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INTRODUCTION

While the state of the Earth’s natural ecosystems has declined by about 33 per cent over the
last 30 years (see Figure 1), the ecological pressure of humanity on the Earth has increased
by about 50 per cent over the same period (see Figure 2), and exceeds the biosphere’s
regeneration rate. These are the main conclusions of the Living Planet Report 2000, based
on two indices, the Living Planet Index (LPI) and the Ecological Footprint. This report has
two principal objectives: the first is to quantify changes in the state of the Earth's natural
ecosystems over time; the second is to measure the human pressures on the natural
environment arising from the consumption of renewable resources and pollution, and analyse
the geographic patterns in those pressures.

In this year’s report we have used more data to calculate the LPI, making the index
more reliable. Because the volume of data used in the LPI is much larger than before, the
index is now calculated regionally, or by ocean in the case of marine ecosystems.
However, the overall conclusion remains unchanged: the natural wealth of the world’s
forests, freshwater ecosystems, and oceans and coasts has declined rapidly, particularly
in freshwater and marine ecosystems. The Living Planet Index fell by 33 per cent between
1970 and 1999.

A new feature of this year’s Living Planet Report is the index we use to estimate the
pressure on the Earth resulting from humanity’s natural resource consumption. This is the
“Ecological Footprint”, which measures a population’s consumption of food, materials, and
energy in terms of the area of biologically productive land or sea required to produce those
resources and to absorb the corresponding waste. The calculation of the footprint leaves out
some pressures for which data are incomplete such as water consumption and the release
of toxic pollutants. This means that the results are underestimates of humanity’s full impact.

Fig. 1:
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We have calculated the Ecological Footprint for individual countries in 1996, as well as for
the world population from 1961 to 1997.

The Ecological Footprint method allows us not only to estimate the human pressures on
the Earth, but also to make comparisons between humanity’s demands on nature and the
capacity of the Earth to supply resources and assimilate waste.

In 1997, the Ecological Footprint of the global population was at least 30 per cent larger
than the Earth’s biological productive capacity. At some time in the 1970s, humanity as a
whole passed the point at which it lived within the global regenerative capacity of the Earth,
causing depletion of the Earth’s natural capital as a consequence (although locally this has
occurred many times and in many places throughout human history). This is the ultimate
cause of the decline in the natural wealth of the world’s forest, freshwater, and marine
ecosystems, as indicated by the LPI.

Secondly, the preliminary conclusion from the regional LPI analysis is that the steepest
declines in all three ecosystem types have taken place in southern temperate and tropical
regions. This does not necessarily mean that the state of southern temperate and tropical
ecosystems is worse than that of northern temperate ecosystems, but simply that the
relative decline has been greatest in tropical ecosystems over the past 30 years. The loss of
natural wealth in northern temperate ecosystems largely took place more than 30 years ago.
By comparing the resource consumption patterns of different countries we conclude that, in
1996, the Ecological Footprint of an average consumer in the industrialized world was four
times that of an average consumer in the lower income countries. This implies that rich
nations (located mainly in northern temperate zones) are primarily responsible for the
ongoing loss of natural wealth in the southern temperate and tropical regions of the world.

Fig. 2:
WORLD ECOLOGICAL FOOTPRINT, 1961-97
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THE LIVING P

The Living Planet Index is a measure of the
natural wealth of the Earth's forests,
freshwater ecosystems, and oceans and
coasts. Figure 1 shows that the index fell by
about 33 per cent between 1970 and 1999.
The LPI isthe average of three indices which
monitor the changes over time in populations
of animal speciesin forest, freshwater, and
marine ecosystems respectively (see Figures
3-5). More details on how these indices are
calculated are given on pages 4-9.

Each ecosystem index measures the change
over time of a population that is typical of the
sample of speciesin the index. The forest
index includes 319 species populations, and
shows a decline of about 12 per cent from
1970 to 1999. The freshwater index includes
about 194 species populations and fell by
about 50 per cent between 1970 and 1999.

Fig. 1:
LIVING PLANET INDEX,
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The marine index includes about 217 species
populations which declined by about 35 per
cent on average over the same period. These
species were not selected as being the best
indicators of their respective habitats, but
represent all those for which time-series
population data could be found.

Previous editions of the Living Planet
Report used species populations to measure
changes in freshwater and marine
ecosystems, but not in forest ecosystems.
Instead we used changes in forest area. In
this report, all three ecosystem indexes are
calculated in the same way. While this
alteration improves the methodol ogical
consistency of the LPI, it does not
significantly alter the overall result. The
forest species population index declined by
about 12 per cent between 1970 and 1999

Fig. 3:
GLOBAL FOREST ECOSYSTEMS
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while the forest area declined by
approximately 11 per cent.

With the larger number of species included
in the Living Planet Index, the three
ecosystems indices are now calculated on a
regional basis. The forest species population
index is the average of separate trendsin
temperate and tropical forests. The freshwater
species population index combines average
trends from six continents, and the marine
species population index is based on trends
in six regional oceans. Thereis a difference
between average trends of northern and
southern species populations in the freshwater
and marine indices, and between temperate
and tropical populationsin the forest indices.
In all three ecosystem types, the most severe
declines have been in the southern or tropical
regions of the world.

Fig. 4:
FRESHWATER SPECIES
POPULATION INDEX, 1970-99
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This does not imply that the northern
temperate ecoregions of the world arein a
better state than tropical or southern temperate
ecoregions, but that the northern temperate
ecoregions have shown less change over the
last 30 years (although there have been many
examples of local declines). Much of the loss
of biodiversity in northern temperate
ecosystems took place prior to 1970, especially
from the early 19th century onwards, and so is
not recorded in the LPI. However, there are far
fewer population data available for southern
temperate and tropical species than northern
temperate ones, and the trends shown in the
regional sub-indices need to be corroborated
by more data.

Boxes 1-6 on the opposite page give
examples of a selection of species populations
used in calculating the LPI.

Fig. 5:
MARINE SPECIES POPULATION
INDEX, 1970-99
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Box 1: SILVERY GIBBON
(Hylobates moloch) in
Indonesia

The silvery gibbon

is endemic to the
tropical rainforests
of western and
central Java,
Indonesia. The
species has
declined through
severe encroachment
on forest habitats by
Java’s human
population. There
are possibly fewer

Box 3: LESSER
WHITE-FRONTED GOOSE
(Anser erythropus) in Eurasia

The lesser
white-fronted goose
breeds in the taiga
and tundra zones
of northern and
western Eurasia
and winters in the
steppe zone of
southeast Europe.
It is believed that
the main causes of
its decline are the
loss of its feeding

Box 5: KEMP’S RIDLEY
TURTLE
(Lepidochelys kempi) in Mexico

Kemp’s ridley is the
most endangered sea
turtle species. It
generally occurs in the
waters of the western
Atlantic and almost
exclusively nests at a
single beach in
Mexico. Predation on
eggs, catching of
adults, and incidental
catch in fishing gear
has greatly reduced

B than 3 000 silvery B habitat and hunting B the turtle’s population.
gibbons remaining, pressure at the Ongoing intensive
_§ many of which occur S staging and § conservation measures
g in the reserves of § wintering grounds. s appear to have
§ Ujung Kulon and § § stemmed the decline
Gunung Halimun. and numbers of
| | | | | | | ! | | | | nesting females are
1970 1980 1990 2000 1970 1980 1990 2000 1970 1980 1990 2000 gradually increasing.

Box 6: BLUEFIN TUNA
(Thunnus thynnus) in the
western Atlantic

The bluefin tuna
is found on both
sides of the

Box 4: GHARIAL
(Gavialis gangeticus) in
southern Asia

Box 2: SPARROWHAWK
(Accipiter nisus) in the UK

The gharial is one
of the largest living
crocodilians. The

The sparrowhawk
occurs throughout the
forests and open

woodland habitats of
Eurasia and northern
parts of Africa. The
widespread use of
organochlorine
pesticides in Europe
during the 1950s and
1960s killed many birds
of prey and reduced
their breeding success.

species is restricted
to northern parts of
the Indian
sub-continent where
it inhabits deep,
fast-flowing rivers.
While the gharial
remains one of the
most endangered
crocodilians, its

Atlantic and both
the eastern and
western Pacific.
Overfishing has
led to a decline in
tuna populations
throughout the
range. In the
western Atlantic
the population of

These pesticides were population has fish over ten years
- banned in the 1970s in - greatly increased - old may have
-% a number of countries, % since the 1970s, % declined by up
3 and several sparrow- 32 largely because 3 to 95 per cent
g hawk populations, such g of conservation & since 1970.
as those in the UK, programmes
| | | J have since shown a | | | J initiated over much | 1 | J
1970 1980 1990 2000 gradual recovery. 1970 1980 1990 2000 of its range. 1970 1980 1990 2000

LIVING PLANET REPORT 2000 3



|coo.ooooooooocco.oooooooo-cooooo-ooooo-cooo.oooooooococo.oooooooo-ocoooo-ooooo-ocoo.ooooooooocco.oooooooo-cooooo-ooooo-cooo.oooooooococo.oooooooo-oooooo-ooooo-oooo.ooooooooooco.oooooooo-ocoooo-

FOREST SPECIES POPULATION

The Forest Species Population Index measures  currently occupy approximately equal areas of

the average change over time in 319 forest
species populations, and shows a decline of
about 12 per cent from 1970-99. The index is
the average of two sub-indices which relate to
temperate and tropical forests, respectively.
Figure 6 shows that the sub-index for tropical
forest has declined by about 25 per cent over
the period 1970-1999 while the sub-index for
temperate forests increased dlightly. This
closely paralels the trends in the area of
tropical and temperate forests over the same
period (see Figure 7). The temperate and
tropical forest components are given equal
weighting in the overall forest index. Thisis
because temperate and tropical forests

the Earth’s surface.

Although there has been no overall decline
in the temperate forests index since 1970, this
does not imply that temperate forestsarein a
better state than tropical forests. It means that,
on average worldwide, there has been little
change in temperate forests over the last 30
years, athough locally there are exceptions,
such as the temperate rainforests on the Pecific
coasts of Canada, the United States, and Chile.
Most deforestation in temperate countries took
place before the 20th century.

If the forest index could be extended back
over 300 or 3 000 years rather than merely 30,
alarge overall decline for temperate forests

INDEX

would become apparent (see Figure 7). Before
humans began modifying natural ecosystems to
grow crops and graze animals around 8 000—
10 000 years ago, the world's forests would
have covered twice their current area,
assuming that climatic conditions then were
similar to today’s. Both temperate and tropical
forest areas have declined by about 50 per cent
since the advent of agriculture. In contrast with
temperate forests, however, most of the loss of
tropical forests has taken place within the last
100 years, and is still continuing.

