008 is rapidly approaching the available
biocapacity within Africa’s borders of 1.5 global
hectares per person.

Arid vegetation, trees
under heavy sky in the
Sahel Zone, Niger

© Anto n Vorauer / W WF- Ca non
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This overshoot of approximately 50 per cent
means that in 2008 we used the equivalent
of 1.5 Earths to support our consumption, or
in other words, it would have taken the Earth

In 2008, the total productive area, or biocapacity,
of the planet was 12.0 billion global hectares
(gha) or 1.8 gha per capita. Humanity had
an Ecological Footprint of 18.2 billion gha,
equivalent to 2.7 gha per capita.

The Ecological Footprint measures the amount
of biologically productive land and water area
required to produce all of the resources an
individual, population, or activity consumes,
and to sequester the carbon dioxide they
generate, given prevailing technology and
resource management practices. This area can be
compared with biological capacity or biocapacity,
the amount of productive area that is available to
generate these resources and to absorb wastes.

The Ecological Footprint shows humanity’s competing
demands on the biosphere by comparing the renewable
resources people are consuming to the regenerative
capacity of the planet – or biocapacity.

Section 1: Ecological wealth and human prosperity

consumption patterns and lifestyles. If everybody
on the planet lived the lifestyle of the average
citizen of the United Arab Emirates, then in 2008
we would have needed more than four and a half
planets to support the global population.

Ecological Footprints vary enormously among

approximately a year and a half to regenerate the
resources used by humanity in that year. This
means that in order to sustain humanity’s current
pattern of lifestyles we drawing on resources at a
faster rate than they can be renewed and eating
into our ecological reserves.

Ecological Footprint (Number of planets)

Footprint provides an
understanding of how
the Ecological Footprint
is made up of land use
components – and
how these relate to
human demands on the
biosphere. It provides an
understanding the concept
of global hectares (gha)

Figure 3.
Global Ecological
Footprint by
land use type,
1961-2008
(Global Footprint
Network, 2011)

Figure 4.
Components of
Foot print

for human consumption as
well as the area for animal
feed, oil crops and rubber

Represents the area used to

Represents the forest area
required for the supply of
timber, pulp and fuel wood

Represents the area of land covered
by human infrastructure, including
transportation, housing, industrial
structures and reservoirs for
hydropower

including catches from aquaculture

Calculated from the estimated
primary production required to

Represents the area used
to raise livestock for meat, dairy, hide and
wool products

Both the Ecological Footprint (which represents demand for resources) and
biocapacity (which represents the availability of resources) are expressed in units
called global hectares (gha). One gha represents the productive capacity of
one hectare of land with world average productivity

t
ow

Accounts for the area of forest land
required to absorb CO2 emissions
from burning fossil fuels, land
use change and international
transport, that are not absorbed
by the oceans.

Green infrastructure for Africa’s ecological security
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meet their needs

a level of consumption

The footprint of many

Mauritius has the highest per capita footprint
at 4.6 gha and, together with Libya, Mauritania
and Botswana, is one of four countries with an
average per capita Ecological Footprint greater
than the global average. Ten of the 45 countries

Although this is far lower than the global average
per capita footprint of 2.7 gha, it is close to the
globally available biocapacity of 1.8 gha per
person and is rapidly approaching the biocapacity
available within Africa’s borders.

Africa’s total footprint in 2008 was 1.41 billion gha or
7.7 per cent of humanity’s total footprint. This is
equivalent to an average per capita Footprint of 1.4 gha.

Section 1: Ecological wealth and human prosperity

Ecological Footprint (gha per capita)

The Ecological Footprint, as a measure of a
population’s utilization of renewable resources,
can be compared to biocapacity, a measureable
amount of productive area that is available to
generate these resources and to absorb waste.

As well as variation in average per capita
footprint amongst countries, there is also
considerable variation amongst individuals
within countries. The footprint of many African

shown in Figure 5 have an Ecological Footprint
greater than the global per capita available
biocapacity of 1.8 gha. In 2008, Eritrea had the
lowest per capita footprint at 0.7 gha.

Figure 5. Ecological
Footprint per
country, per
person, 2008
(Global Footprint
Network, 2011). The
horizontal line shows
the globally available
biocapacity of 1.8
global hectares
per person

Biocapacity (gha per capita)

million gha. The average available per capita
biocapacity in Africa is 1.5 gha which is lower
than the world average of 1.8 gha.

Taking into account differences between
average African yields and corresponding global
yields for cropland, grazing land, forest, and

its continental shelf and inland waters.

The biocapacity of an area, country or region is
a function of its bioproductive area and of the
productivity of that area. Africa comprises 2,960
million hectares of land, of which 1,873 million
hectares are bioproductive or used as built-up
land. Of this bioproductive land area, 681 million
hectares are forested, 251 million are cropland,
and 909 million are grasslands. Africa has 192

A total of 27 of the 45 countries shown in Figure
6 have available biocapacity per capita within
their national borders of less than 1.5 gha per
capita. This compares to 78 of the 151 countries
for which data are reported worldwide.

