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Foreword

eople affect the environment as they

interact with it, using it for food,

shelter, and recreation and making
changes to better suit their needs, purpos-
es, and inclinations. Through our ability
to adapt natural resources to our use, we
have altered the environment in ways that
can now be objectively measured. Our
presence on the Earth can be seen through
changes on the landscape, as viewed from
space. This publication presents images
from space that portray the nature and
extent of our impact on the planet.

Change is inevitable and an integral
part of our planet, our environment, and
even us. Our ability to adapt to diverse
surroundings has allowed us to overcome
many environmental constraints and tailor
the planet to our benefit. We harnessed
fire, cultivated plants and domesticated ani-
mals. We built homes, then villages, and
then cities. We became “hewers of wood
and drawers of water.” We built tools and
discovered how to quarry rocks and later
metals. Each advance allowed us to further
adapt to and affect the environment that
shaped us.

Our ability to act positively to safeguard
our heritage and natural wealth may be

affected by the consequences of our suc-
cess, however. As our numbers have
increased, we have also evolved socially
and culturally, applying different beliefs
and practices to living in and using the
environment. What we do affects those far
away from us, even those separated from
us by mountains, deserts, and oceans. Our
activities change the planet in ways that
affect our health as well as the health of the
plants and animals upon which we depend.
We harvest the seas, consume water and
energy resources, and convert forests into
pasture and cropland. We must be ever
conscious of the potential to overuse

the land and stress it in ways that it

cannot bear.

Our growing populations and settle-
ments make life easier in some ways, but
also make us more vulnerable to massive
earthquakes, volcanic eruptions, and other
disasters. Imagine what would happen in
Italy today if Vesuvius erupted on the same
scale it did when it destroyed Pompeii.

We have gravitated to the shores, mak-
ing ourselves more vulnerable to storms
and hurricanes. We have settled along
rivers, making ourselves more vulnerable
to floods. We have spread into marginal

Klaus Topfer, Ph.D.
Executive Director
United Nations Environment Programme

climates, making ourselves more vulner-
able to drought. Wildfires threaten some
of our cities and settlements, just as they
do our forests and croplands. Each of
these events can affect hundreds of thou-
sands of people, and the cost of protecting
ourselves and reducing the risk of disaster
continues to increase. Our own activities
can also lead to disasters such as oil spills
and nuclear and industrial accidents that
can devastate as much as any natural event.

Our dilemma is to avoid the most prob-
lematic consequences without constraining
our need and ability to provide the world’s
inhabitants with the environment and
resources that will enable every person to
pursue an equitable life with all that such a
life entails.

The images presented here show both
the positive and negative impacts of hu-
man life on Earth. We hope also they will
provide food for thought, as we seek ways
to balance our use of the Earth’s resources
with the need to sustain the environments
that produce them and support the living
systems that we value so highly.

',“'/':‘“ o ’,'“" PR é/”// / -Z S ~ E l“‘ & Ve V.L .

Ghassem Asrar, Ph.D.
Science Deputy
Associate Administrator

Director

National Aeronautics
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Charles G. Groat, Ph.D.
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John Townshend, Ph.D.
University of Maryland
Chaur; Advisory Committee
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Preface

ur population is growing, yet our
O land base is currently fixed. With

each new inhabitant comes a
need to make more modifications to the
Earth’s environment. The impacts of these
modifications may be both detrimental
and beneficial. For example, we estimate
that the Earth is losing 15 million hectares
of tropical forest land per year, a loss that
has a negative effect on biodiversity. At the
same time, much of this deforested land
is being converted to agricultural land to

and have taken actions to preserve and
sustain them. This publication illustrates
some of the changes we have made to the
environment in the recent past. It serves
both as an early warning for things that
may come and as a basis for developing
policy decisions that can help sustain the
Earth’s and our own well-being.

The first chapter of this atlas provides a
short environmental history of the world,
one that illustrates how we got to where we
are. Chapter 2 looks at the people and the

water ecosystems, forests, cropland, grass-
lands, urban areas, and tundra including
polar regions. Chapter 4 illustrates changes
that are the result of extreme events, both
natural and human-induced.

These examples raise many questions.
What is our likely environmental future?
Are we better or less prepared for environ-
mental change? What can people do to
create a better future? The answers depend
on the actions we choose to take.

. . . .. . . f.__
f?Cd our growing population; this is a posi- planet today, covering status and trends /i /
tive effect. over the last 30 years. Chapter 3 examines /j,r A foql —
In the past 30 years—since the United common issues regarding the Earth’s land
Nations Conference on the Human Envi- cover and provides examples that illus-
. . . Steve Lonergan, Ph.D.
ronment in Stockholm in 1972—we have trate environmental status, trends, causes Director

made a concerted effort to understand the
limits of the Earth’s bountiful resources
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and consequences of change in the atmo-
sphere, oceans and coastal zones, fresh-
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Topographic Map of the World
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Introducing the Planet
A Story of Change

n our solar system, a single plan-

et—the Earth—supports human life.

World population is increasing. Yet

for the moment, the Earth remains
the only home for the human species. The
way in which we care for this planet will
affect our future and the future of our chil-
dren for generations to come.

Seen from space, the Earth is largely a
blue planet around which swirls of white
clouds constantly move. The Earth’s blue
areas are its oceans. Oceans account for
approximately 70 per cent of the Earth’s
total surface area; the remaining 30 per
cent is land. The total size of the terrestrial
surface is approximately 149 million km?
(59.6 million square miles) (McNeill 2000;
Grace n.d.).

The Earth’s land surface is rich in its

variety. The highest point on the Earth’s
land surface is Mount Everest, a breathtak-

ing 8 850 m (29 035 ft) above sea level.
The lowest point is the Dead Sea, which is,
on average, about 400 m (1 312 ft) below
sea level. Terrestrial surfaces gain and lose
heat much more quickly than oceans and a
region’s distance from the equator dramat-
ically affects its climate. Lands

expand and develop in countless ways. In
fact, the Earth is constantly changing, as

is our understanding of it (Figure 1.1).
Some changes to the Earth’s surface occur
on microscopic levels. Other changes take
place on a scale so large as to be almost

nearest the equator tend to be
the warmest. Those that lie in
the middle latitudes typically
have cooler climates, but are

— The Buddha (Siddartha Gautama)

not as cold as lands near the

poles. Some 20 per cent of

the Earth’s terrestrial surface is covered by
snow. Another 20 per cent is mountainous.
Just 30 per cent of the Earth’s land surface
is suitable for farming.

Most people are accustomed to see-
ing the world around them as a relatively
stable place, a generally nurturing environ-
ment that has allowed the human race to

inconceivable. Some types of change are
instantaneous, while other types occur
slowly, unfolding over centuries, millennia,
and even eons. Some changes are caused
by the actions of people. Many others are
part of natural, inexorable cycles that can
only be perceived when cataclysmic events
occur or through painstaking research.

‘&h—--

Credit: Blue Marble/UNEP/NASA (2002)

Figure 1.1: The Earth’s surface has changed dramatically
over time—as has our understanding of it. Early ideas
about the shapes and locations of the continents, for
example, were far different from what is known about the
land surface today.

Credit: Unknown/UNEP/ Tapestries&More



Table 1.1 — Approximate change of the Earth’s global vegetative cover in relation to human population

(Adapted from McNeill 2000).

Per cent of the Earth’s Vegetated Land Area

Year Forest and Human Population
Woodland  Grassland Pasture Cropland (Billions)
8000 B.C. 51 49 0 0 0.005
1700 A.D. 47 47 4 2 0.6
1900 43 40 10 6 1.6
1920 43 38 12 7 19
1940 41 85 16 8 2o
1960 40 31 20 9 3.0
1980 38 26 25 11 4.4
1990 36 27 26 11 5.3

Agents of Environmental Change

From the Earth’s earliest beginnings, forces
such as climate, wind, water, fire, earth-
quakes, volcanic eruptions, and the im-
pacts of meteors and comets have shaped
the Earth’s terrestrial environments. These
same forces are at work today and will con-
tinue far into the future. In addition, every
living thing influences its environment and
is influenced by it. One species may lessen
the chances for survival of the organisms it
consumes for food. That same species, in
turn, is affected by the actions of

other organisms.

In order to survive, every organism must
either adapt to its environment or modify
the environment to make it more hospi-
table. Humans are particularly adept at
modifying their environments. By their ac-
tions and interactions with the landscape,
for example, people can increase the range
of certain plant species, either by modify-
ing existing environments or by dispers-
ing seeds into new ones. Environmental
modifications made by people may be
beneficial or detrimental to a few or many
other species. Large-scale environmental
changes may not benefit or be to the liking
of people themselves (Nott 1996). As world

Credit: Paul Fusco/UNEP/NRCS

Credit: Chatree Wanasan/UNEP/Topfoto

population has increased and the scope
and nature of technology has changed,
people have brought about environmental
changes that may seriously impact their
future well-being and even survival.

Humans began modifying their envi-
ronment a long time ago (Table 1.1). Evi-
dence of the existence of our first human-
oid ancestors dates to the Pliocene Epoch,
which extended from roughly 5 million
to 1.8-1.6 million years ago (Wikipedia
n.d.). These protohumans sought protec-
tion from the elements and from preda-
tors in natural shelters such as caves and
rock overhangs. Over time—and possibly

Five Major Events in the History of the Earth

Throughout the Earth’s history, events have occurred that dramatically impacted life on our
planet. Five of those events stand out as having resulted in widespread extinctions, in some cases
destroying more than 90 per cent of all living things (Eldredge 2001):

® Around 440 million years ago, a relatively severe and sudden global cooling caused a
mass extinction of marine life (little terrestrial life existed at that time). An estimated 25
per cent of the existing taxonomic families were lost. (A family may consist of a few to
thousands of species.)

¢ Near the end of the Devonian Period, some 370 million years ago, a second major
extinction occurred. Roughly 19 per cent of the existing taxonomic families were
wiped out. It is uncertain whether climate change was a driving factor.

¢ About 245 million years ago, a third major extinction took place. Scientists
estimate that more than half (54 per cent) of all taxonomic families were lost.
Climate change may have played a role, and that change may have been caused
by a comet or meteor impacting the Earth.

® At the end of the Triassic Period, around 210 million years ago, roughly 23
per cent of existing taxonomic families suddenly became extinct. This event
occurred shortly after the appearance of the first dinosaurs and mammals. Its
causes are not yet fully understood.