Species used in the index include antelopes,
Asian elephant, Baird's tapir, brush-tailed
possum, canids, cats, deer, flying foxes, giant
panda, gibbons, great apes, hares and rabbits,

Fig. 6: Fig. 7:
FOREST SPECIES POPULATION INDICES, NATURAL FOREST COVER,
1970-99 ORIGINAL AND 1970-2000
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forest cover

kangaroos, jumping mouse, lemurs, mustelids,
new world monkeys, old world monkeys,
pipistrelle bat, rhinoceroses, shrews, sifaka,
squirrels, tamarins, voles, bustards, creepers,
cuckoos, doves, dunnock, falcons, finches,
flycatchers, grouse, hawks, kinglets and
thrushes, kiwis, jays and crows, mockingbirds
and thrashers, new world warblers, nuthatches,
old world warblers, owls, parrots and macaws,
pheasants, sparrows, blackbirds, cowbirds and
warblers, starling, tits, tree pipit, waxwing,
woodcock, woodpeckers, wren, vireos, and
several invertebrate species.

Map 1 shows the location of the world's forests,
which currently cover approximately 30 million
km2, about one-fifth of the Earth’s land surface.



Map 1:

CURRENT FOREST COVER
Tropical forests

Montane forest

Lowland evergreen broadleaf forest
Semi-evergreen moist broadleaf forest

Mixed needleleaf/broadleaf forest

Needleleaf forest
Sclerophyllous dry forest

Deciduous/semi-deciduous broadleaf forest

Temperate and boreal forests

Deciduous broadleaf forest
Sclerophyllous dry forest
Evergreen needleleaf forest
Deciduous needleleaf forest
Mixed broadleaf/needleleaf forest
Broadleaf evergreen forest

Disturbed natural forest
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The Freshwater Species Population Index fell
by about 50 per cent from 1970 to 1999 (see
Figure 4), the most rapid decline of all three
species population indices. It measures the
average change over time in the populations
of around 194 species of freshwater birds,
mammals, reptiles, amphibians, and fishes.
The index is the average of six sub-indices
which relate to freshwater species populations
from Africa, Asia-Pacific, Australasia, Europe,
Latin America and the Caribbean, and North
America respectively (see Figure 8).

Although the decline in European and
North American freshwater species since
1970 has been much less severe than in other

Fig. 4:

FRESHWATER SPECIES POPULATION INDEX,

1970-99
140 —
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confidence limit

120 —
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FRESHWATER SPECIES POPULATION

regions of the world, this does not imply that
freshwater ecosystems in Europe and North
America are in a better state than in other
regions. It ssmply means that there has been
less of a decline over the last 30 years. Much
of the loss and degradation of freshwater
ecosystems in the industrialized world took
place prior to 1970.

The status of freshwater bird and mammal
populations is better known than that of other
groups, and waterfow! are among the most
closely monitored of any wild species. Much
lessis known about population trendsin
freshwater fishes and amphibians, although
many biologists believe these to be among the

Fig. 8:

INDICES, 1970-99
140 —

most threatened classes of speciesin the world.
Recent evidence suggest that there has been a
significant decline in amphibian populationsin
many parts of the world since the 1950s.
Species used in the index include European
beaver, hippopotamus, Russian desman, river
dolphins, saimaa seal, otter, reed bunting,
cranes, ducks, geese and swans, flamingos,
grebes, gulls and terns, eagles, herons and
bitterns, ibises and spoonbills, common loon,
pelicans, coots and swamphen, storks, snipe
and redshank, South American river turtle,
alligators and caimans, crocodiles, gharial,
pond turtles, lungless salamanders, mole
salamanders, narrowmouth toad, New Zealand
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frogs, newts, spadefoot toad, true toads,
treefrogs, true frogs, ayu, carps and minnows,
edl, galaxias, herrings and shads, perches, pike,
salmons and trouts, splitfin, sturgeons, suckers,
crayfish, and several other invertebrate species.

Map 2 shows the location of six mgjor types
of freshwater ecosystems around the world.
Freshwater comprises only about 2.5 per cent of
all water on Earth, and 99 per cent of that is
locked up either in ice caps or below the ground.
Freshwater ecosystems such as rivers, lakes, and
wetlands occupy less than 2 per cent of the total
land surface, yet they provide a wide range of
habitat types for a significant proportion of the
world's plant and animal species.
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Map 2:
MAJOR FRESHWATER AREAS OF THE WORLD
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MARINE SPECIES POPULATION

The Marine Species Population Index
calculates the average changes in populations
of 217 species of marine mammals, birds,
reptiles, and fishes, and shows a decline of
about 35 per cent from 1970 to 1999 (see
Figure 5). The index is the average of six sub-
indices which relate to the North Pacific,
North Atlantic, Indian, South Pacific, South
Atlantic, and Southern Oceans respectively
(see Figure 9).

Like the forest and freshwater species, the
marine species population declines have been
more pronounced in the southern temperate
and tropical oceans than in the northern

Fig. 5:
MARINE SPECIES POPULATION INDEX,
1970-99
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temperate oceans. This does not mean that the
northern oceans are in a better state, but
simply that there has been a steeper relative
decline in the southern and tropical oceans
over the last 30 years than in the north.
Marine species are generally more difficult
to monitor than terrestrial ones, and
assessments are often based on catch sizes of
harvested species. The exceptions are those
species which nest or breed on land, such as
seals and sea lions, seabirds, and marine
turtles. Although fishes constitute over 90 per
cent of marine vertebrate species, far more is
known about the status of birds and mammals,
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represented in the index.

Fig. 9:
MARINE SPECIES POPULATION INDICES
BY OCEAN, 1970-99
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and consequently these groups are over-

Species used in the marine index include
beluga whale, bowhead whale, Caribbean
manatee, dolphins, dugong, earless sedls, fur
seals and sealions, grey whale, polar bear,
rorqual whales, sea otter, sperm whale, vaquita,
walrus, abatrosses, Bermuda petrel, boobies
and gannets, brown pelican, cormorants and
shags, eider duck, gulls and terns, parasitic
jaeger, penguins, puffins, murrelets, auklets and
guillemots, sandpipers, storm petrels,
anchovies, atka mackerel, Bombay duck,
capelin, cod icefishes, cods and haddocks,

common sole, crocodile icefishes, dogfish, flathead

mullet, goosefishes, herrings, shads, sardines and

marine and coastal ecosystems.

Fig. 10:
CORAL REEF AND MANGROVE
ECOSYSTEMS
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menhadens, jacks and pompanos, |ane snapper,
mackerels and tunas, merluccid hakes, porgies,
righteye flounders, rockfishes, rockcods and
thornyheads, sablefish, sandlance, scopthalmid
flatfishes, summer flounder, swordfish, white hake,
marine turtles, and severa invertebrate species.
Map 3 and Figure 10 show the location and
approximate areas of coral reef and mangrove
ecosystems in the world's oceans. Coral reefs and
mangroves are among the most productive,
biologically diverse, and gravely threatened
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Map 4:
CORAL REEFS AND MANGROVE ECOSYSTEMS
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THE ECOLOGICAL FOOTPRINT

The Ecological Footprint is a conservative
estimate of human pressure on global
ecosystems. It represents the biologically
productive area required to produce the food
and wood people consume, to give room

for infrastructure, and to absorb the CO,
emitted from burning fossil fuels, which is
the primary cause of climate change, as
explained further on the following pages.
The Ecological Footprint is expressed in
“area units’. Each unit corresponds to one
hectare of biologically productive space
with “world average productivity” (see page

Fig. 13:
ECOLOGICAL FOOTPRINT
BY COUNTRY, 1996

Billion area units

KUWAIT
IRELAND
AUSTRALIA
FINLAND
FRANCE

HONG KONG (CHINA)
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DENMARK
NEW ZEALAND
CANADA
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SWITZERLAND
GERMANY
CZECH REP.

SINGAPORE
UNITED KINGDOM

UNITED STATES

UNITED ARAB EMIRATES
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12 for amore detailed explanation). As
people use resources from all over the
world, and affect faraway places with their
pollution, the footprint is the sum of these
areas wherever they are on the planet.

The world's Ecological Footprint changesin
proportion to global population size, average
consumption per person, and the resource
intensity of the technology being used.
Technology can dter the productivity
of land, or the efficiency with which resources
are used to produce goods and services. The
footprint calculations are conservative

Fig. 11:

WORLD ECOLOGICAL FOOTPRINT, 1961-97

Built-up land

1960 1965 1970 1975 1980 1985

ITALY
SPAIN

SAUDI ARABIA
NORWAY
JAPAN
NETHERLANDS
KOREA, REP.
GREECE
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SLOVENIA
ISRAEL
POLAND
RUSSIAN FEDERATION
BELARUS
HUNGARY
PORTUGAL

BELGIUM/LUXEMBOURG

1990

estimates of human impact since insufficient
data are available on some uses of the
biosphere. Also, the calculations assume that
the technologies used in resource exploitation
are the average of those prevailing in the
world today, and do not make distinctions
between the use of more sustainable
exploitation in some places and less
sustainable exploitation in others. This may
distort the size of some countries’ footprints,
but does not affect the global result.

Figure 11 shows the growth of the
Ecological Footprint of the world's population

Fig. 12:

Area units per person

299 384 343 307 484

from 1961 to 1997. Figure 12 shows the
size of the Ecological Footprints of seven
regions of the world in 1996. The size of
each box is proportional to the footprint
of each region: the height of the box is
proportional to the region’'s average
Ecologica Footprint per person and the
width of the box is proportional to the
population of the region. Figure 13 shows
the size of the Ecological Footprint per
person in al countries with populations
greater than one million. The national and
regional data relate to the year 1996, as this

ECOLOGICAL FOOTPRINT BY REGION, 1996

[ North America

B Western Europe

[ Central and Eastern Europe

Il Middle East and Central Asia

M Latin America and the Caribbean
M Asia/Pacific

1 Africa

3222

Population (millions)

LIBYA
LATVIA
MALAYSIA
CHILE
OMAN
MACEDONIA

UKRAINE
TURKMENISTAN

URUGUAY
LITHUANIA
KAZAKHSTAN
TAIWAN (CHINA)
MONGOLIA
SOUTH AFRICA
SLOVAKIA
YUGOSLAVIA
BULGARIA
ARGENTINA
ROMANIA

LEBANON
VENEZUELA
PARAGUAY
COSTA RICA
TURKEY
THAILAND
MEXICO
JAMAICA
UZBEKISTAN
BRAZIL
SYRIA

IRAN
MOLDOVA
MAURITIUS
TRINIDAD AND TOBAGO
CROATIA

PANAMA

TUNISIA
ECUADOR
AZERBAIJAN

CUBA



©000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

¥

Map 4

TRY

EGOLOGi‘GAL FOOTPRINT BY COU

Area units per pel

|

M 6.0 and over.