At the other end of the scale, countries with
lowest per capita biocapacity are often relatively
densely populated or have unfavourable
environmental conditions, such as low yearround rainfall, that affect their productivity.

leaders like Mauritania and Botswana while

grounds and grazing lands. Grazing land makes

Gabon – the country with the highest biocapacity

nations with high per capita biocapacity such
as the Republic of Congo and Central African

Figure 6. Biocapacit y
per countr y, per person,
2008 (Global Footprint
Network, 2011)

Green infrastructure for Africa’s ecological security
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Figure 7. Histor ical
trends in footprint
by land use type
(1961-2008) showing
“business as usual”
projections for 2015,
2030, and 2045 (billion
gha) (Global Footprint
Network, 2011)

The Ecological Footprint of all African countries
taken together increased by 238 per cent between
1961 and 2008. This increase is largely a result
of population increase over the same period.
The average per capita footprint on Africa has
actually declined by about 5 per cent over the
same period, while in all other regions of the
world it has increased.

both the ongoing growth in Ecological Footprint
and the change in the composition of
Ecological Footprint.

Figure 7 shows how Africa’s demand for
goods and services has changed between 1961
and 2008, and how it is projected to change
between 2008 and 2050 based on a “business

Humanity’s Ecological Footprint more than doubled
between 1961 and 2008, taking the world as a whole into
ecological overshoot in the early 1970s.

Section 1: Ecological wealth and human prosperity

The small reduction in per capita footprint
masks an increase of 122 per cent in the per
capita carbon footprint, representing an eightfold increase in Africa’s overall carbon
footprint between 1961 and 2008. Carbon now
accounts for 20 per cent of Africa’s Ecological
Footprint compared to a global average of 55
per cent. The per capita cropland footprint
increased by 15 per cent, representing a
four-fold increase in Africa’s total cropland
footprint. Cropland accounts for 35 per cent

billion gha

Carbon
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available within its borders, by 2015.

Looking ahead and assuming that growth is not
curbed by resource constraints, Africa’s total
Ecological Footprint is projected to double by
2040. Based on 2008 bioproductivity values,
Africa as a whole is projected to be in biocapacity

of Africa’s Ecological Footprint compared to
22 per cent globally.

Africa has experienced an increase in total
biocapacity of about 30 per cent between
1961 and 2008, mainly as a result of increased
agricultural production. However, these
production gains have not kept pace with
increasing demand and available per capita
biocapacity has declined by dramatically over

Several countries in Africa like many elsewhere
in the world are already “biocapacity debtors” –
countries whose consumption patterns cannot be
supported by their internal biocapacity.

Figure 8. Biocapacit y
creditor and debtor
countries, 1961 and
2008. The biocapacity
creditor and debtor map
compares the Ecological
Footprint of consumption
with domestic biocapacity
(Global Footprint
Network, 2011)

biocapacity exceeds their domestic production.

A total of 37 countries in Africa have a cropland

2008, compared to just seven in 1961. Africa’s
20 biocapacity creditors have also seen a
sharp reduction in the gap between available
biocapacity and Ecological Footprint.

Of the 45 countries for which data was

the same period – to just 37 per cent of its
1961 value.

(gha per capita)

Some countries and regions compensate for
biocapacity shortfalls by importing goods and
services from elsewhere. However, in a context
of global overshoot, natural resources in many
countries are being depleted and the environment
is degraded as a result of over-extraction.

Green infrastructure for Africa’s ecological security
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is dependent on
imported biocapacity
to support its
consumption
patterns and
whether demand
placed on Africa’s
resources by
other countries
is contributing to

Trade data allow

Biocapacity imports and exports have both
experienced growth in Southern and Central
Africa with imports gradually catching up with
exports between 1961 and 2008. In contrast, a
roughly ten-fold increase in imports by East and
North Africa over the same period means imports

At the regional level, Africa has been a net
importer of biocapacity since the mid-1970s and
by 2008, biocapacity imports of an average of
0.29 gha per person were more than twice the
magnitude of exports of 0.14 gha per person.
At 0.15gha per person, Africa’s net biocapacity of
imports totaled 145 million gha in 2008 and were
equivalent to 10.3 per cent of its total Ecological
Footprint.

Globally, the footprint of goods and services
traded between nations represented more than
40 per cent of humanity’s total Footprint in 2005,
compared to 8 per cent in 1961 (WWF, 2008).
Africa’s biocapacity imports and exports have
both increased substantially since 1961 (Figure 9).

Biocapacity debtor and creditor countries alike are
increasingly relying on international trade to support
their consumption patterns and preferences.

Section 1: Ecological wealth and human prosperity

a high market value and importing larger
quantities with a lower market value. In contrast,
the Southern Africa sub-region is a net exporter
of biocapacity with exports of carbon, forest and

such as Nigeria, Ghana and Côte d’Ivoire to

Figure 10 shows a breakdown by land use
component of biocapacity imports and exports
for each sub-region. Cropland accounts for
the largest share of Africa’s net biocapacity
imports and totaled a massive 53.5 million gha
in 2008, with the majority of imports destined
for North Africa where water scarcity limits crop
production. Importing substantial embodied
carbon and grazing land imports, North
Africa accounted for two-thirds of Africa’s net
biocapacity imports in 2008. Ranking second
in total net imports, West Africa’s net imports
included 18 million gha of embodied carbon and

have substantially outstripped exports; a trend
that has accelerated in the 21st century. West
Africa has also seen imports outpace exports

and many other countries are using imports
to meet shortfalls in particular biocapacity
components. However, this dependence on
other countries to meet consumption patterns
is increasingly risky in a resource-constrained
world – particularly where commodity prices are
volatile and subject to increased speculation.

demand for goods and services without drawing
down their natural capital, or experiencing local
effects of overshoot. Three biocapacity debtor
countries – Gambia, Senegal, and Somalia – have

From a strategic perspective, importing embedded
footprint through trade can help individual

extraction and trade is also costing African
countries many millions of dollars each year.