¢ The fifth major extinction is the most well-known. It occurred about 65 mil-
lion years ago at the end of the Cretaceous Period. The event led to the ex-
tinction of all terrestrial dinosaurs and marine ammonites, along with many
other species occupying many different habitats. All told, approximately 17
per cent of all taxonomic families vanished in a very short time. Currently,
the most widely accepted hypothesis to explain this mass extinction is that a
comet or other large extra-terrestrial object struck the Earth. Another view
proposes that a great volcanic event, or series of events, disrupted ecosys-
tems so severely worldwide that many terrestrial and marine species rapidly

succumbed to extinction.
Credit: Unknown/UNEP/Bigfoto



Fire—A Tool for Humankind

For thousands of years humans have used fire for:
Hunting
By setting fire to parts of the landscape, people were able to drive game
animals into smaller, more confined areas that made hunting easier. Fire
was also used to drive animals into impoundments, chutes, river or lakes, or
over cliffs. Fires also helped maintain open prairies and meadows by killing
bushes and trees and encouraging rapid growth of grasses.
Improving plant growth and yields
Setting fires was a way to improve grass for grazing animals, both wild and
domestic, and to promote the growth of certain desirable plant species.
Protection
Fire was used to protect human habitations.
Collecting insects
Some tribes used “fire surrounds” to collect and roast crickets, grasshoppers,
and moths. People also used fire smoke to quiet bees while collecting honey.
Managing pests

Fire was a handy tool for reducing or driving away insect pests such as flies
and mosquitoes as well as rodents. Fire was also effective for eliminating
undesirable plants.

Warfare and signaling

Fire was both an effective defensive and offensive weapon. Offensively, it was
used to deprive enemies of hiding places in tall grasses or underbrush. Used
defensively, fire could provide cover during an escape. Smoke signals helped
alert tribes to the presence of possible enemies or to gather forces to combat

a foe. Large fires were set to signal a tribal gathering.

Clearing areas for travel

Fires were sometimes started to clear trails through dense vegetation.
Burning helped to improve visibility in forests or grasslands for hunting

and warfare.

Felling trees

Singed or charred trees were easier to fell and to work with.

Clearing riparian areas

Fire was used to clear vegetation from the edges of lakes and rivers.

Managing crops

Burning was later used to harvest crops and collect grass seeds. Fire also
helped prevent abandoned fields from becoming overgrown and was em-

ployed to clear areas for planting.

Credit: Jeff Vanuga/UNEP/NRCS

influenced by the onset of colder weather
during the Ice Ages—they created dwelling
places for themselves in locations that had
no natural shelter.

The oldest surviving traces of such a
human-made habitation date to about
2 million years ago from Olduvai Gorge
in central Africa. There, a small circle of
stones was found stacked in such a way as
to apparently have held branches in posi-
tion. This early example of modification
of the environment was the work of Homo
habilis, a tool-making human ancestor
(Kowalski n.d.).

The Pleistocene Epoch, including the
Paleolithic and Mesolithic Periods (Wiki-
pedia n.d.), is usually dated from the end
of the Pliocene to 10 000 years ago. The
Paleolithic Period, or Old Stone Age, is a
term coined in the 19th century to define

the oldest period in the history of human-
kind. It lasted for some 2.5 million years,
from the time human ancestors created
and used the first stone tools to the end of
the last glacial period some 10 000 years
ago. Homo erectus, thought by many to be
the direct ancestor of modern humans,
lived from approximately 2 million to
around 400 000 years ago. As a species,
Homo erectus was very successful in devel-
oping tools that helped in adapting to
new environments. They were pioneers in
developing human culture, ultimately mov-
ing out of Africa to populate tropical and
sub-tropical environmental zones in the
Old World, possibly as early as 1.8 million
years ago.

Homo erectus may also have mastered
the use of fire around 1.6 million years
ago (Mcrone 2000). Fire is an exception-

ally powerful tool. Since most animals,
including large predators, are afraid of
fire, early humans quickly discovered that
campfires offered protection from attack
during the night. Control of fire allowed
them to move into colder regions as it pro-
vided warmth as well as security. Fire also
changed the way food was prepared. Food
that is cooked is less likely to carry disease
organisms and its softer texture makes it
easier to eat, enhancing the survival of
young children and old members of

a population.

The use of fire almost certainly in-
creased during the Paleolithic Period. At
that time, humans were primarily hunter-
gatherers. The role of fire in modern
hunter-gatherer cultures gives us some idea
of its importance during the Paleolithic
and how people then most likely used



it (Williams 2001). Fire was an important
tool in everyday life. It was also a tool with
great potential to modify and change

the environment.

The transition from Homo erectus to
Homo sapiens—our modern human spe-
cies—occurred approximately 300 000
to 400 000 years ago. Throughout the
Paleolithic Period, humans survived by
exploiting resources in their environment
through subsistence activities such as fish-
ing, hunting, and plant gathering. From
ethnographic studies of modern hunter-
gatherers, we can infer that the basic social
unit of Paleolithic times was the band: a
loosely bound, relatively small group (25
people on average) formed by the volun-
tary aggregation of a few families. Bands
were mobile, regularly changing residence
inside a delimited territory according to
fluctuations in the abundance of different
food sources. Inter-regional migrations,
such as those within the Western
Hemisphere, probably took place during
this time.

This mobile life was punctuated by epi-
sodes of reunion, when several allied bands
would meet and perform religious ceremo-
nies. Such occasions would have provided
a time and place for the transmission of
techniques and artistic fashions, promoting
their spread across vast expanses
of territory.

Some 10 000 years ago, a new geological
time period, the Holocene, began. World

sea levels rose about 35 m (116 ft) in the
early Holocene due to melting glaciers. As
the ice melted and glaciers receded, many
land areas that had been depressed by
glacial weight slowly rose as much as 180
m (594 ft) above their late-Pleistocene and
early-Holocene levels. Both sea-level rise
and depressions in the landscape allowed
temporary ocean-water incursions into
regions that are today far from any sea.
Climatic shifts also were very large during
this period. Habitable zones expanded
northwards. Large, mid-latitude areas such
as the Sahara that were previously produc-
tive became deserts. At the start of the
Holocene, large lakes covered many areas
that are now quite arid.

Animals and plants did not undergo
major evolutionary changes during the
Holocene, but there were significant shifts
in their distribution. Several types of large
mammals including mammoths, mast-
odons, saber-toothed cats, and giant sloths
went extinct in the late Pleistocene and
early Holocene. Ecological “islands” of iso-
lated species were created throughout the
world, including high-altitude remnants
of cooler, previously regional climate
ecosystems.

The period from 10 000 to 5 000 or
4 000 years ago is recognized as the Neo-
lithic Period (New Stone Age). It was
preceded by the Mesolithic Period (Middle
Stone Age), which roughly corresponds
with the beginning of the Holocene. The

Mesolithic Period formed a transition
between the Paleolithic and Neolithic
Periods, that is, from the end of the Pleisto-
cene to the introduction of agriculture in
any given geographical region

(Wikipedia n.d.).

The size of the world’s human popula-
tion 10 000 years ago is estimated to have
been around 5 million (IPC 2003a). This
period saw the beginning of agriculture
and the domestication of animals. People
learned to cultivate crops rather than to
simply gather what nature provided in the
wild and to tame and raise animals such as
sheep, goats, cattle, horses, and dogs, rath-
er than hunt them. These activities helped
ensure better food supplies and resulted
in wide-ranging cultural consequences.
Permanent communities were now estab-
lished, since people were no longer depen-
dent on following wild animals or moving
with the seasons. Day-to-day existence
changed from a life of nomadic foraging
to one of permanence. This allowed some
individuals to explore tool production to
refine rude stone tools and improve imple-
ments such as stone-blade knives, bow drills
with flints for starting fires, fish hooks,
axes, and plows. Other people found time
to improve agricultural and pastoral tech-
niques, enabling communities to
grow more food and tend livestock
more effectively.

The cultivation of plants and the do-
mestication of animals dramatically

Credit: Pune Yanachot/UNEP/ Topfoto
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impacted human lifestyles during the The Neolithic Period marked the begin- Agriculture
Neolithic Period. People left their tempo- ning of true civilization, laying the foun- The first cultivation of wild grains some
rary rock and wooden shelters and began dations for major developments in social

12 000 to 10 000 years ago turned hunter-

to build more permanent homes in close evolution such as permanent settlements, . s
.. . . : : . i gatherers into farmers. The transition gave
proximity to their farms and gardens, village life, formalized religion, art, archi- | bund dd dabl
here they started producing cereal grains  tecture, farming, and the production of people a more abundant anc dependable
Wh?rﬁ b Y P s f % . d ’ d 1 8 d p source of food and changed the world
which became an important part of their advanced tools and weapons. forever (Wilford 1997). The practice of

diet (Wadley and Martin 1993).

agriculture first developed in the Fertile
Crescent of Mesopotamia (part of present-
day Iraq, Turkey, Syria, and Jordan). This
region, which was much wetter then than
it is today, was home to a great diversity of
annual plants and 32 of the 56 largest seed-
producing grasses (Primal Seeds n.d.).

Around 11 000 years ago, much of the
Earth experienced long dry seasons, prob-
ably as a consequence of the major climate
change that took place at the end of the
last Ice Age. These conditions favored
annual plants that die off in the long dry
season, leaving a dormant seed or tuber.
Such plants put more energy into produc-
ing seeds than into woody growth. An
abundance of readily storable wild grains

s Figure 1.2: The Earth’s climate system involves
LAMD-USES LAND-COVER CHANGE complex interactions among many elements and
processes. Source: hitp://www.usgerp.gov/usgerp/Library/
0cp2004-5/0cp2004-5. pdf




and other edible seeds enabled hunter-
gatherers in some areas to form perma-
nently settled villages at this time (Primal
Seeds n.d.).

Theories vary as to how agriculture
came into being. Some scientists argue that
rising global temperatures created favor-
able conditions for agriculture. Others
propose that an increase in seasonality
after the last Ice Age encouraged people to
domesticate plants. Still other researchers
maintain that ecological changes, social
development, or a growing human popula-
tion intensified the exploitation of specific
plant species (Baldia 2000).

Another suggestion is that an increase
in carbon dioxide (COy) on a global scale
may have played a critical role in bringing
about the synchrony of agricultural origins
around the globe (Sage 1995). Studies
have shown that a rise in atmospheric CO,
levels would have increased productivity
of many plants by as much as 50 per cent.
Furthermore, the water efficiency of culti-
vated plants increased, giving these plants
a competitive advantage over wild species.

A few scientists have proposed that cli-
matic changes at the end of the last glacial
period led to an increase in the size and
concentration of patches of wild cereals in
certain areas (Wadley and Martin 1993).
Increased availability of cereal grains
provided people with an incentive to make
a meal of them. Those who ate sizable
amounts of cereal grains inadvertently
discovered the rewards of consuming the
various chemical compounds that cereal
grains contain. As processing methods

such as grinding and cooking made cereal
grains more palatable, greater quantities
were consumed.

At first these patches of wild cereals
were protected and harvested. People
began to settle around these food sources.
They gradually abandoned their nomadic
lifestyle and began working together more
cooperatively. Later, land was cleared,
seeds were planted, and seedlings tended
to increase the quantity and reliability of
cereal grain supply.

The rise of more permanent settle-
ments intensified the domestication of

animals. The first candidate for domestica-
tion, around 11 000 years ago, was prob-
ably the dog. The cow was domesticated
around 10 000 years ago. Goats, sheep, and
pigs were added to the growing list of do-
mesticated animals around 8 000 years ago
in western Asia. The horse was first domes-
ticated in northern Russia around 4 000
years ago. Local equivalents and smaller
species were increasingly domesticated
from 2 500 years ago (Wikipedia n.d.).