NI

Existing biologically productive area per person

8

©

© o

™ a4

o oo g &
© < o c O
[ =
© © © o o
o ~ 2

J

V3dld3
NVLSINVHOAY
HS3Av1ONvE
VIgINYN
NIW3A

(34Iv2) "d3d ‘W3a ‘0ONOD
OH10s31
3INO3T vHH3IS
avHO
Ianndng
INDIGNVZON
ILIVH

NV.LNHE
nvssig-vanino
YI10ONY
0901
VIQOENYO
VaNIN©
VIdOIH13

YN

IMYIVIN
VYaNvon
NOOH3INYO
VYANVMY
NVLSIMIFYL
OSv4 YNIMdNg
SOV
dYOSYOVAvIN
WINVT IHS
WVYN L3I\
3HIOAILA 3100
NIN3g
VITYWOS
H3IOIN

JHL VIENVYD
IVdaN
VINVZNYL
VOINIS
VIANI
HYWNYAN
NV1SMvd
VNVHO

‘d3d NvOId4Y TvdIN3O
vI9d039
Nvans
OBNOO
VAN
VININHY
vig3an
VIgNvZ
VINVLIHNYIA
VYNOVHYOIN
VNIAOD3ZH3H ANV VINSOg
VIAOg
VIH3OIN

nd3d

‘d3d NVOININOA
VaNINO M3N YNdvd
YIVNILYNO
S3ANIAdIMIHG
SYHNANOH
amavaniz
VISINOANI
HOAvATvS 13
0O00HOW
VNYMSLO8
1dAD3
Nvador

ovdl

MCERA
(@NYINIYI) YNIHO
VINVETY
NVLSZADHAM
VISNOT00
'H'd'd ‘'v3doM
NOoavo

LIVING PLANET REPORT 2000 11



THE ECOLOGICAL FOOTPRINT continued

was the most recent year for which UN
statistics were available for all countries at
the time of writing.

Extrapolating from the trend shows that,
by the year 2000, the global footprint is
likely to have increased slightly. This can be
crudely estimated using population growth,
assuming that the global average footprint
per person has remained fairly constant (as
it did from 1985 to 1996). As the world
population has increased from 5.7 billion to
6.0 billion people since 1996, the global
footprint is likely to have increased by about
5 per cent.

It is possible to compare the Ecological
Footprint of a population with the biological
capacity which is available to that
population. In short, how much space does
a population need compared with what is
available?

In 1996 there were 12.6 billion hectares
of biologically productive land on the
planet, covering roughly one quarter of the
Earth’s surface. These consisted of 1.3
billion hectares of cropland, 4.6 billion
hectares of grazing land, 3.3 billion hectares
of forest land, 3.2 billion hectares of fishing
grounds, and 0.2 billion hectares of built-up
land (see Table 1 on opposite page). This
amounts to 2.2 hectares for each of the
world’s 5.7 billion people in 1996: 0.2
hectares of cropland, 0.8 hectares of
grazing land, 0.6 hectares of forests, and
0.5 hectares of productive ocean areas, most
of which are located along coasts.

If we assume, for the sake of argument,
that 10 per cent of all biologically
productive space should be left undisturbed
for other species, the available space per
person shrinks from 2.2 to 2.0 area units. In

key questions answered

WHAT ARE “AREA UNITS”?

The Ecological Footprint is measured in “area
units”. One “area unit” is equivalent to one
hectare of biologically productive space with
world average productivity. Land varies
greatly in productivity; the most productive
land is generally used to grow crops, while
the least productive is used to graze animals.
One “area unit” is equivalent to about
0.3 hectares of cropland of world average
productivity. It is also equivalent to 0.6
hectares of average forest, or 2.7 hectares
of average grazing land, or 16.3 hectares
of sea (coastal and upwelling zones) with
average productivity. Thus a hectare of
highly productive land represents more

12 LIVING PLANET REPORT 2000

“area units” than the same amount of less
productive land.

All land areas are scaled according to their

capacity to produce biomass. Sea is

measured in terms of its capacity to produce

protein for human consumption. Area units
allow the meaningful comparison of the
Ecological Footprints of different countries,
which use different qualities and mixes of
cropland, grazing land, and forest.

contrast, the world average footprint was
2.85 area units per person in 1996. This
exceeds the existing biologically productive
space per person by about 30 per cent, or
more if some space is reserved exclusively
for other species. In other words, the area
required to produce food and wood, to give
room for infrastructure, and to absorb the
CO, emissions associated with energy use
was at least 30 per cent larger than the area
available. This overshoot |eads to the
depletion of the Earth’s natural capital stock,
as reflected by the decline in the LPI.

HOW MUCH LAND IS NEEDED
TO ABSORB CARBON DIOXIDE
EMISSIONS?

The Ecological Footprint methodology asks
how much bigger the biosphere would need
to be in order to absorb the CO, emitted by
burning fossil fuels. Alternatively we could
ask how large an area would be needed to
supply the same amount of energy using only
biomass fuel.

Either method yields similar results (in fact,
the one we use gives the lower estimate). By
choosing a method that is based on present
CO, sequestration rates, we are not
advocating that forests should be planted to
counteract increasing concentrations of CO,
in the atmosphere. Rather, we show that
sequestration can only be a partial solution

Actions needed to reduce the Ecological
Footprint: m Establish natural capital (or
“biological capacity”) accounts in each country,
and set specific targets for natural capital use.

m Phase out perverse subsidies that promote
resource use, pollution, and population growth.
m Encourage policies to incorporate
environmental costs in the price of goods and
services. m Promote the development of
technologies that increase the efficiency of the
use of resources. ®m Encourage educational
initiatives that teach about opportunities to
reduce human pressures on ecosystems.

m Develop humane, equitable, and widely
acceptable policies to reduce human population.
m Establish international trade agreements which
discourage countries from externalizing their
ecological costs. m Redirect government
procurement towards sustainable alternatives to
set good examples and stimulate new markets.

at best, since there is not enough land on
Earth available to provide this function. By
expressing fossil fuel use in terms of CO,
sequestration, we can compare the fossil
fuel footprint with other human pressures
on the biosphere, and aggregate them into
a single index.



WHAT IS “APPARENT CONSUMPTION”?

The footprints presented in the Living Planet
Report compare people’s consumption in
each country with the biosphere’s ecological
capacity. This means that a car produced in
Germany, but sold in France, will be added to
the French footprint. We estimate each
country’s consumption by adding its imports
to its production, and subtracting its exports.

The resulting “apparent consumption” can
be distorted since it does not distinguish
between production waste and consumption.
This explains irregularities, as in the case of
Ireland’s footprint. While consumption
patterns in Ireland may be similar to those in
the United Kingdom, Ireland, with a large

WHICH COUNTRIES ARE
SUSTAINABLE?

On pages 10-11, we compare each nation’s
Ecological Footprint per person with the
world average biological capacity available
per person. We have also compared each
country’s footprint with its own domestic
biological capacity. The difference between a
country’s footprint and its biological capacity
is its “ecological deficit”, which is shown in
Table 2. But these numbers do not indicate
which countries are sustainable.

The minimum requirement for global
sustainability is that humanity’s footprint
must be smaller than the biosphere’s
biological capacity. What does this mean for
nations? Is Sweden, with a large footprint
per person, but even larger biological

agricultural sector and a small population
compared to the UK, is charged with a
footprint that corresponds to waste
generated when producing food for
export. But no official data exist to correct
that error, or similar errors affecting other
sectors. For example, in more detailed
accounts, we would distinguish between
types of fish imported and exported since
the biological capacity needed to produce
a given amount of fish protein can vary by
orders of magnitude, depending whether
the fish consumed are top predators such
as tuna, or species that are low down in
the food chain.

capacity per person, ecologically
sustainable? Is Egypt, which has a per
person footprint smaller than the global
average biological capacity, yet larger than
its domestic biological capacity? Clearly, if
everyone in the world led the same lifestyle
as the average Swede, the Earth would not
be able to sustain its human population for
very long. Nor would humanity be
sustainable if all countries ran an ecological
deficit like Egypt.

Does this mean that people should live
within the world's average biological
capacity, or their national biological
capacity? Footprint calculations do not
answer these questions, but try to quantify

Tourism footprints, which are included in
the destination country’s footprint, should
really be assigned to the tourist's country
of residence. These footprint misallocations
can distort national accounts and skew
the distribution of the global footprint
responsibility. However, these errors do
not affect the overall global account (since
there is no trade between the Earth and
other planets).

the ecological challenges and conflicts
humanity needs to resolve if it wants to
achieve global sustainability.

ARE THE YIELDS BEHIND THE
FOOTPRINT CALCULATIONS
SUSTAINABLE?

In calculating the national footprints, we
use yields for forests or fisheries that are
optimistic estimates of the maximum
amount of a single species stock that can
be harvested without reducing the stock’s
productivity over time. Harvesting within
this maximum level is a necessary, but not
sufficient, criterion for sustainability.
Taking less can still cause ecological
damage since the yield figures assume
careful harvest practices with no collateral
damage, no local overharvesting, and the
safeguarding of protected areas.

Table 1: Biologically productive space

Global area Area per person Equivalence Area per person
in 1996 in 1996 factor in 1996
(million hectares) (hectares/person) (area units/person)

Cropland 1254 0.22 3.16 0.69
Grazing land 4619 0.79 0.39 0.31
Forest land 3 333 0.58 1.78 1.03
Fishing grounds 3 200 0.55 0.06 0.03
Built-up land 200 0.04 3.16 0.12
Total 12 606 2.18 1.00 2,18
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CROPLAND FOOTPRINT

The cropland footprint of an individual is average cropland required to produce this population gives an average cropland Actions needed to reduce the world's
the area (of “world average” cropland) diet. This has been done for most of the footprint of 0.22 hectares, or 0.69 area units, cropland footprint: m Move to sustainable
required to produce all the crops which that ~ world's countries and the results are shown per person. farming systems that do not systematically
individual consumes. This includes all in Figures 15 and 16, measured in both The cropland footprint of the average North degrade biological capacity; protect soil from
cereals, fruit and vegetables, roots and hectares of average crop land and “area units’” American was more than twice the world erosion and degradation caused by intensive
tubers, pulses, nuts, tea and coffee, sugar, per person (see more detailed explanation on  average, at 1.44 area units, whereas the agricutture, overgrazing, or salinization. ® Preserve
margarine, and vegetable oils, as well as page 12). cropland footprint of an average African or existing croplands for agriculture, rather than
tobacco, cotton, jute, and rubber. It also Figure 14 shows the growth in the world’s ~ Asian was less than 0.60 area units. However, urban and industrial development, road building,
includes crops fed to poultry and pigs, which cropland footprint since 1961. There were the cropland footprint shows less variance or non-essential crops such as tobacco. m Use
are converted to meat and consumed in the approximately 1.5 billion hectares of cropland between nations than other components of the agricultural chemicals in a way that takes account
form of chicken or pigmeat. available worldwide in 1996, of which about  Ecological Footprint. of the assimilative capacity of agro-ecosystems,
To calculate the cropland footprint of a 1.3 billion hectares were used for growing stop the use of hazardous pesticides and
country, it is necessary to convert the dietary  crops, and the rest for grazing animals. increase the use of biological control and pest-
habits of the population into the area of Dividing 1.3 billion hectares by the world’'s resistant varieties. m Eliminate export subsidies.
Fig. 14: Fig. 15:
WORLD CROPLAND FOOTPRINT, 1961-97 CROPLAND FOOTPRINT BY REGION, 1996
4~ - 14—
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TURKEY
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JAPAN
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NORWAY
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BRAZIL
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POLAND
ITALY
AUSTRIA
SAUDI ARABIA

CZECH REP.