was estimated in 2005 to represent a cost of
almost US$1 billion dollars a year (MRAG,
2005) equivalent to over 25 per cent of the value

statistics and probably underestimates the extent
to which other countries are drawing on Africa’s
biocapacity. For example, illegal, unreported

be compared to the 251 million ha of cropland
exploited in 2008. Much of this land remains
underdeveloped and related exports are not

Commercial land leasing, or ”land grabs”,
represent another way by which countries
can appropriate biocapacity and associated
water resources from other parts of the world,
often with long-term obligations. The High
Level Panel of Experts on Food Security and
Nutrition (HLPE, 2011) reported that twothirds of the estimated 50-80 million hectares
acquired as investments in recent years are
in sub-Saharan Africa. Other studies place
this as high as 134 million ha in the decade to

Conversely, export of goods and services places
additional demand on renewable resources
that many countries can ill-afford to spare.
Only two of Africa’s 25 biocapacity debtors –
South Africa and Swaziland – are currently
net exporters of biocapacity, but in the face of
growing domestic and international demand
for goods and services, the trade-off between
generating revenues from exports and meeting
local demand will become increasing acute in
the coming decades.
Figure 9.
Biocapacit y
imports
and expor ts
(1961-2008) for
Afr ica. 40 of the 45
reported countries
were net biocapacity
importers in 2008.
(Global Footprint
Network, 2011)

Biocapacity in trade (million gha)

Figure 10.
Biocapacit y
imports and
exports by
sub-region, 2008
(Global Footprint
Network, 2011)

Exports by subregion and component (million gha)

Imports by subregion and component (million gha)
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Figure 11. Water
Footprint per
person per
country, showing
agricultural,
industrial and
domestic usage
(Average over
period 1996-2005)
(Hoekstra and
Mekonnen, 2012)

The Water Footprint measures the total volume
of water that is used to produce the goods and
services that we consume. It includes the water
withdrawn from rivers, lakes and aquifers, used

Water Footprint provides a complementary
measure of human demand on natural renewable
resources, and can be compared to water
availability to determine whether a population’s
use of water can be supported by the renewable
supply.

Although water availability is vital to bioproductivity,
its use is not measured directly in the Ecological
Footprint accounts.

Section 1: Ecological wealth and human prosperity

Cubic meters per capita per year

Figure 11 shows the average water used to
produce the agricultural, industrial and
household goods and services that are consumed
by individuals in African nations. It includes
goods and services produced locally as well as
those imported from other countries. Most of

Water use varies greatly among countries and
among communities and individuals within
countries. Agricultural production accounts
for 92 per cent of the global Water Footprint;
industrial production contributes 4.4 per cent
and domestic water supply 3.6 per cent (Hoekstra
and Mekonnen, 2012).

in agriculture, industry and households, as well
as the water from rainfall used for growing crops
and livestock fodder.

as in the origin of goods being consumed – since
water intensity in crop production varies greatly
between countries.

the variation between countries is accounted
for by differences in water use in agricultural

Grey Water Footprint: The volume of
water required to dilute pollutants released in
production processes to such an extent that
the quality of the ambient water remains above
agreed water quality standards.

Remaining fresh and quality flows for aquatic ecosystem and other uses

Household water use

Industrial water use

Irrigated agriculture

Irrigated agriculture

Rain-fed agriculture

Forest, grazing lands, barren
lands etc...

Figure 12. Components of the Water Footprint

Green Water Footprint: The volume of
rainwater that evaporates during the production
of goods; for agricultural products, this is the
rainwater stored in soil that evaporates from

three components:

The calculation of Water Footprint is based on
the Water Footprint of Production or the volume
of freshwater used by people to produce goods,
measured over the full supply chain, as well
as the water used in households and industry,

Blue Water Footprint: The volume of
freshwater withdrawn from surface or ground
water sources that is used by people and not
returned: in agricultural products this is mainly
accounted for by evaporation of irrigation water

Green infrastructure for Africa’s ecological security
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Figure 13. Blue,
Green and Grey
Water Foot prints of
Production in million
cubic meters per year
(average for the per iod
1996-2005)

A total of 91 per cent of water use in agriculture
comprises “green water”, or soil moisture, which

The Water Footprint of Production allows us
to look at the water being used by agriculture,
industry and households in a given country or
region – irrespective of where the resulting
goods or services are consumed (Figure 13).
Agriculture takes the largest share of water use in
Africa, accounting for 97.5 per cent of water use.
Industrial production uses 0.7 per cent of water,
and domestic water uses 1.7 per cent.

In a context of increasing competition for water
resources, understanding the nature of water use provides
a basis for effective water management and allocations.

Section 1: Ecological wealth and human prosperity

Water footprint of production
Million m3 per year

Blue water use in irrigation accounts for 32 per
cent of agricultural water used in North Africa
compared to just three per cent in sub-Saharan
Africa – where just a handful of countries are
utilizing extensive irrigation. With demand
representing over 40 per cent of blue water supply
(measured as internally renewable resources), the

is supplied by rainfall. At the same time there
is substantial uncertainly around the effects of
climate changes on precipitation and run-off in
Africa. The Intergovernmental Panel on Climate
Change (Bates et al, 2008) suggests it is likely
that there will be an in increase in the number
of people experiencing water stress on an annual
basis in southern and northern Africa, and a
reduction in eastern and western Africa.

as well as strategies to optimize use of green
water resources will both be required to ensure
food security.