Farming and herding facilitated the
growth of larger settled human popula-
tions and led to increased competition for
productive lands, laying the foundation for
organized warfare. Food surpluses freed
people to specialize in various crafts, such
as weaving, and, in larger communities,
supported the emergence of a privileged
elite class. Archaeologists and historians
agree that the rise of agriculture, including
the domestication of animals for food and
labor, produced the most important trans-
formation in the interaction between the
environment and human culture since the
last Ice Age—perhaps the most significant
development in human history since the
control of fire (Wilford 1997).

Other milestones in human history that
benefited people and changed the envi-
ronment include:

The Bronze and Iron Ages (roughly 3300
B.C.to 0 A.D.)

The world population approximately 5 000
years ago is estimated to have been about

7 million (IPC 2003a). This period saw the

introduction of metallurgy and mining, the
invention of the wheel, and the domestica-

tion of the horse.

Credits: Michael Van Woert/UNEP/NOAA

— TR Gt
N s

Classical Greece and Rome (0 to about
500 A.D.)

The world population at the beginning of
this period was roughly 200 million (IPC
2003a). During this period, glass was in-
vented and map-making developed.

Middle Ages to the Renaissance (500 to
about 1700)

By this point, world population had grown
to about 250 million (IPC 2003a). The
clock, compeass, telescope, thermometer,
and barometer were developed, enabling
people to expand their knowledge of the
Earth and the Universe.

The Industrial Revolution (1700 — present)

By 1700, world population had risen to
about 600 million (IPC 2003a). This pe-
riod witnessed the development of mecha-
nization and the beginning of serious air
pollution. Industrial changes also led to an
agricultural revolution.

The Agricultural Revolution (1750 — 1900)

By 1750, world population had risen to 790
million (IPC 2003a). In many countries the
way in which farmers produced food be-
gan to change. New crops were exploited
using new technologies such as the seed
drill and the iron plow. These methods of
production produced greater quantities

of more nutritious foods, thereby improv-
ing peoples’ diets and health. Better, more
efficient farming methods also meant that
fewer people were needed to farm. As a
result, unemployed farmers formed a large
new labor force.



The Green Revolution (1944 — present)

In 1944, world population reached 2 350
million (Anon n.d.). A breakthrough in
wheat and rice production in Asia in the
mid-1960s, which came to be known as the
Green Revolution, symbolized the prog-
ress of agricultural science as it developed
modern techniques for use in developing
countries. The Green Revolution had its
origin in Mexico, where a “quiet” wheat
revolution began in the 1940s

(Borlaug 2000).

The goal of the Green Revolution is
to enhance the efficiency of agricultural
processes in order to increase the produc-
tivity of crops, thereby helping developing
countries to meet the needs of their grow-
ing populations. The Revolution consisted
of three primary elements: continuing
expansion of farming areas, double-crop-
ping existing farmlands, and using geneti-
cally improved seeds. Thanks to the Green
Revolution, we are able to grow more crops
on less land.

However, the Green Revolution has
impacted biodiversity and in some areas
water quality and coastal ecosystems. The
new techniques encouraged large-scale in-
dustrial agriculture at the expense of small
farmers who were unable to compete with
high-efficiency Green Revolution crops
(Wikipedia n.d.). Nevertheless, the Green

Revolution is a success. We are able to feed
more people now, than ever before.

The Present Day

World population now stands at 6 billion
people (IPC 2003b). While global resourc-
es were sufficient to support the Earth’s
human population as a whole prior to the
Industrial Revolution, individual groups or
even entire civilizations sometimes reached
environmental limits for a particular re-
source; a number collapsed as a result of
unsustainable hunting, fishing, logging,

or land use practices. The ever-increasing
cultural globalization of the 20th and 21st
centuries has brought with it globalization
of resource degradation, making current
environmental problems an issue for the
entire world rather than for individual,
isolated groups. Although perceived
environmental limits can sometimes be
overcome, neither science nor technology
has yet made possible unlimited supplies of
natural resources or depositories for waste
(Casagrande and Zaidman 1999).

Moderate projections put world popula-
tion at around 8 300 million by 2025 (Fig-
ure 1.3), with the hope that it will stabilize
at roughly 10 000 to 11 000 million by the
end of the century. It took approximately
10 000 years to expand global food pro-
duction to the current level of about 5 000

million metric tonnes per year. By 2025,
production must be nearly doubled. In
order to feed the world’s people through
2025, an additional 1 000 million metric
tonnes of grain must be produced annu-
ally. Most of this increase will have to be
supplied by improving crop yields on land
already in production.

This will not be possible unless farm-
ers worldwide have access to existing

Credit: Lee Tsunhua/UNEP/ Topfoto

high-yield crop production methods as
well as biotechnological breakthroughs
that increase the yield, dependability, and
nutritional quality of our basic food crops
(Borlaug 2000).

Credit: Paulus Suwito/ UNEP/ Topfoto




Figure 1.3: Earth’s shrinking biosphere land area (ha)/capita

1900-2000 AD

Currently, the Earth is the only home we have. With each new person

added to our growing population, the amount of our living space

decreases. Thus we have less land available but an increasing need to
feed more people. This puts more pressure on our limited resources

and exacerbates changes in the environment. Source: Lund and Iremon-
ger 2000

Human beings have been very successful in ex-
ploiting the Earth’s resources. In the process, how-
ever, they have brought about major changes in the
Earth’s ecosystems, especially in recent years:

e half the world’s wetlands were lost during the
last century;

¢ logging and land use conversion have reduced
forest cover by at least 20 per cent, and possibly as
much as 50 per cent;

e nearly 70 per cent of the world’s major marine
fish
stocks are either overfished or being fished at the
biological limit;
¢ over the last half century, soil degradation has af-
fected two-thirds of the world’s agricultural land. It is
estimated that each year some 25 000 million metric
tonnes of fertile topsoil—the equivalent of all of the
wheat fields in Australia— is lost globally (Casagrande and
Zaidman 1999);

* each year, an estimated 27 000 species disappear from the
planet—approximately one every 20 minutes (Casagrande and
Zaidman 1999);

¢ the Earth now appears to be experiencing a sixth mass
extinction event that began about 50 000 years ago with the
expanding role of humans in the world (Recer 2004). Un-
like past events, this mass extinction is being caused by
human activities such as transforming the landscape,
overexploiting species, pollution, and alien species
introductions (Eldredge 2001);

® dams and engineering works have fragmented 60
per cent of the world’s large river systems. They

have so impeded water flow that the time it takes

for a drop of water to reach the sea has tripled;

* human activities are significantly altering
the basic chemical cycles upon which all
ecosystems depend
(Kirby 2000).
Historian J.R. McNeill recently
wrote (McNeill 2000): “It is impos-
sible to know whether humankind
has entered a genuine ecologi-
cal crisis. Itis clear enough
that our current ways are
ecologically unsustain-
able, but we cannot
know for how long
we can yet sustain



them or what might happen if we do.” In
the past, humanity trod relatively lightly on
the Earth, even though civilizations were
intensely concentrated in some places such
as Mesopotamia and the Nile River valley.
Today, however, the evidence from space
shows signs of the human presence in
almost every corner of the planet.

Global concern about the environment
and the fate of the Earth emerged in the
1970s, as did international initiatives to

References

Anon. (n.d.). World population through the years. http://www.
neopage.com/know/worldpop.htm on 19 March 2004.

Baldia, M. O. (2000). The origins of agriculture. Version 2.01.
http://www.comp-archaeology.org/AgricultureOrigins.htm on
19 March 2004.

Borlaug, N. E. (2000). The Green Revolution revisited and the road
ahead. Special 30th Anniversary Lecture, The Norwegian Nobel
Institute, Oslo, Norway, September 8, 2000, 23. http://www.
nobel.se/peace/articles/borlaug/borlaug- lecture.pdf on 1
August 2004.

Casagrande, ]. and Zaidman, Y. (1999). Defining a new balance
between humans and the environment. Changemakers. http://
www.changemakers.net/journal/99September/index.cfm on
18 March 2004.

Eldredge, N. (2001). The sixth extinction. ActionBioscience
Journal. http://www.actionbioscience. org/newfrontiers/el-
dredge2.html on 19 March 2004.

Grace, . (n.d.). World Forests and Global Change. University of
Edinburgh, The Institute of Ecology & Resource Management,
Edinburgh, UK. http://www.ierm. ed.ac.uk/ierm/teaching/
slides.pdf on 7 October 2004.

IPC (2003a). Historical estimates of world population. U.S. Census
Bureau, Population Division, International Programs Center,
Cambridge, UK. http://www.census. gov/ipc/www/worldhis.
html on 19 March 2004.

IPC (2003b). Total midyear population for the world: 1950-2050.
U.S. Census Bureau, Population Division, International Pro-
grams Center, International Data Base, Cambridge, UK. http://
www.census.gov/ipc/www/worldpop.html on 19 March 2004.

address those concerns. In roughly the past
30 years, the environment has borne the
stresses imposed by a four-fold increase in
human population and an eighteen-fold
increase in world economic output (UNEP
2002). Not surprisingly, when scientists
compare recent satellite images of the
Earth’s surface with those taken one or sev-
eral decades ago, the impact people have
had on the planet is obvious and

often disturbing.

Kirby, A. (2000). Humans stress ecosystems to the limit. BBC News,
UK. http://news.bbc.co.uk/1/hi/sci/tech/926063.stm on 19
March 2004.

Kowalski, WJ. (n.d.). http://www.personal.psu.edu/users/w/x,/
wxk116/habitat/ on 19 March 2004.

Lund, H.G. and Iremonger, S. (2000). Omissions, commissions, and
decisions: the need for integrsted resource assessments. Forest
Ecology and Management, 128(1-2): 3-10.

McNeill, J.R. (2000). Something new under the sun — An environ-
mental history of the twentieth century world. W.W. Norton &
Company, New York, USA, 421.

Mcrone, J. (2000). The discovery of fire. New Scientist. May 2000.
http://www.btinternet.com/~neuronaut/webtwo_features_
fire.htm on 18 March 2004.

NASA (2002). Blue Marble: Land Surface, Shallow Water, and
Shaded Topography. http:/ /visibleearth.nasa.gov/view_rec.
php?vevlid=11656 on 18 August 2004.

Nott, A. (1996). Environmental Degradation. http://www.geocities.
com/atlas/env/ on 6 October 2004.

Primal Seeds (n.d.). Agriculture Origins. http://www.primalseeds.
org/agricult.htm on 19 March 2004.

Recer, P. (2004). Many species at risk of extinction. Research
Study. Associated Press. http://story.news.yahoo.com/
news?tmpl=story&u=/ap/wildlife_gone on 19 March 2004.