UNITED ARAB EMIRATES
NIGERIA

IRELAND
ESTONIA
DENMARK
GREECE

HONG KONG (CHINA)
UNITED STATES
LITHUANIA
FRANGE

TUNISIA
BELARUS
TAIWAN (CHINA)
PORTUGAL
SLOVENIA
YUGOSLAVIA
SWEDEN

UNITED KINGDOM
FINLAND

KOREA, REP.
AUSTRALIA
ROMANIA
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GRAZING LAND FOOTPRINT

The grazing land footprint of an individual required to produce them. The results are grazing land footprint in 1996 was also 0.31 Actions needed to reduce the world’s
isthe area (of “world average” grazing land)  shown in Figures 18 and 19, expressed in area units per person. grazing land footprint: m Reduce meat and
that is required to produce the animal hectares of average grazing land and “area However, there was a fourfold disparity dairy product consumption, especially in
products which that individual consumes. units’ per person. between the sizes of the grazing land high-income countries. m Maintain traditional
Thisincludes all meat and dairy products Figure 17 shows that the size of theworld  footprints of consumers in OECD and non- grazing systems that encourage and conserve
from cattle, sheep, and goats, as well as grazing land has increased slowly since the OECD countries, because of the greater biodiversity. m Change eating habits away from
hides and wool (pigmeat and chicken are 1960s. Thisis largely aresult of clearing of emphasis on meat and dairy productsin the resource-intensive foods. m Eliminate export
accounted for under the cropland footprint —  forest land. There were approximately 4.6 diets of the richer nations. The exceptions are subsidies.
see page 14). billion hectares of grazing land on the Earth  the few lower-income countries, such as
To calculate the grazing land footprint in 1996, giving a world average availability Mongolia, with less productive land that is
of acountry, it is necessary to convert the of about 0.79 hectares of grazing land, or only suitable for grazing.
national consumption of animal products 0.31 area units, per person. Assuming that
into the area of “average” grazing land this area was fully utilized, the world average
Fig. 19: Fig. 17: Fig. 18:
GRAZING LAND FOOTPRINT WORLD GRAZING LAND FOOTPRINT, 1961-97 GRAZING LAND FOOTPRINT BY REGION, 1996
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FOREST FOOTPRINT

The forest footprint of an individual isthe person. The ranking does not refer to the footprint of consumersin OECD countries Actions needed to reduce pressure on
area (of “world average” forest land) required  quality of forests or sustainability of forestry ~ was, on average, over three times larger than forests: m Establish a network of ecologically
to produce the wood products which that activities in each country; it only reflects each  that of consumersin non-OECD countries. representative protected areas covering at least
individual consumes. Thisincludes al the country’s demand on forests worldwide. Figure 20 shows the growth of the world’s 10 per cent of each forest type. m Ensure forests
fuelwood and charcoal, roundwood (whether There were approximately 3.3 billion forest footprint since 1961. The total forest outside protected areas are well managed
in the form of sawnwood, wood-based panels, hectares of forest in 1996, giving a world footprint of the global population adds up to according to standards set by the Forest
or fibreboard), paper, and paperboard. average availability of forest land of about approximately 30 per cent of the world’s Stewardship Council. m Stop all illegal logging.
To calculate the national forest footprint, 0.58 hectares per person. This trandates into current forest cover. However, industrial m Develop ecologically and socially appropriate
it is necessary to convert the national 1.03 area units per person. The world average  forestry, which produces most of the world's forest restoration programmes. m Reduce forest
consumption of wood products into the area wood product consumption in 1996 was 0.41  timber and pulp for paper, is concentrated in a damage from pollution and climate change.
of “average” forest land required to produce m3 of wood raw material equivalent per few areas where the forest is not always m Promote the recycling and reuse of wood and
those products. The results are shown in person per year. At average forest managed sustainably. paper products.
Figures 21 and 22, expressed in hectares of productivity, this equates to a forest footprint
average forest land and “area units” per of 0.28 area units per person. The forest
Fig. 22: Fig. 20: Fig. 21:
FOREST FOOTPRINT WORLD FOREST FOOTPRINT, 1961-97 —1.2 FOREST FOOTPRINT BY REGION, 1996 _o7
BY COUNTRY, 1996 2.0 12 — )
25 —— 10 [ North America dos
(1.40) ’ 1.0 — [ Western Europe ’
15 s [ Central and Eastern Europe 105 <
g —108 4 g 0.8 — [l Middle East and Central Asia g
20— 3 g e M Latin America and the Caribbean —0.4 qé
_ g 1ol 1068 806l B Asia/Pacific g
3 c s = W Africa 0.3 g8
g S Jo4s S g
5 15— o Q g 0.4 0.2 §
2 (0.84) 05— <
¢ —02 0.2 0.1
g Existing
g forest area | | | | | | | |
\‘; per person 0 0 0 0
2 1ToF— 1960 1965 1970 1975 1980 1985 1990 1995 299 384 343 307 484 3222
S (0.56) Population (millions)
g
<
0.5 +H—
(0.28)
0
S F 2 Z8Z 258 % ¥2S352538283s£85%22223$858822223328P2:23sEEL5y83¢8E3E33222£585g3E822Y¥538
3827 % 55§8§%§E§%>35§6&‘%2§8%< 2252223330330z 355Q3E8z53504Ec8%22308%5
zZ =z < 2 2 < S g Ex Q5 2 2 b E mDEQIEmg = g g B L zZ 3T o ? I JE < 5
[ 23 §2m§§ %ﬁ gwm% § o §§§ %g §§ gégzgg %.; @gé Em % = g F e Eé gg} %8%%03
z 5 s o

UNITED STATES
HONG KONG (CHINA)
BELGIUM/LUXEMBOURG
PAPUA NEW GUINEA
NETHERLANDS

COTE D'IVOIRE
CENTRAL AFRICAN REP.
BURKINA FASO

UNITED KINGDOM
SOUTH AFRICA

o
c
<
N
a
w
[
=
w
o
o)
9]
4
o)
o

18 LIVING PLANET REPORT 2000



VIFINYN
vI9d03o
\EENIEE]
VININHY
Nv.isiM3gzn
NVLSIMIFY.L
NVLSINIAMENL
Ovdl
VINVLIHNYIN
VNIAOD3IZHIH ANV VINSOg
NVrIvad3zy
NVLSZADHAM
NIW3IA
NV.LSHMVZVM
Nvador
YAOQTON

VINVETY

1dAD3

NYWO
V13NZ3N3A
‘d3d NVOININOG
vIg39v
0DD0HOW
d'd'a ‘V3HOM
Nl

vAgM

VIHAS

vigvey 1anvs
VIAOg
NVLSMVd
SNILIYNYIN
HS3aY1ONVE
0DYEOL ANV QVaINIHL
VIAVISODNA
VOIVINYI
02IXan

VIONI

INIVENN
OHLOST1
LIVMNY
(ANVINIVIN) YNIHO
vano

-

ny3ad
VITOONOW
NVLSINVHOLY
vidvo1ng
VINVYNVd
303349
VINOQ3OVIA
NONvE31

][
=3

i & YNILNZDHY
WYN L3IA

AIMdNL

VISINNL
HYINNVAN
A"VONNH
nvssIg-vanino
VISWOT0D
WINVT 1HS
090L

Nvans

(VNIHO) NYMIVL
H3DIN
S3ANIdMIHA

RY

NI

YN

VOIAN3S

V109NV
HYOSYOVAvIN
VILYOdO

S3LVHINT dvdv A31INN
Javdsi

VIQOaNYO

VINOLS3

NOILYH3d3d NVISSNY
avHO

ENOERRAEIS]

ipsufficent data

[lo}

L)
= &
@ 2
S &
(=S
0 o
- 0
S o

FOREST FOOTPRINT BY COUNT

5 |
p_ =
0. i
= || o
(=5 1
3| =
—

</ [ |
_

_

r.
3
° 8
T B
& |
o o
© ©
c o
L

LIVING PLANET REPORT 2000 19



Area units (hectares) per person
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FISHING GROUND FOOTPRINT

The fishing ground footprint of an individual
isthe area (of “world average” fishing
ground) required to produce the marine fish
and seafood products which that individual
consumes. Thisincludes al the seafish,
crustaceans, and cephalopods, as well as al
fishmeal and oils that are fed to animals. It
also includes an additional 25 per cent to
alow for bycatch, which is generally
discarded back to the sea.

To calculate the fishing ground footprint
of acountry, it is necessary to convert the
national consumption of marine fish and
seafood into the area of “average” fishing

Fig. 25:
FISHING GROUND FOOTPRINT
BY COUNTRY, 1996
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grounds required to produce it. The results
are shown in Figures 24 and 25, expressed
in hectares of average fishing grounds and
“area units”’.

There were approximately 3.2 billion
hectares of fishing groundsin 1996, giving
aworld average availability of about 0.55
hectares, or 0.03 area units per person.

Figure 23 shows the growth in the world's
fishing ground footprint since 1961. The
world average marine fish and seafood
consumption in 1996 was 23kg per person
per year. At average productivity, this
equates to a fishing ground footprint of

0.04 area units per person. The total fishing
ground footprint of the world’s population
therefore exceeded the availability of the
world's fishing grounds by approximately
30 per cent. In other words, the level of
consumption exceeded the productive
capacity of the world’s fishing grounds by
almost a third. The average fishing ground
footprint of an OECD country consumer
was about three times that of an average
non-OECD country consumer.

KOREA, D.P.R

Fig. 23: Fig. 24:
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Actions needed to reduce pressure on
fisheries: m Reduce the incidental kiling of
unwanted fish and other marine wildlife that
accounts for more than a quarter of the world
catch. m Eliminate destructive fishing practices,
such as cyanide and blast fishing on coral reefs.
m Cut the government subsidies that contribute to
overfishing. m Support management schemes
that protect artisinal fisheries and local economies.
m Promote market incentives for sustainable fishing,
such as the Marine Stewardship Council.

m Designate marine protected areas to safeguard
marine ecosystems and give depleted fish
populations a chance to recover.
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CARBON DIOXIDE FOOTPRINT

The carbon dioxide (CO,) footprint of an Thetotal energy consumption isthen converted  threefold increase since 1961. The world Actions needed to reduce energy
individual is the area (of “world average” into the area of average forest land required to average CO, emission in 1996 was about 4 consumption and CO2 emissions: m Increase
forest) which would be required to absorb all absorb the resulting CO, emissions, using the tonnes per person per year. At average forest the use of energy-saving technologies; eliminate
CO, emissions resulting from that individual’s ~ present rate of carbon absorption by theworld’'s  productivity, this equates to a CO, absorption wasteful energy consumption in transport, industry,
energy consumption. This includes the direct forests. This has been done for most of the footprint of 1.41 area units per person. The and the home. m Increase the supply of energy
use of cod, ail, or gas asfuel in the home or world's countries and the results are shown in Intergovernmental Panel on Climate Change has from sources which reduce or eliminate pollution,
for private transport, and indirect usefromthe  Figures 27 and 28, measured in both tonnes of stated that global CO, emissions must be cut to especially renewable sources such as solar and
consumption of electricity (other than from CO, emitted per person per year and “area at least 50 per cent of the 1990 level by the year wind. m Assist lower-income countries to invest in
renewable sources), public transport, units’ per person. Scientists believe, however, 2050 in order to stabilize the atmospheric CO, sustainable energy technologies. m Increase
manufactured goods, or other services. that the CO, sequestration rate of forests will concentration at its present level. energy prices to cover the full environmental costs
To calculate the CO, footprint of acountry, it declinein future decades as the atmospheric Internationa disparitiesin per capitaemissons W of energy use, and remove government subsidies
is necessary to take the national consumption of ~ CO, level and global temperature increase. are greater than in any other sector. The OECD on energy. m Stop deforestation and promote
energy from fossil fuels plus the net import of Figure 26 shows that global CO, emissions consumer’s average CO, footprint was more reforestation of deforested areas in an ecologically

“embodied energy” in manufactured products. stood at 24 hillion tonnes per year in 1996, a than five times that of the non-OECD consumer. and socially appropriate manner.