Elsewhere in Africa year-round pressure on
blue water resources remains low, suggesting
there is potential to increase irrigation in suitable
areas without seriously impacting downstream
users and ecosystems. However, with

included in Figure 15, as well as Sudan, are facing
acute water scarcity. South Africa and Mauritius
are experiencing moderate water stress where
blue water demand exceeds 20 per cent of supply.

show that nine of Africa’s eleven largest river
basins (over 200,000 km2) experience blue water
scarcity during at least one month of the year.

A recent analysis by the Water Footprint
Network, The Nature Conservancy and WWF
(Hoekstra et al., 2012) analysed where and
when blue water footprint exceeds blue water
availability in the world’s major river basins after
setting aside a conservative allowance to ensure

users of their livelihoods and damage or even
destroy downstream ecosystems. Determining
whether water withdrawals and demand for
water uses are competing and likely to impact
ecosystem services requires looking beyond the
traditional measures of water scarcity to consider
water availability on a year-round basis within
individual basins.

Water availability varies on a seasonal basis in
many river basins, and extracting water during

between different water users and avoid major
or irreversible changes in ecosystem
structure and function.

These results underscore the importance of
planning water allocations for irrigation and
other purposes on a monthly rather than

More northerly basins like the Senegal,
Volta, Niger, Lake Chad, Nile and Shebelle
suffer severe blue water scarcity in February
or March due to low run-off while in other
months scarcity is less serious. In the Orange
and Limpopo River basins, water scarcity
occurs in September and October, the period
when the blue water extraction is highest
while run-off is lowest.

quality of water
is channelled into
agriculture (Hoekstra
et al., 2012)

water scarcity

Figure 14.
Number of
mont hs dur ing
the year in which
the blue water
footprint exceeds
blue water
availabilit y for
Afr ica’s major
river basins, based
on the period of
1996-2005. Some
of these basins are
in arid areas while

Green infrastructure for Africa’s ecological security

21

22

However relying on the water resources of other
nations to meet their own domestic needs can
also be viewed as a risk. D’Odorico et al. (2010)
have argued that globalization of water resources
through trade has reduced societal resilience
to drought-induced crop failure since virtual
water imports have allowed growth in dryland

Agricultural products account for the largest
share of virtual water globally, and it is not
surprising to see that North and Southern Africa
– the two sub-regions that import substantial
cropland biocapacity – are also importing
large quantities of virtual water. Hoekstra and
Mekonnen (2012) suggest that in water-scarce
countries, import of virtual water is likely to
have positive environmental, social and
economic implications.

Figure 15 shows the “virtual water balance” of
African countries over the period 1996 to 2005.
Countries shown in red are net importers of
virtual water, where imports exceed exports,
while those in green are net water exporters.

International trade statistics combined with Water
Footprint data can be used to calculate the volume
of embodied or virtual water used in trade.

Section 1: Ecological wealth and human prosperity

trade patterns of the 21st century.

Several countries in Africa are both net importers
of cropland and grazing biocapacity, and net
water exporters. This implies that they are
exporting products that are more water intensive
to produce, than those they are importing.
Trade in virtual water is considered to be largely
incidental in current trading patterns. However,
as water scarcity is predicted to increase in the
face of growing populations and climate change
in Africa and around the world, water-wise

populations. This means that when
drought is experienced, there are less likely to
be under-utilized water resources in local
systems to provide a buffer against crop failure.

in yellow to red are net
importers of virtual water

The countries shown in
green have a negative
balance, which means that
they have net virtual water

Figure 15. Virt ual water
balance for African
countries related to trade
in agricultural and industr ial
products, over the period
1996-2005 (Mekonnen and
Hoekstra, 2011)

Figure 11.

No data

between 50 and 115

between 15 and 50

between 10 and 15

between 5 and 10

between 0 and 5

between-5 and 0

between -15 and -5

between -35 and -15

Net virtual water imports
(Gm3/yr)

Rwenzori Mountains,
Uganda. WWF has helped
574 farmers in the region
plant 700,000 trees in
its 5-year programme to
replenish the bare hills.
Many farmers in the
region are switching to
“drought-resistant” crops
that include pineapple,
mangoes, bananas,
oranges and upland rice
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Fish farming in Mellah Lake, El Kala National Park, Algeria

productivity – the Earth would be uninhabitable.

Without ecosystems and the services they provide – such

Section 1: Ecological wealth and human prosperity

© Michel Gunt her / W WF-Canon

The harmful effects of the
degradation of ecosystem
services are being borne
disproportionately by the
poor, and are sometimes
the principal factor causing

ecosystem services (MEA, 2005).

The Millennium Ecosystem Assessment
described four categories of ecosystem services
that contribute to human well-being and which
underpin our livelihoods and economies. The
assessment highlighted that, in a world in
which inequities are growing, many people do

The Economics of Ecosystems and Biodiversity
(TEEB) study referred to the nature’s capacity
to provide such services as “ecological
infrastructure” and highlighted that ecosystem
conservation and restoration support a range
of policy goals – including food security,
urban development, water treatment, regional
development, and climate change mitigation and
adaption (TEEB, 2010).

The harmful effects of the degradation
of ecosystem services are being borne
disproportionately by the poor, and the
Millennium Ecosystem Assessment found that
these are sometimes the principal factors

basis for rural livelihoods and resilience. In rural
areas, ecosystems provide a wealth of everyday
products including fuel wood, medicines,
bushmeat and honey that are often overlooked
in standard accounting systems and thus
undervalued. Recognizing the important role
ecosystem services play in rural development is
critical to securing sustainable livelihoods.