Sage, R.F. (1995). Was low atmospheric CO2 during the Pleistocene
a limiting factor for the origin of agriculture? Global Change
Biology, 1:93-106. http://www.greeningearthsociety. org/Ar-
ticles/origins.htm on 23 March 2004.

Tapestries and More. http://www.tapestries.cc/Imagehtm/gMap.
html on 12 May 2004.

Credit: Noguchi Yoshi/UNEP/ Topfoto

This atlas vividly illustrates some of the
changes the human race has brought about
on the Earth—both good and bad—over
the past 30 years. In doing so, it also serves
as an early warning for environmental
events that may occur. We hope it will be
useful as a basis for developing policy deci-
sions and promoting individual actions to
help sustain the Earth and ensure the well-
being of its inhabitants.

UNEP (2002). Global Environment Outlook 3 (GEO3) — Past,
present and future perspectives. Earthscan, London, UK, 446.
http://www.unep.org/geo/geo3/ on 4 March 2004.

US Global Change Research Program (2004). Our Changing
Planet: The U.S. Climate Change Science Program for Fiscal
Years 2004 and 2005, 8. http://www.usgcrp.gov/usgcrp/Li-
brary/ocp2004-5/0cp2004-5.pdf on 13 October 2004.

Wadley, G. and Martin, A. (1993). The origins of agriculture — a bio-
logical perspective and a new hypothesis. Australian Biologist
6: 96 — 105. http://www.veganstraight- edge.org.uk/GW_paper.
htm on 19 March 2004.

Wikipedia (n.d.). The free encyclopedia. http://en.wikipedia.
org/wiki/Main_Page on 18 March 2004.

Wilford, J. N. (1997). New clues show where people made the great
leap to agriculture. The New York Times Company. http://
www.spelt.com/origins.html on 19 March 2004.

Williams, G. W. (2001). References on the American Indian use
of fire in ecosystems. U.S. Department of Agriculture: Forest
Service, Washington, DC, USA. http://www. wildlandfire.com/
docs/biblio_indianfire.htm on 15 March 2004.




Nightlight Map of the World

Credit

UNEP/NOAA, NASA






_, . . , T ) ' 4 Credit: Busakorn Bumnabunjizo/ UNEP/ Topfoto



People and Planet
Human Influences on the Planet

umans are a prolific and op-

portunistic species, among

the most successful of all the

Earth’s inhabitants. As the size
of the human population has increased,
people have spread across the globe into
every imaginable habitat. Throughout
human history, people have demonstrated
an uncanny ability to adapt to and survive
in some very harsh places, including, most
recently, outer space and the ocean—at
least for short periods of time.

As human culture has evolved, people
have developed new ways of living in and
using their environment, and of helping
themselves to all that the Earth has to
offer. Their ability to exploit the Earth’s
seemingly endless resources has been a vi-
tal key to the success of the human species.

However, many major advances in
human culture—from the cultivation of
crops and the development of cities to
modern technologies—have tended to
insulate people from the very environment
that shaped them and upon which they
depend. As a group, people have often
forgotten that for every action taken there
is a reaction, an impact.

The impacts of human activities on
the Earth often have both negative and
positive components. For example, when
people convert forests or grasslands to
cropland they improve the means by
which to feed their ever-growing numbers.
At the same time, they invariably reduce
biological diversity in the converted areas.
Over time, people have rarely been fully
aware of the tremendous change they have
wrought on the Earth or that their success-
es have often been achieved at the expense
of other species and the environment.

Since the early 1970s, many excellent
texts have been written about the plight
of the world (Heywood 1995; Middleton
1997; WRI 2000; Chew 2001; FAO 2001;
Harrison and Pearce 2001; IPCC 2001;
McNeill 2001; UNEP 2002a). This atlas
supplements these works by providing
illustrations of both positive and negative
human-caused changes that have taken
place on the Earth. Satellite images, to-
gether with photographs, provide a unique
view of how people are impacting the ter-
restrial environment and what the conse-
quences of environmental change mean
in terms of human well-being. The images

Credit: Davoli Silvaho/UNEP/ Topfoto

and the changes they illustrate are diverse.
But they are united by a common message:
environmental change does matter.

The International Conference on
Population and Development Programme
of Action noted that stabilization of world

Credit: Ed Simpson/UNEP/PhotoSpin




Population Change population is crucial to achieving sustain-
able development. Population stabiliza-
tion is also necessary for managing human

Latin America 3% Qthers 2.5% impacts on the Earth’s environment and
Africa 4.5% Asia Pacific resources. In 1999, the Earth’s human
US 5% (including former population reached 6 000 million, having
Soviet Asia) 54% grown during the mid-1990s at a rate of 13
Europe per cent per year, with an average annual
Europe (including addition of 78 million individuals. As of
(including Russia) 1999, countries with populations of 100
Russia) 14% million or more included China, India, the

25% United States, Indonesia, Brazil, Pakistan,
the Russian Federation, Bangladesh, Japan,
and Nigeria. According to the medium
variant of the United Nations’ population

Africa 10% estimates and projections, world popula-

tion will reach 7 200 million by the year

2015. Ninety-eight per cent of the popu-

lation increase will take place in less-de-

veloped regions of the world. Africa will

experience, by far, the most rapid rate of

Asia 60%

». Latin America
& Caribbean 8%

: growth (Population Division 2000).
'ﬂ,' . "\ Middle East & The overall impact that humans have
North Africa 6% on the global environment is proportional
to the number of people on the Earth and
North America 5% the average influence of each individual.
Others 3% If that overall impact is to be reduced, ad-

dressing both of these factors is essential.

Change in distribution of world population 1900 and 2000. Source: hitp://www.newint.org/issue309/facts. himl

Case Study: Parrot’s Beak

Between Sierra LLeone and Liberia,
there is a small strip of land belonging
to Guinea known as the “Parrot’s Beak.”
As civil wars raged in Sierra Leone

and Liberia, hundreds of thousands of
refugees have fled to relative safety in
Guinea, many of them settling in the
Parrot’s Beak. The United Nations High
Commissioner for Refugees (UNHCR)
estimates that the refugee population
constitutes up to 80 per cent of the local
population there (UNEP 2000).

The 1974 image of the Parrot’s
Beak in Guinea (left) shows the sur-
rounding territory of Liberia and Sierra
Leone. Scattered throughout the deep
green forest of the Parrot’s Beak region
are small flecks of light green, where
compounds of villages with surrounding
agricultural plots are located. Several
dark spots in the upper left of the image

- are most likely burn scars.

L ‘ iy : The 2002 image (facing page) shows
Rt'fll}!?l.‘ { decupa lion FlLE the Parrot’s Beak region clearly defined
f by its light green color surrounded by
darker green forest. The light green

Deforestation of indigenous palm trees in
the refugee camp has left barren hillsides.

Credit: Unknown/UNEP/UNEP-GRID Geneva




World Biomes

Biomes
- Tropical and Subtropical Moist Broadleaf Forests
- Tropical and Subtropical Dry Broadleaf Forests
Tropical and Subtropical Coniferous Forests
[ Temperate Broadleaf and Mixed Forests
- Temperate Conifer Forests
[ ] Boreal Forests / Taiga
l:l Tropical and Subtropical G
[T ] emperate Grasslands, Savannas, and Shrublands
B Frooded G
[ ] Montane Grass
[ Tundra

I Mediterrancan Forests, Woodlands. and Scrub

slands, Savannas, and Shrublands

ds and Savannas

nds and Shrublands

Deserts and Xeric Shrublands
I Mangroves

[ ] Bare Rock /Ice

Source: Wor
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A biome is a major ecological community of plants
and animals with similar life forms and environmen-
tal conditions. Some of the Earth’s major terrestrial
biomes include forests, grasslands, deserts, rain
forests, and tundra. Different biomes are the source

color is the result of deforestation in
the “safe area” where refugees have

set up camp. Many of the refugees
integrated into local villages, created
their own family plots, and expanded
the zones of converted forest area until
they all merged into the larger defined
area. In the upper part of the 2002 im-
age the forest devastation is especially
obvious, as areas that were green in the
1974 image now appear gray. Logging
interests also moved into the higher
elevations of this region, expanding the
deforested zone visible in the upper
left corner of the image.

Overall impoverishment of the
environment of the Parrot’s Beak is
directly related to the rapidly increas-
ing population in the area, mainly due
to immigration, and a growth rate of
about three per cent among the indig-
enous population. Natural resources
are being exploited to create more ar-
able land for crops, wood for charcoal,
firewood and construction materials,
and commercial logging for revenue.

Sowrce: UNEP 2000.

Deforestation is evident on the hills sur-
rounding the refugee camp.

Credit: Unknown/UNEP/UNEP-GRID Geneva

of different kinds of resources and processes (col-
lectively called ecosystem services) such as water,
soil, oil, natural gas and other fuels, minerals and
other raw materials, wildlife habitat, erosion control,
nutrient cycling, water filtration, food production,

and genetic resources. The estimated global value
of the Earth’s biomes for ecosystem services alone
ranges from US $16 trillion to US $54 trillion a year
(Costanza et al. 1997).
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2.1 World Population

simple definition of world population is the num-
ber of people alive on the Earth at any given
point in time. World population reached

6 400 million in 2004 and it continues to grow by some
80 million each year (Table 2.1). Since the 1950s, China
has been the world’s most populous country (Table 2.2).
China’s population is currently greater than that of some
entire world regions (Global Population Profile 2002). By
2050, world population is estimated to reach 7 900 to
10 900 million, when stabilization of the Earth’s popula-
tion is likely to take place. Whether or not world popu-
lation falls within that range by this middle of this cen-
tury—rather than exceeding it—will depend upon many
of the choices and commitments that people make in the
coming years (UNFPA 2001).

Table 2.1 — World population for given points in time
Source: ESA 2003

Year Population

1970 3692 492 000
1975 4 068 109 000
1980 4 434 682 000
1985 4 830 979 000
1990 5263 593 000
1995 5 674 380 000
2000 6 070 581 000
2005 6 453 628 000
2010 6 830 283 000

The size of any population changes as a result of fluc-
tuations in three fundamental factors: birth rate, death
rate, and immigration or emigration. When any or all of
these factors deviate from zero, the size of the

population will change (Global Population

Population in billions

Credit: Khin Aye Myat/UNEP/ Topfoto

Figure 2.1: Time to successive billions in world population: 1800-2050.

Total world population
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be in countries that have relatively large num-

bers of young people and where large families

Source: Global Population Profile 2002

are still the norm. Furthermore, declining mortality and

increased longevity have resulted in, and will continue to

lead to, the expansion of older populations. Worldwide,



Table 2.2 — The Top Ten Most Populous Countries: 1950, 2002, 2050

the average life expectancy in 1950 was 46 years; in 2050,

1950 2002 2050 it is projected to be 76 years (Hunter 2001).