Fig. 28: Fig. 26: Fig. 27:
CARBON DIOXIDE FOOTPRINT WORLD CARBON DIOXIDE FOOTPRINT, 1961-97 CARBON DIOXIDE FOOTPRINT BY REGION, 1996
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Table2s ECOLOGICAL FOOTPRINT DATA, 199

Population  Cropland  Grazing land Forest Fishing CO, Built-up Total 1 ha local 1 ha local 1 ha local Existing National
footprint footprint footprint ground footprint land ecological cropland grazing forest biological ecological
footprint footprint footprint land capacity deficit
(area units (area units (area units (area units (area units (area units (area units (in area (in area (in area (area units (area units
(thousands) per person) per person) per person) per person) per person)  per person) per person) units) units) units) per person) per person)
World 5744 872 0.69 0.31 0.28 0.04 1.41 0.12 2.85 2.18
OECD 1091 037 1.18 0.79 0.64 0.09 4.08 0.43 7.22 3.42 -3.80
NON-OECD 4 658 746 0.55 0.22 0.20 0.03 0.75 0.05 1.81 1.82 0.01
AFRICA 709 988 0.48 0.16 0.32 0.02 0.34 0.01 1.33 1.73 0.40
Algeria 28 719 0.63 0.23 0.07 0.01 0.84 0.01 1.79 1.67 0.17 1.08 0.58 -1.21
Angola 11 342 0.32 0.12 0.25 0.02 0.09 0.01 0.82 1.23 0.02 1.22 2.74 1.92
Benin 5480 0.42 0.09 0.42 0.01 0.03 0.00 0.97 1.65 0.74 1.29 1.55 0.58
Botswana 1509 0.36 0.44 0.40 0.02 0.45 0.02 1.68 0.56 0.02 0.61 1.92 0.24
Burkina Faso 10 704 0.38 0.12 0.37 0.00 0.04 0.00 0.90 1.07 0.08 0.99 0.79 -0.11
Burundi 6 265 0.41 0.04 0.28 0.00 0.02 0.00 0.75 2.66 0.24 1.1 0.50 -0.25
Cameroon 13 549 0.29 0.14 0.42 0.02 0.00 0.01 0.89 1.68 0.09 2.57 4.23 3.35
Central African Republic 3354 0.30 0.38 0.39 0.00 0.03 0.02 1.12 1.14 0.06 1.56 14.51 13.38
Chad 6 899 0.30 0.17 0.28 0.00 0.00 0.00 0.75 0.84 0.02 0.89 1.54 0.79
Congo, Rep. 2 634 0.29 0.08 0.54 0.04 0.18 0.01 1.15 1.92 0.01 2.66 20.04 18.89
Cote d’lvoire 13 816 0.34 0.08 0.40 0.08 0.10 0.00 0.95 1.29 0.08 1.75 2.00 1.05
Egypt 63 497 0.75 0.23 0.06 0.01 0.61 0.04 1.70 8.12 11.41 1.08 0.64 -1.06
Eritrea 3300 0.26 0.09 I.D. 0.00 I.D. 0.00 0.35 0.80 0.05 n.a. 0.24 -0.11
Ethiopia 56 789 0.37 0.12 0.34 0.00 0.02 0.00 0.85 1.63 0.32 1.40 0.68 -0.18
Gabon 1107 0.45 0.15 0.61 0.13 0.68 0.03 2.06 1.56 0.00 2.09 33.77 31.72
Gambia 1150 0.36 0.09 0.42 0.06 0.06 0.00 0.99 1.30 0.41 1.14 0.40 -0.60
Ghana 18 154 0.39 0.03 0.53 0.04 0.11 0.01 1.12 1.95 0.06 1.51 1.20 0.08
Guinea 7275 0.41 0.06 0.29 0.02 0.05 0.00 0.85 1.69 0.03 1.55 1.60 0.75
Guinea-Bissau 1111 0.40 0.09 0.22 0.01 0.07 0.00 0.80 1.68 0.32 1.31 2.92 2.12
Kenya 27 851 0.19 0.30 0.55 0.00 0.10 0.01 1.15 1.87 0.22 1.52 0.57 -0.59
Lesotho 1970 0.35 0.16 0.13 0.01 I.D. 0.04 0.70 1.56 0.21 n.a. 0.45 -0.24
Liberia 2198 0.29 0.02 0.79 0.01 0.05 0.00 1.16 1.63 0.02 2.32 5.10 3.95
Libya 5 086 0.82 0.23 0.08 0.02 3.20 0.01 4.36 0.93 0.07 1.08 0.58 -3.78
Madagascar 14183 0.37 0.24 0.26 0.01 0.05 0.01 0.93 2.25 0.11 2.08 2.93 2.00
Malawi 9835 0.42 0.038 0.36 0.00 0.06 0.00 0.87 1.84 0.15 1.29 0.77 -0.10
Mali 10 186 0.33 0.26 0.25 0.00 0.02 0.00 0.86 0.95 0.08 0.90 1.27 0.41
Mauritania 2 394 0.43 0.35 0.00 0.04 0.41 0.00 1.22 1.07 0.02 n.a. 0.62 -0.60
Mauritius 1124 0.70 0.37 0.09 0.07 1.22 0.01 2.45 3.17 0.61 n.a. 2.23 -0.23
Morocco 26 417 0.92 0.19 0.08 0.04 0.32 0.02 1.56 2.12 0.18 1.08 0.99 -0.57
Mozambique 17 950 0.26 0.05 0.39 0.00 0.04 0.00 0.76 1.1 0.02 0.90 1.1 0.35
Namibia 1583 0.32 0.32 I.D. 0.00 I.D. 0.02 0.66 0.53 0.02 0.61 1.83 1.17
Niger 9454 0.54 0.13 0.24 0.00 0.05 0.00 0.97 0.48 0.12 0.61 0.42 -0.56
Nigeria 101 413 0.58 0.08 0.43 0.01 0.20 0.00 1.31 1.76 0.19 1.70 0.88 -0.43
Rwanda 5475 0.42 0.06 0.39 0.00 0.03 0.00 0.90 1.90 0.34 1.61 0.42 -0.48
Senegal 8 548 0.44 0.16 0.25 0.06 0.14 0.00 1.06 0.95 0.15 1.00 0.95 -0.11

24 LIVING PLANET REPORT 2000 0 = negligible 1.D. = insufficient data n.a. = not applicable Totals may not add up due to rounding