Rural populations – particularly poorer
households and women – are most directly
reliant on ecosystem services and are particularly
vulnerable to changes in ecosystem conditions.
Ecosystem services underpin natural resource
dependent industrial sectors such as agriculture,

Cultural services:
such as recreational, educational, aesthetic

Basic ecological
functions and processes that are necessary
for the production of all other ecosystem
services such as nutrient cycling,
photosynthesis and soil formation.

climate regulation and crop pollination.

from the regulation of natural processes such

Products directly obtained from ecosystems
such as food, medicine, timber,

Ecosystem services is the term used to describe
the goods and services provided by ecosystems.
The Millennium Ecosystem Assessment (MEA)
describes four categories of ecosystem services:

Figure 16.
Ecosystem
ser vices in
Afr ica

Water towers in Guinea
the Fouta Djallon
highlands in Guinea are
the source of half of West
Africa’s rivers, including
seven international rivers

Mountain gorilla
Each mountain gorilla is estimated
to generate $1 million per year in
tourist revenue for the Ugandan
economy. (Source: ht tp://wwf.panda.
org/?uNewsID=201576)

Forests
Africa’s forests stock
some 98 billion tonnes
of carbon, equivalent
to 145 tonnes per
hectare. Fifty six billion
tonnes is stocked in
biomass, 34 billion in
soil, and 8 billion in
dead wood and litter

Fisheries
In 2008, inland capture
fisheries in Africa yielded
two and a half million
tonnes, nearly a quarter of
the world total

Medicine
Long used in traditional medicine, the Madagascar
periwinkle (Catharantus roseus) is the source
of alkaloid compounds used in the treatment of
numerous illnesses including diabetes and cancer.
Survival rates for childhood leukaemia have
increased from 20 to 80 per cent as a result of the
plant’s therapeutic properties

Coral reefs
support artisanal
and commercial
fisheries, protect
coasts, absorb
carbon dioxide and
are the basis for a
thriving recreational
and tourism sector.
The total economic
value of the 12,000
km2 of coral reefs in
the Western Indian
Ocean is estimated
to be US$7.3 billion
per year

Green infrastructure for Africa’s ecological security
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Humanity’s appetite for goods and services
has a range of impacts on ecosystems and
species. The Millennium Ecosystem Assessment
(2005) found that “over the past 50 years,
humans have changed ecosystems more rapidly
and extensively than in any comparable period
of time in human history, largely to meet
rapidly growing demands for food, fresh water,

African Women mixing mortar for cistern Lake Nakuru, Kenya

Between 2000
and 2010, Africa
lost an average of
3,414 ha of forests
annually, equivalent
to just under 0.5
per cent of its forest
cover per year
(FAO, 2010a)

Development Goals to reduce poverty, hunger, and
disease” (MEA 2005) .

“The loss of services derived from ecosystems is a

Section 1: Ecological wealth and human prosperity
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degradation of ecosystem services as well as a
source of market failure (TEEB, 2010).

We take ecosystems for granted, overlooking
environmental externalities and all too often we
appreciate their values only after we have lost
them. Yet it is usually much more expensive to
replace or restore ecosystem services once they
are lost, than to manage human activities to
avoid or minimize impacts. Failure to account
for the values of ecosystems and environmental
externalities associated with human activities

fragmentation or change; overexploitation of
species; pollution; the spread of invasive alien
species; and climate change, all of which have
their origins in human demands placed on the
biosphere (Figure 17). The resulting erosion
of ecosystem services has direct consequences
on human well-being since it affects security
such as access to resources; basic material needs
such as food and shelter; and, health, such as
access to clean water (MEA, 2005).

The causes of biodiversity loss can be broadly

© Jason Rubens / W WF-Canon

to humans and other species. Conversely,
more diverse systems are more resilient and
better able to recover from natural shocks
and anthropogenic pressures. As climate
change compounds existing pressures on
ecosystems, maintaining and enhancing
the ability of ecosystems to withstand
pressures is one of the foundations of climate
adaptation strategies.

Species are the building blocks of
ecosystems, and the health of ecosystems
depends on species diversity as well as the
abundance of individual plants and animals
and the relationships between these. Loss
of biodiversity causes ecosystems to become
stressed or degraded and ultimately to

Figure 17. Human activ ities, biodiversit y, ecosystem ser vices and well-being
(WWF, 2012; MEA, 2005)
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The Africa index includes all species populations
with available data from the Afrotropical realm,
populations from the Palearctic realm that are
located in North Africa, and marine species
populations from the southern Mediterranean
Sea, western Indian Ocean and eastern Atlantic.
The Africa index is based on 1,299 populations
from 373 species. The Africa index shows a
steady decline in vertebrate abundance from
1970 to 2008 (Figure 19).

The latest Living Planet Index suggests that
across the globe, vertebrate populations are on
average a third smaller than they were 38 years
ago. This is based on trends in 9,014 populations
of 2,688 mammal, bird, reptile, amphibian,

the health of the planet’s ecosystems by tracking
the fate of more than 9,000 populations of
vertebrate species to evaluate the change in size
of wildlife populations over the past 38 years.

Tracking the health of the Earth’s biodiversity is essential
to understand how it is changing and devise effective ways
to counter the impacts of humans on wildlife and ecosystems.