1. China 1. China 1. India While an increase in life expectancy is a positive de-

9. India 9. India 9. China velopment, it presents a new set of challenges. In Europe,

6 Thattrar G | St 3. United States for example, where women give birth to an average of 1.4
children, governments are concerned that there will be

oliTECE) colherEh 4. Indonesia too few workers in future years to support the growing

5. Japan 5. Brazil 5. Nigeria number of retirees in the population. An aging popula-

6. Indonesia 6. Pakistan 6. Bangladesh tion strains a nation’s social security system and pension

7. Germany 7 Foreei poe p?ans, and puts pressure on health budgets because of
higher health care costs for the elderly. Some govern-

b Lol sh L e el 8. Brazil ments are also concerned that a shortage of working-age

9. United Kingdom 9. Nigeria 9. Congo (Kinshasa) individuals may lead to increased immigration, and that a

10. Italy 10. Japan 10. Mexico decline in population may signal a weakening of a coun-

try’s political and economic clout (Ashford 2004).

Source: U.S. Census Bureau, International Programs Center; International Data Base are unpublished tables. One of the main reasons that world population has

grown so rapidly over the last 200 years is that mortal-
Table 2.4 — Average life expectancy at birth - Medium ity rates have declined faster than fertility
variant Source: ESA 2003.

Table 2.3 — Median age for given points

in time Source: ESA 2003. rates. Improved sanitation, health care,

Year Median age Period Both sexes Male Rl medicine, shelter, and nutrition have all
1970 91.7 combined led to dramatic increases in life expectancy.
1975 22.0 1970-1975 58.0 56.5 59.5 Fertility rates, on the other hand, declined
1980 997 1975-1980 59.8 58.1 61.5 more recently than mortality rates did
1985 93.4 1980-1985 61.3 59.4 63.2 (UNEP 1999).
1950 24.3 1985-1990 62.9 60.9 018 There is a striking paradox in global
LR 205 1990-1995 03.8 61.7 05.9 population trends: for more than two de-
2000 96.4 1995-2000 64.6 62.5 66.9 _ _

: cades, many developing countries have ex-
2005 97 4 2000-2005 65.4 63.3 67.6 o  dedlie i fortili il
B . 9005-2010 66.3 64.9 68.4 perienced a rapid decline in fertility while

fertility rates in most highly developed na-

tions have remained very low (Figures 2.3
Table 2.5 — Crude birth rate per 1 000
population - Medium variant Source: ESA 2003.

Table 2.6 — Crude death rate per 1 000

population - Medium variant Source: ESA 2003. and 2.4). Yet in the coming years, 2 massive

increase of the world population is almost

Period Crude birth rate Period Crude death rate ) .

certain (Heilig 1996).
1970-1975 30.9 1970-1975 11.6 _ -
1975-1980 98.1 1975-1980 10.9 The Demographic Transition Model
1980-1985 97 4 1980-1985 10.3 (Figure 2.2) shows how a country’s popula-
1985-1990 26.8 1985-1990 97 tion can change as the country develops.
1990-1995 9245 1990-1995 9.5 However, this model does not take into
1995-2000 22.7 1995-2000 9.2 account migration. Worldwide, migration
2000-2005 21.3 2000-2005 9.1 of people out of rural areas is accelerating,
2005-2010 20.4 2005-2010 9.0 making internal and international

Credit: Ed Simpson/UNEP/PhotoSpin
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Credit: Unknown/UNEP/ Topfoto
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Figure 2.2: The Demographic Transition Model shows how population growth occurs
naturally in four stages. Stage 1: Birth rate and death rate are high, limiting both the 20
rate of increase and total population. Stage 2: Birth rate remains relatively high but
death rate begins to fall, causing the population to grow rapidly. Stage 3: Declining
birth rate and low death rate maintain continued population growth. Stage 4: Both
birth rate and death rate are low, slowing population growth, but leaving a large total
population. Source: hitp://www.geography.learnontheinternet.co.uk/topics/growth o

0

Figure 2.3: Childbearing trends in major world occupationally, out of farm jobs, is one of Figure 2.4: Different patterns of fertility
regions, 1970 and 2004 decline, 1970-2000

. ) Children per woman
Total fertility rate (children per woman) transformations and economic growth. Yet

the most pervasive features of agricultural

in a world of complete and well-function- 6 S~

: Bangladesh
I 1970 2004 ing markets, there is little or no economic 2 "\mm\ i
4 —\—\——\\

6.7
5.1 5.1 5.0
rationale for policies to reduce migration; 3 >
. . - . —
20 26 5090 22,, themovementoflabor outof agricultureis 2 Argentina

. . . Thailand R
l . both a quintessential feature of agricultural 1
Africa Asia Latin America North Europe  transformations and a prerequisite for 1970 1975 1980 1985 1990 1995 2000
& Caribbean America efﬁcient and balanced eCOHOIIliC growth Sf)m[e:: }?g‘i:tmr.Gmgml qfhjzdia; ‘Ir‘zs.tituto Nq[ionaldzE:mz?istim (A7g@»
Source: UN Population Division. World Population Prospects: The 2002 Revision (1970, . ;Zm); L};m]t\f[d }?'IZIZZDZ']S P 01’@““;’; l?;”z{”g Imtltute; f’fP Dsz{la”;’;i g"d SD”.WZ J
data), and C. Haub, 2004 World Population Data Sheet (2004 data). (Taylor and Martln 2002) 5 P ;}ealrtt‘, Id&fl o 7;1/27:1!)), g altan ; Demographic and Health Surveys; an
opulation lerence bureau estimales.
g poienally one of dhe Mot Clearly, human numbers cannot con- the more competition there will be for the
important development and policy issues tinue to increase indefi nitely. The more Earth’s limited resources. Unless all na-
aff tnfs @emtuiny: T mmigmiton of lalzor people there are and the longer they live, tions adopt more sustainable methods of

geographically, out of rural areas, and

Population Density Map
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Sowrce: hitp://beta.sedac.ciesin.columbia.edu/

18



Global Urban Extent Map
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The map portrays the boundaries of urban areas with defined populations of 5 000 persons or more. Source: Modified from hitp://beta.sedac.ciesin.columbia.edu/gpw/global.jsp

production and consumption, the planet’s  through malnutrition and disease (Pimen-  on the Earth and the rate at which that

carrying capacity will be exceeded (UNEP  tel et al. 1999). number increases (Table 2.7) dramatically

1999). The environmental challenges that peo- impact the availability of water, soil, ar-
Natural resources are already severely ple now face and most likely will continue able land, minerals, fuels, and many other

limited, and there is emerging evidence to face in the future would be less difficult ~ natural resources worldwide. Access to and

that natural forces are already starting if world population were growing very use of family planning services can help

to control human population numbers slowly or not at all. The number of people  lower fertility rates and delay child-bearing

Case Study: Monitoring Rapid Urban than seven million people and covered an area

of 575 km? (230 square miles). Today the city

Expansion of Tehran, Iran - A4 ‘
has nine million residents.

1975 and 2000

The rapid expansion of Tehran, as well as its
sharp population growth in recent decades, has
had many adverse impacts on the environment.
Air and water pollution are major problems in
the city. Urban areas are replacing farms and
water resources. A major concern is its location
on a recognized zone of active faulting with a
modest to high seismic risk. Recent planning
and construction techniques are designed to
improve the resistance to a major earthquake
that could threaten the city.

Tehran is located at the foot of the Alborz
Mountains. The city occupies the northern part
of the alluvial Tehran Plain, sloping from the
mountains to the flat Great Salt Desert. The ur-
ban area is bounded by mountains to the north
and east making it difficult to differentiate the
urban area from the mountainous and desert
area that surrounds Tehran.

The population of Tehran has grown three-
fold since 1970 when the population was three
million. In 1987, the city had grown to more

e ¥
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years, years, thereby helping to slow popu-
lation growth. Comprehensive population

policies are an essential element in a world

Table 2.7 — World Vital Events Per Time Unit: 2004
(Figures may not add to totals due to rounding)

Natural Population
Time unit Births Death Increase
Year 29 358 036 56 150 533 73 207 503
Month 10 779 836 4679 211 6 100 625
Day 353 437 153 417 200 021
Hour 14 727 6 392 8 334
Minute 245 107 139
Second 4.1 1.8 2.3

Source: hitp://www.census.gov/cgi-bin/ipc/pcwe

Figure 2.5: Population change in the 20th century

Population Density
(people/km?

[ High (>100)

[ ] Medium (25-100)
|:| Low (<25)

- Water

Credit: Ed Simpson/UNEP/PhotoSpin

Lake Victoria, Kenya

Population growth around Lake Victoria,
Kenya, is significantly higher than in the rest
of Africa because of the wealth of natural
resources and economic benefits the lake re-
gion offers. Note the increase in population
in a 100-km (62 miles) buffer zone around
Lake Victoria between 1960 and 2000. Dur-
ing each decade, population growth within
this zone outpaced the continental average.
Sowrce: UNEP/GRID- Sioux Falls

development strategy that combines access
to reproductive health services, education
and economic opportunities, improved
energy and natural resource technologies,
and more reasonable models of consump-
tion and what constitutes “the good life.”
Such a strategy has the potential to bring
humanity into an enduring balance with
the environment and the natural resources
upon which people will always depend
(Population Fact Sheet 2000).

In addition to the overall global increas-
es in population, the geographic distri-

bution of human population underwent

Source: hitp://www.bioone.org/pdfserv/i0044-7447-031-03-0251. pdf

massive changes during the 20th century
(Figure 2.5). For example, between 1900
and 1990, the population of northern
South America increased by 214 million, or
681 per cent, compared to the global aver-
age population increase of 3 700 million,
or 236 per cent (Ramankutty and
Olejniczak 2002).

20" Century Population Change
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2.2 Culture

Culture encompasses the customary beliefs, social forms,
and material traits of a racial, religious, or social group.
Culture includes the set of values and institutions that
enable a society to develop and maintain its identity.
Cultural signatures differ around the globe and often
hold to very different ideals and ideas, such as the role
of economics as an integrating system of values or the
importance of technology and technological change as
springboards for human progress. Different cultures also
differ in their concepts of justice and fairness and their
beliefs about the relationship between people and the
natural and spiritual world (UNEP 2002a).

Many of these differences are disappearing as cultures
worldwide become increasingly homogeneous. Major
steps in this direction occurred in the fifteenth century
with European exploration and colonization and in the
nineteenth century with the Industrial Revolution. In
recent decades the creation of the European Union and
spread of globalization has lowered many international
barriers and concurrently impacted cultural diversity.
Following the collapse of the Eastern Bloc in 1989, capi-

talism became more pervasive and less nationally limited.