Population Cropland  Grazing land Forest Fishing CO, Built-up Total 1 ha local 1 ha local 1 ha local Existing National
footprint footprint footprint ground footprint land ecological cropland grazing forest biological ecological
footprint footprint footprint land capacity deficit
(area units (area units (area units (area units (area units (area units (area units (in area (in area (in area (area units (area units
(thousands) per person) per person) per person) per person) per person)  per person) per person) units) units) units) per person) per person)
Sierra Leone 4289 0.35 0.04 0.28 0.03 0.03 0.00 0.73 1.63 0.07 2.58 1.40 0.67
Somalia 8 467 0.11 0.46 0.40 0.00 0.00 0.00 0.97 0.50 0.07 n.a. 0.74 -0.28
South Africa 38 126 0.65 0.33 0.33 0.07 2.59 0.08 4.04 2.80 0.17 1.08 1.39 -2.65
Sudan 27 160 0.42 0.42 0.24 0.00 0.05 0.01 1.14 0.82 0.09 0.93 1.76 0.62
Tanzania 30 700 0.35 017 0.47 0.00 0.02 0.00 1.02 1.77 0.13 1.04 1.34 0.33
Togo 4172 0.41 0.05 0.23 0.038 0.10 0.00 0.82 1.08 0.21 1.40 0.83 0.00
Tunisia 9 081 1.32 0.24 0.20 0.03 0.48 0.01 2.27 1.87 0.56 1.08 1.22 -1.05
Uganda 19 464 0.39 0.12 0.34 I.D. 0.02 0.00 0.88 1.47 0.69 1.58 1.01 0.13
Zaire (Congo, DR) 46 772 0.22 0.01 0.41 0.01 0.03 0.01 0.69 1.47 0.01 2.88 6.94 6.25
Zambia 8 389 0.32 0.09 0.67 0.00 0.08 0.05 1.21 2.20 0.02 1.06 4.24 3.03
Zimbabwe 11 045 0.47 0.19 0.30 0.01 0.44 0.04 1.45 1.88 0.1 0.02 0.68 -0.77
MIDDLE EAST AND
CENTRAL ASIA 307 001 0.69 0.33 0.09 0.02 1.55 0.06 2.73 0.91 -1.82
Afghanistan 20 368 0.22 0.16 017 I.D. 0.02 0.02 0.58 1.44 0.10 0.16 0.38 -0.19
Armenia 3 564 0.39 0.37 I.D. I.D. 0.26 0.14 1.16 2.34 1.13 0.19 0.69 -0.47
Azerbaijan 7 609 0.40 0.30 0.01 0.00 1.36 0.10 2.18 1.89 0.67 0.16 0.64 -1.54
Georgia 5187 0.46 0.39 1.D. 0.00 0.16 0.1 1.14 2.02 1.00 0.64 1.22 0.08
Iran 63 469 0.70 0.26 0.08 0.03 1.37 0.02 2.47 2.27 0.27 1.08 0.76 -1.71
Iraq 20 608 0.49 0.08 0.00 0.00 1.14 0.02 1.78 1.13 0.30 1.08 0.35 -1.38
Israel 5722 1.10 0.52 0.26 0.06 3.33 0.13 5.40 3.05 15.12 1.08 0.76 -4.64
Jordan 5938 0.61 0.14 0.04 0.01 0.89 0.02 1.71 1.57 0.54 1.08 0.21 -1.50
Kazakhstan 16 436 0.68 0.77 0.03 0.00 2.87 0.11 4.45 0.81 0.08 0.15 2.05 -2.40
Kuwait 1686 0.78 0.46 0.13 0.03 8.49 0.42 10.31 5.80 1.97 1.08 0.65 -9.67
Kyrgyzstan 4 596 0.45 0.62 0.01 0.00 0.48 0.29 1.87 2.64 0.36 0.16 1.50 -0.37
Lebanon 3083 1.04 0.38 0.18 0.08 1.49 0.06 3.19 4.23 8.10 1.08 0.69 -2.50
Oman 2230 0.39 0.26 0.06 0.07 2.60 0.02 3.39 2.90 0.30 n.a. 0.70 -2.69
Saudi Arabia 18 829 0.77 0.22 0.08 0.02 4.97 0.08 6.15 4.28 0.02 1.08 0.41 -5.74
Syria 14 571 0.90 0.28 0.08 0.00 1.28 0.02 2.56 2.35 0.48 1.08 1.10 -1.46
Tajikistan 5 836 0.23 0.23 0.00 0.00 0.34 0.11 0.90 2.04 0.30 0.16 0.47 -0.44
Turkey 62 332 1.10 0.41 0.20 0.03 0.97 0.03 2.73 2.80 0.76 0.98 1.49 -1.24
Turkmenistan 4156 0.45 0.53 0.00 0.00 2.48 0.15 3.62 1.86 0.08 0.02 1.02 -2.60
United Arab Emirates 2 260 117 0.70 0.26 0.08 13.58 0.20 15.99 8.53 3.35 1.08 0.68 -16.31
Uzbekistan 22 848 0.47 0.56 0.00 0.00 1.47 0.16 2.65 2.82 0.81 0.01 0.96 -1.70
Yemen 15 674 0.31 0.08 0.01 0.02 0.27 0.00 0.69 1.44 0.08 1.08 0.27 -0.42
ASIA/PACIFIC 3 222 295 0.58 0.16 0.18 0.05 0.78 0.03 1.78 1.11 -0.67
Australia 18 141 0.98 1.60 0.58 0.09 4.79 0.44 8.49 2.63 0.1 1.08 9.42 0.93
Bangladesh 120 594 0.37 0.06 0.10 0.00 0.07 0.00 0.60 3.11 0.63 3.60 0.08 -0.562
Bhutan 1 893 0.14 0.07 0.34 I.D. 0.23 0.01 0.79 1.42 0.14 1.97 2.60 1.82
Cambodia 10 234 0.46 0.07 0.26 0.01 0.02 0.02 0.83 2.08 0.18 2.31 3.12 2.29
China (mainland) 1232 456 0.68 0.1 0.13 0.06 0.84 0.02 1.84 5.77 0.36 1.08 0.89 -0.96
Hong Kong (China) 6 363 1.43 0.31 1.02 0.14 4.24 0.01 714 n.a. 19.45 n.a. 0.08 -67.07
India 949 997 0.46 0.15 0.12 0.01 0.31 0.01 1.06 2.64 4.25 2.30 0.74 -0.32
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Population  Cropland  Grazing land Forest Fishing CO, Built-up Total 1 ha local 1 ha local 1 ha local Existing National
footprint footprint footprint ground footprint land ecological cropland grazing forest biological ecological
footprint footprint footprint land capacity deficit
(area units (area units (area units (area units (area units (area units (area units (in area (in area (in area (area units (area units
(thousands) per person) per person) per person) per person) per person)  per person) per person) units) units) units) per person) per person)
Indonesia 200 415 0.58 0.05 0.33 0.05 0.42 0.06 1.48 4.70 0.32 4.84 3.18 1.70
Japan 125 769 0.80 0.35 0.63 0.23 3.75 0.18 5.94 7.35 20.89 1.08 0.86 -5.08
Korea, DPR 22 610 0.47 0.04 0.08 0.11 1.17 0.05 1.92 3.78 0.76 1.08 0.73 -1.19
Korea, Rep. 45 345 1.02 0.66 0.32 0.17 3.36 0.07 5.60 7.63 n.a. 1.08 0.74 -4.86
Lao PDR 4902 0.42 0.09 0.37 0.00 0.02 0.01 0.91 3.01 0.26 2.69 7.29 6.39
Malaysia 20 549 0.29 0.10 0.61 0.17 2.45 0.07 3.68 3.44 0.038 4.89 3.97 0.29
Mongolia 2 495 0.20 1.23 0.16 0.00 2.68 0.02 4.30 0.90 0.67 1.08 5.67 1.37
Myanmar 43 393 0.67 0.07 0.20 0.04 0.07 0.02 1.07 3.39 0.50 2.97 2.71 1.65
Nepal 21791 0.44 0.18 0.35 0.00 0.03 0.00 1.01 2.37 1.44 2.29 0.94 -0.07
New Zealand 3720 0.65 3.39 1.00 0.10 3.09 1.31 9.54 6.63 2.02 1.08 15.80 6.26
Pakistan 140 055 0.39 0.33 0.08 0.01 0.26 0.01 1.09 2.63 412 1.19 0.68 -0.40
Papua New Guinea 4 399 0.28 0.36 0.48 0.03 0.23 0.01 1.40 1.75 0.01 3.79 31.60 30.20
Philippines 69 902 0.51 0.08 0.25 0.09 0.49 0.01 1.42 2.93 0.47 4.39 0.89 -0.54
Singapore 3 375 0.50 0.19 0.36 0.14 11.08 0.13 12.35 3.17 n.a. 4.91 0.13 -12.21
Sri Lanka 18 096 0.31 0.06 0.23 0.05 0.28 0.02 0.95 3.47 0.51 2.35 0.52 -0.43
Taiwan 21 471 1.28 1.08 0.24 0.13 1.60 0.02 4.34 3.17 0.32 1.08 0.20 -4.14
Thailand 59 172 0.74 0.20 0.31 0.13 1.30 0.038 2.70 2.94 0.57 2.55 1.35 -1.35
Viet Nam 75159 0.50 0.05 0.19 0.02 0.17 0.02 0.95 4.09 2.06 1.91 0.65 -0.30
LATIN AMERICA AND
THE CARIBBEAN 483 837 0.59 0.62 0.35 0.04 0.77 0.08 2.46 6.39 3.93
Argentina 35219 0.34 1.68 0.18 0.03 1.39 0.17 3.79 3.40 0.37 1.08 5.10 1.31
Bolivia 7 593 0.29 0.48 0.08 0.00 0.42 0.02 1.29 2.12 0.08 2.05 13.25 11.96
Brazil 161 533 0.65 0.74 0.61 0.02 0.46 0.12 2.60 3.13 0.56 2.91 11.56 8.96
Chile 14 421 0.61 0.61 0.58 0.32 1.13 0.14 3.39 5.23 0.34 1.08 2.01 -1.38
Colombia 39 288 0.48 0.52 0.22 0.02 0.61 0.04 1.90 3.77 0.47 3.55 5.66 3.76
Costa Rica 3 652 0.70 0.62 0.68 0.01 0.72 0.04 2.77 4.68 0.87 2.73 2.16 -0.60
Cuba 11018 0.64 0.27 0.14 0.03 0.96 0.05 2.10 2.33 0.56 1.69 1.1 -0.98
Dominican Republic 7 961 0.53 0.28 0.07 0.038 0.42 0.038 1.37 3.49 0.87 2.35 1.03 -0.34
Ecuador 11 699 0.50 0.47 0.46 0.02 0.77 0.03 2.26 2.30 0.54 3.10 4.00 1.74
El Salvador 5789 0.46 0.25 0.32 0.01 0.46 0.05 1.55 2.76 1.59 2.37 0.68 -0.87
Guatemala 10 244 0.38 0.16 0.49 0.00 0.33 0.038 1.40 2.69 0.33 3.41 1.76 0.36
Haiti 7 689 0.31 0.09 0.32 0.01 0.05 0.00 0.78 1.39 1.08 2.09 0.30 -0.48
Honduras 5816 0.37 0.21 0.45 0.01 0.37 0.02 1.43 212 0.25 2.37 2.26 0.83
Jamaica 2 495 0.60 0.20 0.12 0.07 1.66 0.038 2.68 3.41 0.95 2.67 0.78 -1.95
Mexico 92 718 0.83 0.48 0.12 0.03 1.19 0.04 2.69 3.06 0.40 1.29 1.65 -1.04
Nicaragua 4 552 0.40 0.20 0.32 0.01 0.32 0.02 1.26 2.36 0.27 3.04 4.22 2.96
Panama 2677 0.61 0.48 0.17 0.11 0.94 0.05 2.35 2.49 0.57 3.00 4.18 1.82
Paraguay 4 957 0.46 0.83 0.92 0.00 0.46 0.18 2.84 2.89 0.20 1.53 5.53 2.68
Peru 23944 0.38 0.17 0.14 0.22 0.41 0.02 1.33 3.26 0.08 3.17 9.23 7.90
Trinidad & Tobago 1270 0.48 0.11 0.11 0.038 1.58 0.11 2.43 3.47 0.16 3.78 0.77 -1.66
Uruguay 3 242 0.81 2.37 0.52 0.02 1.00 0.19 4.91 3.79 0.82 1.08 5.13 0.22
Venezuela 22 311 0.48 0.42 0.07 0.05 1.73 0.13 2.88 3.41 0.36 2.68 5.89 3.01
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Population  Cropland  Grazing land Forest Fishing CO, Built-up Total 1 ha local 1 ha local 1 ha local Existing National
footprint footprint footprint ground footprint land ecological cropland grazing forest biological ecological
footprint footprint footprint land capacity deficit
(area units (area units (area units (area units (area units (area units (area units (in area (in area (in area (area units (area units
(thousands) per person) per person) per person) per person) per person)  per person) per person) units) units) units) per person) per person)
NORTH AMERICA 299 385 1.44 1.06 1.23 0.06 7.06 0.91 11.77 6.13 -5.64
Canada 29 947 1.70 0.84 1.05 0.06 3.62 0.40 7.66 3.55 0.1 0.78 11.16 3.50
United States of America 269 439 1.41 1.09 1.26 0.06 7.45 0.97 12.22 6.29 0.76 1.37 5.57 -6.66
WESTERN EUROPE 384 458 1.20 0.85 0.47 0.08 3.30 0.37 6.28 2.93 -3.35
Austria 8 053 1.20 0.74 0.96 0.04 2.15 0.36 5.45 6.81 4.61 3.88 415 -1.30
Belgium-Luxembourg 10 521 0.86 0.81 0.49 0.06 3.17 0.49 5.88 9.60 12.63 3.01 2.30 -3.58
Denmark 5241 1.95 0.89 0.83 0.35 5.48 0.38 9.88 7.55 10.19 3.67 5.68 -4.19
Finland 5126 1.02 0.84 2.44 0.17 3.16 0.82 8.45 416 1.06 1.79 9.77 1.32
France 58 251 1.32 0.91 0.46 0.09 4.00 0.50 7.27 9.11 3.66 2.42 4.27 -3.01
Germany 81 909 0.93 0.70 0.40 0.04 3.85 0.39 6.31 7.65 7.27 3.52 2.48 -3.83
Greece 10 532 1.53 0.81 017 0.10 2.75 0.23 5.58 4.36 2.68 0.27 2.31 -3.27
Ireland 3634 2.01 1.87 0.46 0.05 4.79 0.24 9.43 8.71 3.83 2.73 6.71 -2.72
Italy 57 366 1.33 1.24 0.36 0.08 2.34 0.16 BB 5.98 4.04 2.50 1.92 -3.59
Netherlands 15 541 0.73 1.18 0.46 0.08 2.95 0.36 8.1 9.69 18.09 3.23 2.41 -3.35
Norway 4 372 0.78 0.88 1.1 0.55 1.83 0.98 6.13 4.81 5.23 1.54 6.14 0.01
Portugal 9 859 1.27 0.69 0.51 0.18 1.95 0.38 4.99 2.59 1.84 1.95 2.23 -2.76
Spain 39 593 1.83 0.59 0.34 0.13 2.40 0.21 5.50 4.08 0.88 1.58 2.52 -2.98
Sweden 8 832 1.10 0.78 1.58 0.08 3.04 0.96 7.53 6.08 1.19 1.91 8.02 0.48
Switzerland 7198 0.80 1.01 0.45 0.05 3.87 0.45 6.63 8.74 4.33 2.82 2.31 -4.33
United Kingdom 58 431 1.03 0.69 0.36 0.05 3.80 0.37 6.29 8.95 2.73 2.22 1.83 -4.46
CENTRAL AND
EASTERN EUROPE 342 817 0.73 0.62 0.28 0.05 2.87 0.34 4.89 2.96 3.14 -1.75
Albania 3 151 0.67 0.91 0.06 0.00 0.18 0.03 1.86 3.01 3.48 0.46 1.38 -0.48
Belarus 10 379 1.28 0.95 0.94 0.02 1.96 0.12 5.27 3.08 2.13 1.60 3.47 -1.80
Bosnia and Herzegovina 3422 0.59 0.23 0.01 0.00 0.45 0.02 1.29 3.32 0.83 0.97 1.39 0.10
Bulgaria 8 448 0.85 0.46 0.17 0.01 2.19 0.13 3.81 2.33 1.02 1.82 2.01 -1.80
Croatia 4 488 0.51 0.31 0.26 0.01 1.20 0.07 2.35 5.07 0.70 2.30 2.19 -0.17
Czech Rep. 10 316 1.20 0.51 0.43 0.05 3.88 0.24 6.30 5.25 3.18 3.72 2.93 -3.37
Estonia 1466 1.97 0.77 0.27 0.10 3.87 0.15 712 2.68 1.14 1.73 4.03 -3.10
Hungary 10 193 1.64 0.41 0.21 0.04 2.31 0.39 5.01 4.92 1.38 2.85 3.07 -1.94
Latvia 2 499 0.92 0.54 0.72 0.12 1.28 0.17 3.74 2.65 1.42 2.25 4.08 0.33
Lithuania 3715 1.33 0.73 0.51 0.11 1.98 0.10 4.76 3.05 1.71 2.85 3.72 -1.04
Macedonia 1975 0.77 0.29 0.18 0.03 1.91 0.06 3.24 3.12 0.66 0.48 1.19 -2.05
Moldova 4 376 0.92 0.29 0.06 0.00 0.91 0.30 2.47 2.71 1.56 1.27 1.70 -0.77
Poland 38 659 1.39 0.55 0.34 0.04 2.98 0.09 5.40 3.80 3.04 2.45 2.35 -3.05
Romania 22 633 0.98 0.55 0.31 0.04 1.45 0.17 3.49 2.95 1.42 2.65 2.39 -1.10
Russian Federation 147 876 0.33 0.64 0.27 0.06 3.56 0.49 5.36 3.37 0.46 0.52 4.09 -1.26
Slovakia 5 365 0.46 0.42 0.49 0.04 2.36 0.17 3.94 5.49 1.22 2.83 2.02 -1.92
Slovenia 1995 1.15 0.70 0.60 0.04 2.84 0.07 5.40 5.34 2.70 2.35 2.63 -2.77
Ukraine 51 254 0.74 0.65 0.13 0.01 2.77 0.45 4.76 2.67 1.54 1.08 2.26 -2.49
Yugoslavia 10 607 1.13 1.02 0.12 0.05 1.52 0.01 3.85 3.85 2.38 1.08 1.84 -2.01
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Table 3: LIVING PLANET INDEX: 1970-1999