Section 1: Ecological wealth and human prosperity

Index value (1970 = 1)
Index value (1970 = 1)

indicates there has been
an overall reduction of
39 per cent in animal
populations over the
38 year period (WWF/
ZSL, 2012)

Figure 19.
Afr ica’s Living Planet
Index (1970 – 2008).

limits surrounding
the trend – the wider
the shading, the more
var iable the underlying
trend

Figure 18.
The Global Living
Planet Index (1970 –
2008).
a decline of around 30
per cent from 1970 to
2008 (WWF/ZSL, 2012).
Shading, on this and the

The calculation
for the Africa LPI
followed the same
process for that
of the global
biogeographic
realms so that
each species carries
equal weight within

to the population rather than to the species,
and some migratory species, such as freshwater
mullet
may have both
freshwater and marine populations, or may be
found in both tropical and temperate zones.

to two characteristics: whether it is tropical or
temperate; and whether it is freshwater, marine

Each of the individual populations within the

realms, and marine species, populations found
between the Tropics of Cancer and Capricorn.
The temperate index includes terrestrial and
freshwater species, populations found in the
Palearctic and Nearctic realms and marine
species, populations to the north or south of
the tropics.

The tropical index includes terrestrial and
freshwater species, populations found in the

The Living Planet Index is a composite index that
tracks trends in a large number of populations of
species from around the world. The global Living
Planet Index is an aggregate of two indices, the
tropical index and temperate index, which are
given equal weight.
data are available. The calculation for the Africa
LPI followed the same process for that of the
global biogeographic realms so that each species
carries equal weight within the Africa index.

Regional, biome and taxonomic indices can be
Figure 20. Exploring t he
Living Planet Index
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Hunting and trapping provides an important
contribution to livelihoods in Africa
but increasing demand combined with

Africa than in other parts of the world, but
is expected to be a rising concern in view of
rapid urbanization and expansion of cities in
vulnerable areas such as coastal zones.

Also associated with habitat destruction,
residential/commercial development is less

and urban waste water.

affecting threatened vertebrates, followed by

The top two threats to species in Africa, like the
rest of the world, are agriculture and logging,
both of which are associated with destruction
or substantial alteration and fragmentation
of natural habitats. Agricultural and forestry

endangered (EN), or vulnerable (VU) on the
IUCN Red List. Many populations and species
are subject to more than one type of threat over
their range. For example, the forest elephant
(
) is primarily affected by
habitat destruction and reduction of its range in
West Africa, while poaching is a greater concern
in Central Africa.

threats to the 1,780 African vertebrates that

Section 1: Ecological wealth and human prosperity

Finally, climate change is an emerging threat
to species throughout Africa, with substantial
changes to habitats and water availability
expected to compound the effects of reduced
ranges and direct pressures on species.

commercialization of a formerly subsistence
activity has put pressure on species in many
countries, especially in peri-urban areas.
Growing illegal wildlife trade is pushing
some of Africa’s most iconic species towards
extinction.

Figure 21: Proportion
of ver tebrate species
af fected by different
ty pes of t hreats in
Afr ica.
based on an assessment
of 1780 species (962
terrestrial, 964
freshwater and 162
marine, with some species
occur ring in multiple
systems) (ZSL, 2012 based
on IUCN 2011)

© Hervè Moran d / W WF

include increasing institutional capacity and
resourcing for wildlife law enforcement, and
ensuring wildlife criminals are penalized to the
full extent of the law.

Wildlife crime undermines governments’ efforts
to halt other illicit trades, such as arms and
drugs; facilitates the growth of organised crime;

The increasing large-scale ivory seizures are
evidence of the growing involvement of wellorganized criminal networks in illegal wildlife
trade, now the 5th largest illicit transnational
activity, worth US$7.8-10 billion per year. As a
result, populations of several African species are
plummeting. Elephant populations in Central
Africa alone are estimated to have declined by
more than 50 per cent between 1995 and 2007,
primarily due to poaching.

There has been a dramatic upsurge in poaching
and illegal trade in recent years. Rhino poaching
in South Africa increased by 3,000 per cent
between 2007 and 2001. Large-scale ivory
seizures in 2011 were the highest ever recorded.

Poaching and illegal wildlife trade is one of the
greatest threats to many of Africa’s charismatic,
valuable and ecologically important species.
Products such as elephant ivory and rhino horn
are in great demand in Asia for ornamental or
medicinal purposes.

Green infrastructure for Africa’s ecological security
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Figure 22. Ecological
Footprint by
geographic
grouping, 1961 and
2008. The area within
each bar represents
the total footprint for
each region (Global
Footprint
Network, 2011)

1961

Population (millions)

In Caring for the Earth, published shortly before
the 1992 Rio Conference on Environment and

The alternative is one of foreclosed development
options and lost potential.

However, achieving this will require a radical
departure from “business as usual”. The
following sections will explore the factors which
determine Ecological Footprint and biocapacity,

Ecological foorprint (gha per capita)

Another path
is possible that
combines gains in
HDI with limited
growth in per
capita footprint

With their relatively low footprints, African nations
are well-placed to fashion new development pathways
that are more sustainable than those taken elsewhere.

Section 1: Ecological wealth and human prosperity

2008

Population (millions)

The HDI combines measures of income,
life expectancy and educational attainment
to compare countries’ economic and social

Countries’ progress towards sustainability can be
assessed using the United Nations Development
Programme’s (UNDP) Human Development
Index (HDI), as a measure of quality of life, and
Ecological Footprint, as a measure of demand on
supporting ecosystems (Figure 23).

sustainable development as a commitment to
“improving the quality of human life while
living within the carry capacity of supporting
ecosystems”.

Ecological foorprint (gha per capita)

Figure 22 shows the combined effects of change
in per capita footprint and population on the
total Ecological Footprint in different regions.
Per capita footprint has increased in all regions
except Africa, but Africa’s overall Ecological

Figure 23 shows that many countries’
development trajectories have taken them
away from sustainability, with crucial gains in
IHDI achieved at the expense of substantial
increases in footprint. Extended worldwide, these
development pathways would lead to increased
overshoot and further deplete the natural capital
upon which human well-being depends. However,
other countries, such as India, have achieved
tremendous gains in HDI with a relatively small
increase in per capita footprint.