Globally, world-spanning communication networks,
and inexpensive air travel have reduced the costs of
cross-cultural connections of all kinds, boosting televi-
sion, tourism, and emigration to new levels. Global
financial integration has proceeded at a furious pace,
along with the international fl ow of goods and services

as countries become increasingly dependent on one

The World’s Biocultural Diversity. People, Languages and Ecosystems

Credit: Unknown/UNEP/Bigfoto

Source: Terralingua, UNESCO, and WWI 2003
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Languages of the World
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another for food and basic commodities this increases the possibility of dialogue, it  and civilisations are part of the common
(Wilk 2000). Explosive development of can also be perceived as a threat to cultur-  legacy of humankind (UN 2000). In many
electronic media has intensified cultural al diversity, In short, current globalization parts of the world, English has become
homogenization by promoting the ideals of trade and mass culture, together with the dominant language, having displaced
of a handful of cultures over those of many unprecedented demand for consumer native tongues and dialects. According to
others (Gary and Rubino 2001). The tech-  goods, has significantly impacted indig- arecent UNEP report (UNEP, 2001) there
nological expansion of the media, in par- enous cultures around the globe. were 5 000 to 7 000 spoken languages in
ticular the Internet, is bringing different Every civilisation and culture is uniqu the world with 4 000 to 5 000 of these clas-
cultures and civilisations ever closer; while ;.4 irreplaceable, in that all cultures sified as indigenous. Thirty-two per cent

WORLD CULTURAL REGIONS

Source: Modified from hitp://www.neiu.edu/~ejhowens/104/6/cultur.gif
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Table 2.8 — The most common languages in the world

Approximate number Countries with
of native speakers  substantial numbers
Language (in the year 2000) of native speakers
1. Mandarin Chinese 874 000 000 16
2. Hindi (India) 366 000 000 17
3. English 341 000 000 104
4. Spanish 322-358 000 000 43
5. Bengali 207 000 000 9
(India and Bangladesh)
6. Portuguese 176 000 000 33
7. Russian 167 000 000 30
8. Japanese 125 000 000 26
9. German (standard) 100 000 000 40
10. Korean 78 000 000 31
11. French 77 000 000 53
12. Wu Chinese 77 000 000 1
13. Javanese 75 000 000 4
14. Yue Chinese 71 000 000 20
15. Telegu (India) 69 000 000 7

Note: These statistics are only rough approximations in most cases.
(Source: The World Almanac and Book of Facts, 2003)

of the world’s spoken languages are found in Asia, 30 per cent
in Africa, 19 per cent in the Pacific, 15 per cent in the Ameri-

cas, and three per cent in Europe. More than 2 500 languages

are in danger of immediate extinction, while 234 have already
died out and many more were losing their connection to the
modern world. Some researchers estimate that over the next
century 90 per cent of the world’s languages will have become
extinct or virtually extinct. More than 350 languages already
have fewer than 50 speakers (Table 2.8). Such rare languages
are more likely to decline or disappear than those that are
more common (Sutherland 2003). The disappearance of any
language represents an irreparable loss for the heritage of all

#‘@, :-'-.h ' x humankind (Wurm 1970). The loss has been likened to the

- o -5 - extinction of a species—an unfortunate cultural analog to the

alarming events now occuring in the biological world. In fact,
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Credit: W.R. Hansen/UNEP/USGS

the number of “living” languages spoken
on the Earth is dwindling faster than the

planet’s biodiversity.

Culture is an aspect and a means of
development. Much has been said about
the expansion of Western culture to the
detriment of others. It is clear that many
individuals aspire to Western lifestyles,
while others associate Western cultural
values with selfish individualism and exces-
sive consumption. The spread of Western
culture is both a cause and an effect of
economic globalization, aided by the
farreaching penetration of information
technologies and electronic media. At the
same time, there have been nationalist and
religious reactions against that culture,
sometimes resulting in terrorist activities
and in open warfare within or between na-
tions (UNEP 2002a).
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A natural wonder formed by natural processes, Rainbow
Bridge (far left) straddles a tributary of the Colorado
River in southern Utah in the United States. Two con-
temporary bridges, one from Sydney, Australia (left),
and the other from London, England (below left), echo
the natural form of Rainbow Bridge, but are the obvious
byproducts of modern culture.

Credit: Unknown/UNEP/ Bigfoto

The World has some 6 000 communi-
ties. The international migration rate is
growing every year and the number of mi-
grants has doubled since the 1970s. While
the reasons for migration vary, it is safe to
say that we live in an increasingly heteroge-
neous society. Difference naturally leads to
diversity of vision, values, beliefs, practices
and expression, which all deserve equal re-
spect and dignity (UNESCO 2003). While
highlighting the role of culture in develop-
ment, there is also a need to emphasize
the role of culture in promoting peace
(UNESCO n.d).

Just as biodiversity enriches our natural
environment and is essential for its pro-
tection, cultural diversity is a treasure of
humanity and a prerequisite for human
development (UN 2000). Cultural Diversity

presupposes respect of fundamental

freedoms, namely freedom of thought,
conscience and religion, freedom of opin-
ion and expression, and freedom to par-
ticipate in the cultural life of one’s choice.
Cultural Diversity is not just a natural fact
that we need simply recognize and respect.
It is about plurality of knowledge, wisdom
and energy, all of which contribute to
improving and moving the World forward
(UNESCO n.d.).

Variety in all aspects of life has been
a source of wonder and celebration for
countless centuries, and the loss of that
variety is an unfortunate prospect (Gary
and Rubino 2001).

Credit: Ed Simpson/UNEP/PhotoSpin




2.3 Land Use and
Degradation

Growing crops, clearing land, planting trees, draining a wetland—
these and many other activities fall into the broad category of land
use, or how people use land. Land-use intensity is the extent to
which land is used. It is an indication of the amount and degree of
development in an area, and a reflection of the effects generated
by that development (Planning Department 2001).

As a measure of activity, land-use intensity can range from very
low (for example, a pristine wilderness area) to intermediate (a
managed forest ecosystem) to very high (urban and industrial
settings) (Lebel and Steffen 1998). From a global change perspec-
tive (Figure 2.6), land-use intensity is an important characteristic
in assessing change and its impact (Berka et al. 1995). Land-use
intensity is determined by the spatial requirements of a land-use
activity, relationship to open space, requirements for infrastruc-
ture (transportation routes, water, sewer, electricity, and commu-
nications), and environmental impact. Parameters for measuring

land-use intensity typically include:
¢ type of land-use activity, such as agriculture, grazing, wood
production, or residential, commercial or industrial usage,
e duration of use,
* number of people, animals, plants, structures, or machines
that occupy the land during a given period, and

e amount of land involved.

Figure 2.6: This series of illustrations depicts global land-use change, particularly
the expansion of cropland and grazing land, between 1700 and 1990. Credit: Klein
Goldewigk, K., 2001. Source: NASA 2002, http://www.gsfc.nasa.gov/topstory/20020926landcover.
html

I tropical evergreen/deciduous forest
[ savana

3 grassland and steppe

[ intensive agriculture

1 desert

Credit: Andre Louzas/UNEP/ Topfoto

[ open shrub land

[ temperate deciduous forest

[ temperate needle-leaf evergreen forest
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Also important in assessing land-use Figure 2.7: Conceptual framework of the Agro-Ecological Zones methodology

intensity is to examine the relative imper-
viousness of the landscape. Impervious
surfaces, such as paved roads, inhibit or

entirely block the absorption of water by

underlying soil (Forney et al. 2001). Once
paved or otherwise made impervious, land
is not easily reclaimed. As environmentalist
Rupert Cutler noted (Brown 2001),
“Asphalt is the land’s last crop.”

Land-use intensity trends are usually
expressed through changes in inputs,
management, or number of harvests over a
given period of time. Only changes within
the same land-use category and on the
same area (change of intensity)—as op- b
posed to changes from one type of land E‘I-"'_"""'"*" ""w

use to another (for example, forest to 8 ‘ﬂ ,‘, “
I
cropland)—are taken into account when " __"" —— -

assessing trends (van Lynden et al. n.d.;
FAO 2002). o e .

The Agro-Ecological Zones (AEZ) '_:m:'—" a1 ) P
methodology (Figure 2.7) is a system devel-

. . Source: FAO 2000, hitp://www.fao.org/ag/agl/agll/gaez/index.ht
oped by the Food and Agriculture Organi- e B R D

zation of the United Nations (FAO) with
the collaboration of the International Insti-
tute for Applied Systems Analysis (IIASA),

that enables rational land use planning on

the basis of an inventory of land resources  specified management conditions and
and evaluation of biophysical limitations levels of inputs, all feasible agricultural
and potentials. This methodology utilizes  land-use options and to quantify expected

a land resources inventory to assess, for production of cropping activities relevant

RIOMBTANCO!

Figure 2.8: A satellite image reveals a typical “feather” or “fish-

bone” pattern of deforestation in Brazil. The pattern follows

the construction of a new road through the rain forest. Roads

UgtRELRY it el provide easy access for mechanicized logging to clear cut for-
Indigenous est sections. Clear cut sections can then be turned into agricul-

tural fields as roads provide easy access to local markets.

Source: UNEP/GRID-Sioux Falls
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in the specific agro-ecological context.

The characterization of land resources
includes components of climate, soils and
landform, which are basic for the supply of
water, energy, nutrients and physical sup-
port to plants (FAO 2000).

Worldwide, the effect people are having
on the Earth is substantial and growing.
Satellite images reveal in startling detail
the signs of human impact on the land-
scape. From the herringbone patterns
of deforestation etched into once-undis-
turbed rain forests (Figure 2.8) to the
patchwork patterns of agricultural fields
and concrete splotches of urban sprawl,
the evidence that people have become a
powerful force capable of reshaping the

Earth’s environment is everywhere.

No degradation

Light soll degradation
Moderate soil degradation
Severe soil degradation

-

/ .} \ g

Scientists estimate that between one-
third and one-half of the Earth’s land
surface has been transformed by human
activities (Figure 2.9) (Herring n.d.). The
activity that has had the greatest impact on
the global landscape is agriculture. Twelve
per cent of the world’s land surface—an
area equivalent to that of the South Ameri-
can continent—is under permanent
cultivation (Ramankutty and Foley 1999;
Devitt 2001).

Over the next 30 years, the annual rate
of growth in global crop production is ex-
pected to decrease. However, the Food and
Agriculture Organization of the United
Nations predicts that production will still
exceed demand, despite the world’s grow-

ing population. By 2030, 75 per cent of the

Credit: Xintian Pan/UNEP/Topfoto

projected global crop production will oc-
cur in developing countries, compared to
50 per cent in the early 1960s. Increases in
production will be achieved by improving
plant yields and through more intensive
land-use activities, including multi-crop-
ping or high-cropping intensities (UCS
2004). In light of these projections, contin-
ued support of agricultural research and

policies in developing countries is vital.

Nearly one-third of the world’s crop-
land—1 500 million hectares—has been
abandoned during the past 40 years
because erosion has made it unproductive
(Pimentel et al. 1995). Restoring soil lost
by erosion is a slow process; it takes rough-
ly 500 years for a mere 2.5 cm (1 inch)

of soil to form under agricultural

Source: hitp://www.isric.nl/



Figure 2.9: Human-induced land degradation (severe and very severe) as percentage of total land area
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conditions (Pimentel et al. 1996). Thus the
approach to replacing eroded agricultural
lands typically has been to clear more and
more areas of grassland or forest and con-
vert them to cropland. The ever-growing
need for agricultural land accounts for 60
to 80 per cent of the world’s deforestation

(Figure 2.9).