INDEX

Year 1970 1975 1980 1985 1990 1995 1999
Forest Species Population Index 100.0 95.0 100.4 94.7 93.0 83.6 87.6
upper confidence limit 110.7 113.0 107.0 103.6 99.4 113.7
lower confidence limit 81.5 89.1 83.8 83.4 70.3 67.5
Freshwater Species Population Index 100.0 97.4 89.4 7.7 7.7 57.5 491
upper confidence limit 122.3 104.5 94.5 92.7 83.8 56.5
lower confidence limit 77.6 76.4 63.8 55.4 39.4 42.6
Marine Species Population Index 100.0 95.0 93.7 84.3 741 67.9 64.5
upper confidence limit 132.6 119.4 113.5 105.2 85.1 79.8
lower confidence limit 68.0 73.5 62.6 52.2 54.2 52.1
Living Planet Index 100.0 95.8 94.5 85.5 79.6 69.7 67.0
upper confidence limit 121.9 112.3 105.0 100.5 89.4 83.3
lower confidence limit 75.7 79.7 70.1 63.7 54.6 54.0
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TECHNICAL NOTES

LIVING PLANET INDEX

The LPI is generated by averaging three separate
indices for forest, freshwater, and marine species
populations. Each is set at 100 in 1970 and given
an equal weighting. The species population data
used in Boxes 1-6 (page 3) come from the
following sources. The silvery gibbon comes from
Nowak and Paradiso (1983), Kool (1992), and
Nijman and van Balen (1998); Kemp's ridley turtle
from Marquéz et al. (1999); lesser white-fronted
goose from Scott and Rose (1996); sparrowhawk
from Crick et al. (1997); gharial from Crocodile
Specialist Group (1996), Groombridge (1987),
Groombridge (1982), and Thorbjarnson (1992);
bluefin tuna from Ransom Myers fish population
database online. The population data for all other
species used in the LPI come from data sources
too numerous to include in this report, but a full
list can be found on the WCMC website at
WWW.UNep-wcmece.org.

FOREST SPECIES POPULATION INDEX

The forest species population index is the
average of two indices relating to temperate and
tropical forests, respectively. The temperate forest
component of the index is calculated from the
change over time in the populations of 275
temperate forest species. The tropical forest
component is based on the change over time in
populations of 44 tropical forest species. The
species in the index are predominantly birds and
mammals. These 319 species represent all those
for which we were able to find population
estimates for more than one point in time. The
bias in the data towards temperate forests and
birds and mammals reflects the concentration of
research effort over the past 30 years. In many
cases the data are not for an entire species, but
just one sub-population of that species.

The last four years of the index, 1995-99, are
based on far fewer population datasets than the
part of the index covering 1970-95. The reliability
of this recent part of the index is therefore much
lower. It will improve as new data become
available in future years. The upturn in the tropical
forest index from 1995 to 1999, and the
downturn in temperate forests, could be an
artefact of the small number of datasets available
for this period.

Deforestation. Data for 1990 are WCMC figures
for current forest area for each region. These
come from a variety of national and international
sources, including remote sensing, and a variety
of dates. Forest cover is defined as closed forest,
which in general refers to canopy cover of more
than 30 per cent.

Time series data were generated by projecting
deforestation rates back and forward from 1990.
For Africa, Asia/Pacific, and Latin America and
the Caribbean, deforestation rates for 1980-95
are from the Forest Resources Assessment of the
United Nations Food and Agriculture Organization
(FAO) (1995) and State of the World’s Forests
(FAO 1997). For 1970-80, deforestation rates
from Singh and Marzoli (1995) have been applied
to each region. The latter only applied to the
tropical parts of these regions. For Europe,
changes are taken from the Dobris Assessment
(European Commission 1995) which has figures
for changes in forest extent for 29 European
countries, including Eastern Europe, for the
decades between 1960 and 1990. Figures for
changes in Australasia and North America are
from the FAO (1995). Data are missing for forest
changes in North America before 1980 so it is
assumed that no overall change has taken place.
It is also assumed that there was no change in
forest area in the Russian Federation from 1980
to 1990. The deforestation rates for the period
1995 to 2000 are estimates based on regional
changes in forest cover from 1990 to 1995
according to the FAO (1997). These numbers
may well underestimate the actual extent of
deforestation as there has been an increase in the
number and severity of forest fires over the last
five years, especially in the tropics.

Original forest cover was compiled from six
potential vegetation datasets which, between
them, cover the globe (Bohn and Katenina 1994,
Carnahan n.d., Dinerstein et al. 1995, Kuusela
1994, Milanova and Kushlin 1993, and White
1983). The map of current forest cover is adapted
from WCMC (2000).

FRESHWATER SPECIES POPULATION INDEX
The freshwater species population index is the
average of six regional indices relating to Africa,
Asia/Pacific, Australasia, Europe, Latin America
and the Caribbean, and North America,

respectively. The six indices between them
contain time series data on 194 species
populations, comprising 7 African species, 32
Asia-Pacific species, 8 Australasian species, 55
European species, 11 Latin American and
Caribbean species, and 81 North American
species. These include all those for which time
series data could be found. In many cases the
data are not for an entire species, but just one
sub-population of that species. More data are
available from Europe and North America than
any other region of the world, which is a reflection
of research effort over the past 30 years. The
index is the average of all six regional sub-indices,
with equal weight given to each region. The last
four years of the index, 1995-99, are based on
far fewer population datasets than the part of the
index relating to the years 1970-95. The reliability
of this part of the index is therefore much lower.
It will improve as new data become available in
future years. Some of the species used in
calculating the index are given on page 6.
Evidence for global amphibian population
declines comes from Houlahan et al. (2000). The
map of freshwater ecosystems of the world is
adapted from WCMC (2000).

MARINE SPECIES POPULATION INDEX

The Marine Species Population Index is the
average of six sub-indices which relate to the
North Pacific, North Atlantic, Indian, South
Pacific, South Atlantic, and Southern Oceans,
respectively. The six indices contain time series
data on 217 species populations, comprising 72
North Pacific species, 65 North Atlantic species,
16 Indian Ocean species, 17 South Atlantic
species, 35 South Pacific species, and 12
Southern Ocean species. The 217 species in
the index include all those for which time series
population data could be found. In many cases,
the data are not for an entire species, but just
one sub-population of that species. Inevitably,
the index is dominated by those species which
researchers have an interest in monitoring. Far
more data are available on populations from
northern temperate waters than from southern
temperate or tropical waters. To give equal weight
to data from different oceans, the Marine Species
Population Index is the average of all six ocean
sub-indices. The last four years of the index,

1995-99, are based on fewer populations
datasets than the part of the index relating to the
years 1970-95. The reliability of this part of the
index is therefore much lower. Reliability will
improve as new data become available in future
years. Some of the species in the index are given
on page 8.

The areas of coral reef and mangrove
ecosystems in the world’s oceans are taken from
WCMC (2000) and Spalding et al. (1997); the
map is adapted from WCMC (2000).