At the same time, a per capita Ecological
Footprint of less than 1.8 gha – the value
corresponding to the available per capita
biocapacity on the planet – meets the minimum
condition for global sustainability in that it is
replicable at the global level.

development. A more recent measure, the
Inequality-adjusted HDI (IHDI) accounts for
the inequality in attainment of education, life
expectancy and income – which is greater in
lower income countries than in higher income
countries (UNDP, 2011). An HDI value of 0.8 or
more in the 2007 Index is considered to represent
“high human development” (UNDP, 2009).

© Jo hn E. Newby / WW F-Cano n

Children present saplings from a WWF-funded nursery
in the Udzungwa Mountains, Tanzania
Low Human
Development

Medium
Human
Development

High Human
Development

Very High
Human
Development

Ecological foorprint (gha per capita)
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The following pages look at these factors in more
detail and identify some of the drivers associated
with increasing footprint, and at the trade-offs
involved in managing biocapacity.

On the supply side, biocapacity is determined
by the amount of biologically productive area
available, and the productivity of that area.
However increases in either factor sometimes
come at the expense of greater resource
use or waste emissions, or attrition of
ecological services.

emitted in production of goods and services
all result in a smaller footprint.

On the demand side, the footprint is a function
of population size; the quantity of goods and
services consumed by each person; and the
resource and waste intensity associated with
production of these goods and services. Lower
population and individual consumption, more

Population growth: The total number
of people is one of the strongest drivers of
the increasing global footprint.

Bioproductivity per hectare: An area’s
productivity depends on the type of ecosystem
and the way it is managed.

accumulated biomass that is used by people.

Bioproductive area: The land and water
(marine and inland) area that supports

Bringing an end to global overshoot means closing the
gap between humanity’s footprint and available biocapacity.
Five factors determine the size of this gap.

Section 1: Ecological wealth and human prosperity

Population x Consumption
x Footprint intensit y

(DEMAND) =

ECOLOGICAL FOOTPRINT

BIOCAPACITY (SUPPLY) =
Area x Bioproductivity

Figure 24. Factors
dr iving Ecolog ical
Footprint and
biocapacit y (Global
Footprint Network, 2011)

Footprint intensity:
which natural resources are converted into
goods and services affects the size of the
footprint of every product consumed.

Per capita consumption of goods and
services: The basic necessities of life, such
as food, shelter, fresh water and clean air
are produced either directly or indirectly by
ecosystems.

OVERSHOOT

services from other countries or overexploiting
their natural resources, risking an associated
decline in ecosystem services.

By 2050, Africa’s population is projected to
reach between 1.93 and 2.47 billion people
compared to 1.02 billion in 2010 and 0.294
billion in 1961 (Figure 26). As populations rise,
there is less biocapacity available to meet the
needs of each individual. The more than threefold increase of Africa’s population between
1961 and 2008 has been accompanied by a
two-thirds reduction in the available per capita
biocapacity. An increasing number of countries
in Africa are facing the choice between meeting

Figure 25 shows the relative contributions of
population and average per capita footprint in
driving growth in the total footprint in African
nations between 1961 and 2008. With the
decline in per capita footprint, it is clear that the
principal driver of change in Africa’s Ecological
Footprint is increasing population. In contrast,
increasing individual consumption levels have
played a more important role in driving the
increase in footprint in high income countries
(WWF, 2012).
challenge faced by African governments and
the development community in meeting the
Millennium Development Goals. Important
advances across a wide range of development
fronts have been surpassed by the increase in
demand for goods and services. For example,
while net agricultural production in Africa has
more than trebled since 1961 and per capita
agricultural production has risen in North and
West Africa, it has declined in Africa as a whole.
In 2010, 239 million of the estimated 925 billion
undernourished people in the world were in subSaharan Africa, equivalent to 30 per cent of the
population in this region (FAO, 2010b).

There is substantial variation amongst countries
and regions in the extent to which the relative growth in
population and average per capita footprint contribute
to the overall growth of demand.

Indexed value (1961 = 1)
Population millions

Figure 26. Population
growt h in Africa
from 1960-200 and
projected population
growt h from 2010
to 2050 based on
low, medium and high
population scenarios
(UN DESA, 2011)

Figure 25: Index
of population,
Ecological Footprint,
per capita Ecological
Footprint, and
per capita
biocapacit y, Africa
(1961-2008) (Global
Footprint Network, 2011)
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At the same time, with tens of millions of people
living in unregulated and un-serviced slums,
African cities have the highest level of inequality
in the world (UN Habitat, 2010). The need to
improve living standards for the roughly 72 per
cent of urban dwellers in sub-Saharan Africa
living in slum conditions (UN Habitat, 2003) is
accentuated by their greater vulnerability to the
effects of climate change .

Urbanization is associated with changing
lifestyles and demand for services. Around the
world, the relative wealth of urban populations
is associated with higher per capita carbon
footprints, as a result of increased energy
consumption and/or a shift to energy sources
such as fossil fuels with higher carbon emissions
(Poumanyvong and Kaneko, 2010). Urban
demand for electricity will represent about 90 per
cent of total power generation by 2030, but there
is scope to meet much of this demand through
renewable energies.

The urban population in Africa is projected to
reach 1.23 billion people in 2050; nearly three
times its 2010 level of 413 million and equivalent
to 61.6 per cent of Africa’s total population (UN
DESA, 2009b). By 2050, Africa will have a higher
number of people living in cities than Europe,
Latin America or North America.