Despite such “replacement” strategies,
the amount of available cropland
worldwide has declined to 0.27 hectare
(0.67 acres) per person (Pimentel et al.
1996). It is possible to feed one adult on
a plant diet grown on about 0.2 hectares
(0.5 acres) of land (Knee 2003)—and
this land-per-person minimum is roughly
what will be available when world
population reaches 8 000 million—but

only if crop yields now being achieved

Source: World Atlas of Desertification (UNEP 1992)

in developed countries are achieved
worldwide. To do so requires that most
countries’ inputs of fertilizer, and probably
pesticides, rise to match those of North
America and Europe. Furthermore, any
mechanization of crop production will
entail additional energy consumption.
Increased mechanization is likely given
the mass migration from rural areas to
cities currently underway on all continents.
While agriculture accounts for only about
two per cent of energy consumption in
North America and Europe, it accounts
for roughly ten per cent of energy
consumption in the rest of the world
(Knee 2003).

The shortage of cropland, together with

falling productivity, is a significant factor

contributing to global food shortages and

associated human malnutrition. Political
unrest, economic insecurity, and unequal
food distribution patterns also contribute
to food shortages worldwide (Pimentel et
al. 1996).

In addition to agriculture, the global
trend toward urbanization is another key
factor bringing change to the landscape.
Historically, forests and grasslands have
been converted to cropland. Increasingly,
cropland is being converted to urban areas
(Ramankutty and Foley 1999; Devitt 2001).
Millions of hectares of cropland in the
industrial world have been paved to create
roads and parking lots. The average car re-
quires 0.07 hectares (0.17 acres) of paved
land for roads and parking space
(Brown 2001).

If farmers worldwide fail to meet the
challenge of increasing yields on existing
cropland, or they cannot access the tools
necessary to achieve increased yields, the
only alternative will be to clear the world’s
remaining forests and grasslands (Green
2001). Yet indications are that the world
does not have enough forests to fulfill all
the current and future demands being
placed on them (Nilsson 1996).

As natural forests are exhausted or
come under protection, the demand for
wood and wood products will be increas-
ingly satisfied by tree farms. Between 1980
and 1995, forest plantations in developed
countries increased from 45-60 million
hectares (111-147 million acres)to 80-100

million hectares (198-247 million acres).

Credit: Choosak Khemtai/UNEP/ Topfoto
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In the developing world, the area in forest
plantations doubled from roughly 40 mil-
lion to about 81 million hectares (99-200
million acres) over the same period. More
than 80 per cent of forest plantations in
the developing world are found in Asia,
where demand for paper and other wood
products continues to grow rapidly. For-
est plantations now cover more than 187
million hectares (462 million acres) world-
wide. That accounts for less than five

per cent of the Earth’s total forested area,
but 20 per cent of current global wood pro-
duction (Larsen 2003).

Land Degradation
and Desertification

By the beginning of the twenty-first cen-
tury, unprecedented global environmental
changes had reached sufficient propor-
tions to impinge upon human health—si-
multaneously and often interactively. These
changes include the processes of land
degradation and desertification (Menne
and Berollini 2000).

Land degradation is the decline in the
potential of land resources to meet hu-
man economic, social, and environmental
functions needs (Africa Mountain Forum
n.d.). Desertification is soil degradation in
arid regions, often to such an extent that
it is impossible to make the soil produc-
tive again (Table 2.9). Desertification is
the result of complex interactions between

unpredictable climatic variations and
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unsustainable land use practices by com-
munities who, in their struggle to survive,
overexploit agricultural, forest, and water
resources (CIDA 2001).

Over 3 600 million hectares (8 896 mil-
lion acres)—25 per cent of the Earth’s land
area—are affected by land degradation.
Desertification occurs to some extent on
30 per cent of irrigated lands, 47 per cent
of rain-fed agricultural lands, and 73 per
cent of rangelands (Figure 2.10). Annually,
an estimated 1.5 to 2.5 million hectares
(3.7 to 6 million acres) of irrigated land,
3.5 to 4.0 million hectares (8.6 to 9 mil-
lion acres) of rain-fed agricultural land,
and about 35 million hectares (86 million
acres) of rangeland lose all or part of their
productivity due to land degradation pro-
cesses (Watson et al. 1998).

Desertification and drought are prob-
lems of global dimension that directly
affect more than 900 million people in
100 countries, some of which are among

the least developed nations in the world

L & ;Lr_‘;g

(Watson et al. 1998). The consequences of
desertification include (UNEP 2002a):

e reduction of the land’s natural resil-
ience to recover from climatic distur-

bances;
¢ reduction of soil productivity;

® damaged vegetation cover, such that
edible plants are easily replaced by

non-edible ones;

¢ increased downstream flooding, re-
duced water quality, sedimentation in
rivers and lakes, and siltation of reser-

voirs and navigation channels;

e aggravated health problems due to
wind-blown dust, including eye infec-
tions, respiratory illnesses, allergies,
and mental stress;

¢ undermined food production; and

¢ loss of livelihoods forcing affected

people to migrate.

Desertification results from misman-

agement of land and thus deals with two

interlocking, complex systems: the natural

Table 2.9 — Degree of soil degradation by subcontinental regions (per cent of total area)

None Light Moderate Strong Extreme

Africa 83 6 6 4 0.2
Asia 82 7 5 3 <0.1
Australiasia 88 11 0.5 0.2 <0.1
Europe 77 6 15 1 0.3
North America 93 1 5 1 0
South America 86 6 1 0
World:

Per centage 85 6 7 2 <0.1

Area (‘000 km?) 110 483 7 490 9106 2 956 92

Source: World Atlas of Desertification (UNEP 1992)
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Credit: Rick Collins/UNEP/Topfoto

ecosystem and the human social system are lost each year to desertification. Seven- e excessive and continuous soil erosion
(Eswaran et al. 1998). While much desert-  ty per cent of the world’s dry land is de- resulting from overuse and improper
ification is attributed to poor land-use prac- graded enough to be vulnerable to deserti- use of lands, especially marginal and
tices, hotter and drier conditions brought  fication (Anon 2002). The amount of land sloping lands;
about by potential global warming would susceptible to desertification (areas known e nutrient depletion and/or soil acidi-
extend the area prone to desertification as tension zones) also is increasing. Cur- fication due to inadequate replenish-
northwards to encompass areas currently rently, 7.1 million km? (2.7 million square ment of nutrients or soil pollution
not at risk. In addition, the rate of deserti-  miles) of land face low risk of human-in- from excessive use of organic and
fication would increase due to increases duced desertification, 8.6 million km? inorganic agrichemicals;
in erosion, salinization, fire hazard, and (3.4 million square miles) are at moderate e reduced water-holding capacity of
reductions in soil quality. As a result, the risk, 15.6 million km? (6.2 million square soils due to reduced soil volume and
process of desertification is likely to be- miles) are at high risk, and 11.9 million reduced organic matter content, both
come irreversible (Karas n.d.). km? (4.6 million square miles)are at very of which are a consequence of erosion
Worldwide, an estimated 6 to 27 million ~ high risk. Tension zones result from: and reduced infiltration due to crust-
hectares (15 to 67 million acres) of land ing and compaction;

® salinization and water-logging from

soil Iimits agﬂcult“re over-irrigation without adequate

drainage; and

¢ unavailability of water stemming from

Percentages of total world land area L Soil too dry decreased supply of aquifers and
L] Chemical drainage bodies.
problems ‘ ‘ ‘
23 [ Soil too T'he follow1r'1g negative effects are high-
22 shallow est in the tension zones (Eswaran et al.
.| Soil too wet 1998):
| Permafrost ® systematic reduction in crop perfor-
:'." 28 10 I No limitations mance, leading to failure in rain-fed

Only 11 percent of and irrigated systems;

the world’s soils can ¢ reduction in land cover and biomass
be farmed without
being irrigated,

drained or otherwise
improved. feed for livestock;

production in rangelands, with an

accompanying reduction in quality of

¢ reduction of available woody plants
Figure 2.10: Soils are classified according to the proportions of different sized particles they contain.

As seen in this figure, the largest percentage of world land area unsuitable for agriculture is land that
is too dry. Source: FAO 2000, hitp://www.fao.org/desertification/default.asp 2lang=en harvest them;

for fuel and increased distances to
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This sub-scene of an ASTER satellite image shows
sand dunes covering an area roughly 12 km x 15 km
(8 x 9 miles) in the Thar Desert of northwestern
India and eastern Pakistan. The dunes here shift
constantly, taking on new shapes. Approximately 800
km (497 miles) long and 490 km (305 miles) wide,
the Thar Desert is bounded on the south by a salt
marsh known as the Rann of Kutch, and on the west
by the Indus River plain. The desert’s terrain is pri-
marily rolling sand hills, with scattered outcroppings
of shrub and rock. Source: NASA 2004, hitp://asterweb.jpl.
nasa.gov/gallery/gallery. htm 2name=Thar

® significant reduction in water from
overland flows or aquifers and a con-

comitant reduction in water quality;

* encroachment of sand and crop dam-
age by sand-blasting and wind erosion;

and

¢ increased gully and sheet erosion by

torrential rain.

Ultimately, desertification processes im-
pact about 2 600 million people, or 44 per
cent of the world’s population (Eswaran
etal. 1998).

- g i s i
Credit: NASA/GSFC/METI/ERSDAC/JAROS,
and U.S./Japan ASTER Science Team.

Case Study: Mt. Kenya—Diversity
in Ecosystems

Christian Lambrechts

Mount Kenya is located on
the equator 180 kilometres
north of Nairobi. It is a soli-
tary mountain of volcanic
origin with the base diam-
eter of about 120 km (75
miles). Its broad cone shape
reaches an altitude of 5 199 m (17 057 ft) with
deeply incised U-shaped valleys in the upper

parts. Forest vegetation covers the major part
of the mountain, with a total area around

220 000 hectares (548 574 acres). The forests

are critical and invaluable national assets that

must be protected.

High diversity in ecosystems and species

The wide range in altitude clines—from 1 200
to 3 400 m (3 900 to 11 000 ft)—and rainfall
clines from—from 900 mm/year (35 in/year)
in the north to 2 300 mm/year (91 in/year) in
the south-eastern slopes—contributes to the
highly diverse mosaic patterns of Mount Kenya
forests. Mount Kenya adds value to the na-
tion by providing tourism potential and local
cultural and economic benefits. It also pro-
vides important environmental services to the

nation such as a water catchment area of the

Tana River where 50 per cent of Kenya’s total
electricity output is generated.

Forest conservation initiative

Following a 1999 aerial survey, the entire forest
belt of Mount Kenya was gazetted as National
Reserve and placed under the management of

Kenya Wildlife Services in the year 2000. In

2002, a study was carried out to assess the effec-
tiveness of the new management practices put
in place in 2000. The study revealed significant

improvement in the state of conservation of

the forests.

Forest is shown in red on these images. Note the changes in forest cover in the boxes.