ECOLOGICAL FOOTPRINT

The Ecological Footprint analysis measures the
amount of the globe’s biological productivity an
individual or a country occupies in a given year.
The analysis is based on data published by
United Nations agencies and the
Intergovernmental Panel on Climate Change.
The method achieves this by measuring the
ecological impact of humanity in terms of the
biologically productive land and water area
required to produce the resources consumed and
to assimilate the wastes generated by humanity,
using prevailing technology. This area, called the
Ecological Footprint, represents the fraction of the
biosphere necessary to maintain the current
material throughput of the human economy,
under current management and production
practices.
Ecological Footprint calculations are based on
five assumptions:
= it is possible to keep track of most of the
resources people consume and many of the
wastes people generate;
= most of these resource and waste flows can
be converted into the biologically productive
area that is required to maintain these flows;
n these different areas can be expressed in the
same unit once they are scaled proportionally
to their biomass productivity. In other words,
each particular hectare can be expressed as
the equivalent area of world-average land
productivity;
= since these areas stand for mutually exclusive
uses, and each standardized hectare
represents the same amount of biomass
productivity, they can be added up to a total —
this total represents humanity’s demand;
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TECHNICAL NOTES continued

= this area for total human demand can be
compared with nature’s supply of ecological
services since it is also possible to assess the
area on the planet that is biologically
productive.

The results underestimate human impact and

overestimate the available biological capacity by:

= counting each area only once, even if the area
provides two or more ecological services at
once;
= choosing the more conservative estimates
when in doubt;
= including current agricultural practices as if
current industrial yields would not cause any
significant long-term damage to the soil
productivity;
= |eaving out some human activities for which we
have insufficient data;
m excluding those activities that systematically
erode nature’s capacity to regenerate. They
consist of:
= uses of materials for which the biosphere
has no significant assimilation capacity (e.g.
plutonium, polychorinated biphenyls (PCBs),
chlorofluorocarbons (CFCs)).

= processes that irreversibly damage the
biosphere (e.g. species extinction, aquifer
destruction, deforestation, desertification).

A nation’s consumption is calculated by adding

imports to, and subtracting exports from,

domestic production. To put it in mathematical

terms: apparent consumption = production +

imports — exports (see explanation of apparent

consumption on page 13). This balance is
computed for 72 categories, such as cereals,
timber, fishmeal, coal, and cotton. These resource
uses are translated into area units by dividing the
total amount consumed in each category by its
ecological productivity (or yield). In the case of CO,
emissions, the total is divided by the assimilation
capacity of forests. Some of the resource and
waste categories are primary resource uses (such
as raw timber or milk), while others are
manufactured products that are derived from the
primary ones (such as paper or cheese). For
example, if one tonne of pork meat is exported,
the amount of cereals and energy required to

produce this tonne of pork is translated into a

corresponding biologically productive area and

then subtracted from the exporting country’s
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footprint. This amount is added to the importing
country’s ecological footprint.

Biomass yields, measured in dry weight, are
taken from statistics from the FAQ. In the case of
sea space, the production of fish protein is
directly compared to the animal protein
production of grain-fed poultry. World-average
space has consequently an equivalence factor
and a yield factor of 1. Thus, the physical
extensions of the global areas of biologically
productive space and those areas adjusted with
the equivalence and yield factors add up to the
same global total. Every year has its own set of
equivalence factors since land-use productivities
change over time.

The land-use types of the ecological footprint
Our accounts include six land-use types for
human activities. All compete for biologically
productive space. They are:

= growing crops for food, animal feed, fibre, oil
crops, and rubber

grazing animals for meat, hides, wool, and milk
harvesting timber for wood fibre and fuelwood
fishing

accommodating infrastructure for housing,
transportation, capturing solar, wind, and
hydro energy, and industrial production

= burning fossil fuel.

Once the human impacts are expressed in the
standardized area units, these footprint
components are added up.

Growing crops occupies arable land, the most
productive land of all. The FAO estimates that
today there are about 1.3 billion hectares of
arable land worldwide — not including arable land
used as pasture. Using FAO harvest and yield
data for 18 categories of crops, we traced the
use of arable land for crop production (FAO1998
(8), 1997 (4), 1999 (8)). These accounts are
underestimates since due to lack of consistent
datasets other impacts from current agricultural
practices are not accounted for; these include
long-term damage from topsoil erosion;
salination; and contamination of aquifers with
agro-chemicals.

Grazing animals requires pastures. We combine
pasture and wooded (= lightly forested) area into
one land-use type, and assume that deforestation
increases the size of this type. Worldwide, there

are 4.6 billion hectares of pasture and wooded
area, including the arable land used as pasture.
We calculated the demand for pasture using FAO
data (1998(3), 1997(4), 1999(8)).

Harvesting timber requires natural forests or
plantation forests. Worldwide there are 3.3 billion
hectares of such forests according to current FAO
land-use statistics. We estimated forest areas and
productivities using a variety of sources (IPCC
1997, FAO 1997Db, Dixon et al. 1994, FAO
1997c¢). Consumption figures for timber and
fuelwood come from FAO (1998 (5)).

Fishing requires productive fishing grounds. Of
the total ocean area, the 8 per cent concentrated
along the world’s continental coasts provides
over 95 per cent of the marine catch (Pauly and
Christensen 1995). This translates into 3.2 billion
biologically productive hectares of sea space out
of the 36.3 billion hectares of ocean area that
exist on the planet. We used FAO fish catch
figures (1999 (8)), and compared them with
FAQO’s “sustainable yield” figure of 93 million
tonnes per year. The accounts include both fish
catch for fishmeal as well as fish for direct human
consumption. Conversion ratios from fresh fish to
fishmeal were calculated from input to output
data provided by FAO (1999 (8)). Where
insufficient data were available to calculate a
local conversion ratio, we used the global
average. Also, we assumed an additional
bycatch of 25 per cent for all countries, except
Norway, where fishing vessels are required to
land their bycatch.

Accommodating infrastructure for housing,
transportation, industrial production, and
capturing hydro energy occupies built-up land.
This space is the least well documented, since
satellite images often do not have the
necessary resolution to capture dispersed
infrastructure. We used the global total of 0.2
billion hectares of built-up land, consulting a
variety of sources including data from Digital
Chart of the World (ESRI 1993), Eurostat
(2000), the World Resources Institute (1994),
and Costanza et al. (1997). As most human
settlements are located in the most fertile
areas of a country, we assume that built-up
land uses arable land.

Burning fossil fuel adds CO, to the atmosphere.
We calculate the CO, footprint by estimating the

biologically productive area which would be needed
to sequester enough carbon emissions to avoid an
increase in atmospheric CO,. Since the world’s
oceans absorb CO, equivalent to about 35 per
cent of the emissions from fossil fuel combustion
(Watson et al. 2000), we account only for the
remaining 65 per cent, based on each year's
capacity of world-average forests to sequester
carbon. This capacity is estimated by taking a
weighted average across 26 main forest biomes
(IPCC 1997, FAO 1997b, Dixon et al. 1994).
Sequestration capacity is expected to decline
as the atmospheric CO, level and global
temperature increase over the next century.
Alternatively, we could calculate the space
requirement for a fossil fuel substitute provided by
biomass, but such an approach would lead to
even larger space demands. Apart from fossil
fuel, nuclear power is the other commercial
energy that is included in this category. To
simplify, we calculate thermal nuclear at par with
thermal fossil energy. The net embodied trade is
calculated by trade statistics broken down into
109 categories. The energy intensities used for
calculating the embodied energy stem from a
variety of sources (IVEM 1999, Hofstetter 1992).

The footprint and biodiversity?
Conservationists should be suspicious when they
see the ecological systems of the world being
reduced to a few ecosystem categories, as in the
Ecological Footprint analysis. The calculations’
crude simplifications aim to obtain a first-order
estimate of humanity’s ecological demand on
nature and measure it in units that can be
compared with the biosphere’s supply of
ecosystem services. The footprint shows the extent
to which people appropriate nature’s productivity.
By reducing nature to biomass production, many
essential features of the natural world are lost or
blurred. Nevertheless, drawing on biomass only to
the extent that nature can regenerate is a
necessary condition for sustainability.

Quantitative footprint accounts need to be
accompanied by qualitative assessments. Still,
footprints tell a story about the human threat to
biodiversity. They document the dominance of
the human species on this planet. The critical
consequence is that people’s consumption takes
available space away from other species.



The footprint of non-renewable resources,
toxic substances and water

Non-renewable resources from the Earth’s crust
are included in these accounts only to the extent
that their use damages the biosphere, for
instance through mining, processing, and
burning of fossil fuels. We classify these non-
renewable resource stocks as financial rather
than ecological assets, because they do not add
ecological capacity to the biosphere. After all,
non-renewable resources are not used up. They
are only diluted and dispersed. Ultimately, it
would be a matter of investing energy to
concentrate themagain. Therefore, embodied
energy is a good proxy measure of their
Ecological Footprint (as long as the substances
are not toxic).

Two significant categories of human demands
on nature are not included in the presented
accounts: the use of freshwater and the release
of solid, liquid, and gaseous waste (apart from
CO,). Freshwater collection and waste
assimilation can be secondary functions of land
areas. But in many cases they are not. In arid
parts of the world where water is a limiting
factor, water use competes directly with other
primary ecosystem functions. Similarly,
excessive waste emissions can start to
compromise primary functions. However, we
have not been able to identify reliable data
sources that document this impact and have
therefore not included them. This leads to a
further underestimate of the true impact of
human activities on the planet.

GLOSSARY

area unit one hectare of biologically productive space with world-average productivity. In 1996 the
biosphere had 12.6 billion hectares of biologically productive space corresponding to roughly one

quarter of the planet’s surface. These 12.6 billion hectares of biologically productive space include
3.2 billion hectares of ocean and 9.4 billion hectares of land. The land space is composed of

1.3 billion hectares of cropland, 4.6 billion hectares of grazing land, 3.3 billion hectares of forest

land, and 0.2 billion hectares of built-up land.

available biological capacity the amount of biologically productive space that is available for human

use.

biological capacity the total biological production capacity per year of a biologically productive
space, for example inside a country. It can be expressed in “area units”, i.e. the equivalent area of

space with world-average productivity.

biologically productive space the land and water area that is biologically productive. It is land or
water with significant photosynthetic activity. Marginal areas with patchy vegetation and non-

productive areas are not included.

ecological deficit the amount by which the ecological footprint of a population (e.g. a country or
region) exceeds the biological capacity of the space available to that population.

ecological footprint a measure of how much productive land and water an individual, a city, a
country, or humanity requires to produce all the resources it consumes and to absorb all the waste
it generates, using prevailing technology. This land could be anywhere in the world. The ecological

footprint is measured in “area units”.

equivalence factor a factor which translates the specific land use (such as world-average cropland)
into a generic biologically productive area (global average space) by adjusting for biomass productivity

(see also “yield factor”).

overshoot the situation when human demand exceeds nature’s supply at the local, national, or

global scale.

yield factor a factor which describes the extent to which a local land-use category (e.g. cropland)
is more productive than the world average in that same category (see also “equivalence factor”).
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