Urban populations are growing rapidly in Africa and
will continue to do so as a result of intrinsic growth,
displacement and migration (Parnell and Walawege, 2011).

Section 1: Ecological wealth and human prosperity

In view of the pivotal role played by energy
services, managing the Ecological Footprint
of urban areas often goes hand in hand
with greenhouse gas mitigation. Similarly,
adaptation initiatives in cities, such as those
designed to reduce vulnerability associated
with development in sensitive areas or sourcing
of materials, can reduce the impact of urban
populations’ footprint in their immediate and
surrounding rural areas.

Cities can also be part of the solution. The
increasing concentration of growing demand
for goods and services provides opportunities
to manage footprint growth and achieve
economies of scale in service delivery through
urban planning and design measures and
greener infrastructure – particularly in the
building, transport, energy supply and waste
management sectors.

Figure 27. Projected
growt h in urban and
rural populations
to 2050
(UNDESA, 2009)

Population in millions

would reduce energy users’ costs and increase their
competitiveness; provide savings for power systems
in terms of managing peak loads; and, allow more
users’ needs to be met for each dollar invested in
infrastructure (UNIDO and REEEP, 2009).

At the same time, Africa is among the regions
with the highest energy intensity per unit of Gross
Domestic Product (GDP) in the world (Enerdata,

(AfDB, 2008).

Overall, however, Africa’s citizens have lower
average per capita energy consumption than any
other region, and expanding access to modern
and clean energy services is a development
priority. Electricity accounts for less than 3 per

Biomass currently provides over 80 per cent of total
primary energy supply to households across subSaharan Africa (excluding South Africa) (AfDB,
2008) and will continue to play an important role
in the years to come. Fuelwood for household use
and charcoal production is often harvested at
unsustainable rates and has become a driver for
Consumption of electricity is projected to increase
forest degradation and conversion – especially
more than six-fold over the next decades with
around urban centres (Denruyter et al., 2010). A
more than 80 per cent of the new demand in
move away from traditional biomass towards other
urban areas (AfDB, 2008).
energy sources, including more sustainable wood
Much of this demand could be met through
supply chains, would reduce pressure on forests
renewable energies averting the carbon-intensive and cut CO2 emissions related to land use change
energy patterns seen in most industrialized
as well as black carbon emissions associated
countries (UN DESA, 2004). Development of
with global warming and health impacts. Known
a low carbon economy can create direct and
technologies including on-farm agroforestry
indirect opportunities for entrepreneurship
and employment and improve Africa’s global
competitiveness. Africa’s renewable energy
biomass in improved stoves can help improve the
potential is largely untapped, and includes hydro- entire biomass supply chain.
power, geothermal energy, solar and wind power,

whose energy economies are dominated by
fossil fuels, and accounts for over 50 per cent of
footprint in South Africa and Libya. Africa’s CO2
emissions from fossil fuels account for just 2.5 per
cent of the global total.

In Africa, carbon represents the largest footprint

Globally, carbon is the most rapidly growing component
of Ecological Footprint – with much of the increase
driven by emissions from burning oil, gas and coal for
energy generation.
Projected electricity demand (TWh)
Axis title: Access to electricity (%)

electr icity (per cent
of the population)
(AfDB, 2008).

Figure 29.

Figure 28.
Projected growth
in demand for
electr icity, 20072050 (AfBD, 2008)
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agriculture, including
wise water use,
can contribute to
food security and
maintainance of
biocapacity

Sustainable

Some estimates place the potential area for
expansion of rainfed agriculture outside
protected and forested areas in Africa as high
as 200 million ha (e.g., Deininger and Byerlee,

In Africa, the area under agricultural
production increased by roughly 35 per cent
between 1961 and 2005 (HLPE 2011), with the
majority of expansion accounted for by forest
conversion. Permanent and shifting agriculture
is the principal driver for land use change and
deforestation in Africa, and is largely responsible
for the region’s 17 per cent share of global CO2
emissions from land use change (Denruyter
et al., 2010).

Overshoot can also be reduced by increasing
the bioproductivity of ecosystems, and by
extending the bioproductive area. Most of the
past gains in biocapacity around the world have
been associated with increased agricultural
productivity, either by expansion in the area
under agriculture or by increased yield and
cropping intensity.

Managing these drivers is fundamental to
halting and eventually reversing overshoot at
the global level.

footprint intensity and growth in footprint.

The above sections have focused on the main drivers

Section 1: Ecological wealth and human prosperity

include over-cultivation leading to soil
exhaustion; overgrazing, leading to loss of

In many areas bioproductive land has been
depleted as a result of urbanization or

minimize the need for these inputs and generate
positive environmental externalities (e.g.,
Foresight 2011a).

with increased use of costly and energy
intensive fertilizers, with pollution from
pesticides, and with increased water abstraction
for irrigation, which can have negative
environmental externalities. However there is
a growing body of knowledge and good practice

current values (Foresight, 2011b).

of agriculture through increased yields and
cropping intensity is the preferred option (e.g.,
Foresight, 2011a, HLPE ,2011, UN Habitat and
UNEP, 2010). For example, current yields for
maize, oil palm, soybean and sugar cane in Africa

There is now a growing consensus that expansion
of agriculture comes at the cost of loss of vital

2011). However this has been challenged in view
of the assumptions related to low population
density, the suitability of terrain and soils, water
availability, and concerns about loss of ecosystem
services (e.g., HLPE, 2011).

Man spraying crops,
Lake Bogoria, Kenya
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