Source: UNEP/GRID—Nairobi
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2.4 Ecoregions
and Ecosystems

An ecosystem is an organic community of plants and an-
imals viewed within its physical environment (habitat);
the ecosystem results from the interaction between soil
and climate. It is a dynamic complex of plant, animal,
and microorganism communities and their non-living
environment interacting as a functional unit (UNEP-
WCMC 2003).

An ecoregion is a cartographical delineation of a
relatively large unit of land or water containing a geo-
graphically distinct assemblage of species, natural com-
munities, and environmental conditions. An ecoregion
is often defined by similarity of climate, landform, soil,
surface form, potential natural vegetation, hydrology,
and other ecologically relevant variables. Ecoregions
contain multiple landscapes with different spatial pat-

terns of ecosystems.

The ecoregion concept is one of the most important
in landscape ecology, both for management and un-
derstanding (Hargrove and Hoffman 1999). Ecoregion
classifications are based on particular environmental
conditions and designed for specific purposes, and no
single set of ecoregions would be appropriate for all

potential uses (Wikipedia n.d.).

The environment of an ecoregion in terms of

climate, resource endowments, and socioeconomic

Credit: John R Jones/UNEP/ Topfoto

- Tropical rainforest |:| Tropical shrubland D Subtropical humid forest |:| Temperate oceanic forest |:| Boreal coniferous forest |:| Polar

D g;g%ﬁzlur;?ol:; - |:| Tropical desert l:l Subtropical dry forest I:I Temperate continental forest l:l Boreal tundra woodland |:| Water
l:l Tropical dry forest l:l Tropical mountain |:| Subtropical steppe |:| Temperate steppe/prairie |:| Boreal mountain |:| No Data
|:| Subtropical desert D Temperate desert
D Subtropical mountain Source: USGS National Center for EROS



conditions is homogeneous. Specific ad-
vantages of using an ecoregion approach

for planning and decision-making include:

* casier identification of production capa-

bilities and constraints;

® better targeting of prospective

technologies;

* improved assessment of responses to

new technologies; and

* wider adoption and larger impact of

research outputs (Saxena et al. 2001).

Trends

An increase in average global tempera-
ture has the potential to bring about
dramatic change in ecosystems. Some
species may be forced out of their habitats
(possibly to extinction) because of chang-
ing conditions. Other species may flourish
and spread. Few, if any, terrestrial ecore-
gions on the Earth are expected to remain
unaffected by significant global warming.

Since 1970, there has been a 30

per cent decline in the world’s living

Credit: Philip De Mancz/UNEP/Topfoto

Table 2.10 — Loss of biodiversity from 2000 to 2003—expressed as changes in species

numbers—in animals and plants classified as
vulnerable

critically endangered, endangered, and

Critically Endangered Endangered Vulnerable
Group 2000 2002 2003 | 2000 2002 2003 | 2000 2002 2003
Mammals 180 181 184 340 339 337 610 617 609
Birds 182 182 182 321 326 331 680 684 681
Reptiles 56 55 57 74 79 78 161 159 158
Amphibians 25 30 30 38 37 37 83 90 90
Fishes 156 157 162 144 143 144 452 442 444
Insects 45 46 46 118 118 118 392 393 389
Mollusks 222 222 250 237 236 243 479 481 474
Plants 1014 1046 1276 (1266 1291 1634 |[3311 3377 3864

Source: hitp://www.redlist.org/info/tables/table2. html

things and the downward trend is continu-
ing at one per cent or more per year (Col-
lins 2000; UNEP 1997). Table 2.10 shows
an increase in the number of endangered
and vulnerable species between the years
2000-2003. Modification of landscapes,
loss of native species, introduction of
exotic species, monoculture-focused agri-
culture, soil enhancement, irrigation, and
land degradation have all tended to “sim-
plify” ecosystems, leading to a reduction

in biodiversity. In aquatic environments,

eutrophication and habitat destruction
have had a similar effect (Tilman et al.
2001). As ecosystems become simpler, so

do ecoregions.

Ecoregion and ecosystem fragmenta-
tion also contributes to a decline in biodi-
versity and threatens many species. Glob-
ally, over half of the temperate broadleaf
and mixed forests and nearly one quarter
of the tropical rain forests have been frag-
mented or removed (Wade et al. 2003).
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Impacts

Simplification of ecosystems and ecore-
gions results in species extinctions and

a loss of natural resources (Tilman et al.
2001). Climate change and the way in
which ecological communities respond to
it have enormous conservation implica-
tions. These include developing awareness
of the transience of native ranges and
plant associations and the significance of
population declines and increases, as well
as the need to develop targets and refer-

ences for restoration, and strategies for

dealing with global warming (Millar 2003).

For example, changes in the potential dis-
tribution of tree and shrub taxa in North
America in response to projected climate
change are expected to be far-reaching
and complex; growing ranges for various
species will shift not only northward and
upward in elevation but in all directions
(Shafer et al. 2001). Some models predict

that more than 80 per cent of the world’s

ecoregions will suffer extinctions as a

result of global warming (Malcolm et al.

2002). Ecoregions expected to be most
dramatically altered by climate change

include the boreal forests of the North-

el .
Credit: Ron Levy/UNEP/Topfoto

ern Hemisphere, the fynbos of Southern
Africa, and the Terai-Duar savanna and
grasslands of northeastern India (Malcolm
et al. 2002).

Credit: Gary Wilson/UNEP/NRCS




2.5 Biodiversity,
Invasive Species,
and

Protected Areas

Biological diversity, or “biodiversity,” refers to the

variety of life on the Earth in all its forms. There

are three levels of biodiversity: biodiversity of a
landscape or ecosystem, species biodiversity, and
genetic biodiversity (IUCN, UNEP, and WWF
1991). These three levels are intimately connected.
For example, genetic diversity is often the key to
survival for a species, equipping it with the neces-
sary resources to adapt to changing environmental
conditions. Species diversity, in turn, is typically a

measure of ecosystem health (Rosenzweig 1999).

We have just begun to identify and fully un-
derstand the diverse living things that currently
inhabit the Earth. Scientists have discovered and
described roughly 1.75 million species to date.
That number is expected to increase substantially
when all marine organisms, arthropods, bacteria,
and viruses are eventually added to the list. Tragi-
cally, however, humans are destroying this great
diversity at an alarming rate. Rates of human-in-
duced species extinction are estimated to be 50 to

100 times the natural background rate; this could
Credit: Gyde Lund/UNEP

Credit: William M. Ciesla/UNEP/Invasive.org

Y

..I"

. s
.F-L_“‘ 3




increase to 1 000 to 10 000 times the natu-
ral rate in the next 25 years (Lund et al.
2003; Pellew 1996).

Why are so many species becoming
extinct? Human activities over the last
three centuries have significantly trans-
formed the Earth’s environment, primarily
through the conversion of natural ecosys-
tems to agriculture (Ramankutty and Foley
1999). It is estimated that cropland ex-
panded from 3-4 million km? (1.2-1.5 mil-
lion square miles) in 1700 to 15-18 million
km? (5.8-6.9 million square miles) in 1990,
primarily at the expense of forests. At the
same time, grazing lands expanded from 5
million km? (1.9 million square miles) in

1700 to 31 million km? (12 million square

miles) in 1990, largely via the conversion of
native grasslands (Goldewijk and Raman-
kutty 2001). In addition to agriculture-driv-
en landscape transformations, the move

to monoculture-based forms of agriculture

has contributed to declining biodiversity.

Wild plants and animals are a major
source of food. Billions of people still har-
vest wild or “bush” food around the world.
Between one-fifth and one-half of all food
consumed by poor people in developing
countries is gathered rather than culti-
vated. On a global scale, ocean fish caught
in the wild account for 16 per cent of the

human diet (Harrison and Pearce 2001).

Wild plants are also a major source of

medicine, and the loss of biological diver-

sity has serious implications in terms of
human health. Of the 150 most frequently
prescribed drugs, more than half are
derived from or patterned after chemical
compounds found in plants (Brehm 2003).
Moreover, plants are an important source
of fuel. Nearly 15 per cent of the world’s
energy is derived from the burning of plant
materials (De Leo and Levin 1997).

Worldwide, people eat only a small frac-
tion of the 70 000 plants known to be ed-
ible or to have edible parts (Wilson 1989).
But retaining biodiversity is still vital for
the food supply, since most food crops con-
stantly require an infusion of “wild” genes
to maintain their resistance to ever-evolv-

ing pests (Harrison and Pearce 2001).
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Despite our dependence on biodi-
versity, it has been estimated that 27 000
species are lost every year—roughly three
per hour. Other estimates put the number
much higher. The greatest loss of bio-
diversity is currently taking place in wet
tropical regions where rain forest ecosys-
tems are being altered dramatically. But
loss of biodiversity is also evident in drier
regions, due to desertification. Major con-
tributors to species extinctions and loss of

biodiversity worldwide include:
® human population growth;

¢ unsustainable patterns of consump-

tion such as over-harvesting of plant

and animal resources;

Photos left to right: A family of elephants in Africa (Credit : Gyde Lund/UNEP). A clear-cut sec-

tion of forest (Credit: Steven Poe/UNEP/ Topfoto). Yellowstone National Park (Credit: Gyde Lund/
UNEP). People often peel the loose bark off birches for souvenirs. Danforth, ME USA (Credit:

Randy Cyr/UNEP/Forestryimages.org).

® poor agricultural practices;

¢ increased production of wastes and

pollutants;
¢ urban development; and
¢ international conflict (UNEP 2002b).

Loss of biodiversity occurs hand-in-
hand with habitat loss, and habitat loss is
generally greatest where human popula-
tion density is highest (Harrison 1997).
One type of habitat loss is fragmentation.
Fragmentation occurs where a once-con-
tinuous ecosystem is broken up into many
small, poorly connected patches of land,
which happens when blocks of trees are

removed from a forest. A change in land

cover typically accompanies fragmenta-
tion. Six categories of fragmentation have
been identified (interior, perforated,
edge, transitional, patch, and undeter-
mined) depending on how a given area
of land is broken up (Riitters et al. 2000).
Fragmentation may be human-induced or
due to natural causes such as fire, floods,
or wind. Fragmentation may create more
diverse landscapes than were originally
present, and while it may destroy habitats
of some species, it can also create habitats

for others.

Left to right: Junipers near near Paulina, Oregon. Without natural fi res to control their spread, juni-

pers can become invasive in rangelands (Credit: Gyde Lund/UNEP). Women herding goats (Credit:
Unknown/UNEP/Topfoto). Cattle grazing in a bog (Credit: Rubai Wang/UNEP/Topfoto). Kudzu

taking over the land and trees in the southeastern United States (Credit: Gyde Lund/UNEP).



Cumulative Growth in Protected Areas by 5 Year Increments:
1872 — 2003
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Invasive Species

Most plants and animals exist in places in
which they did not originate. They moved
or were introduced into new areas over
time. While rooted plants cannot them-
selves move from place to place, the dis-
persion of their seeds by wind, water, and
animals has enabled them to spread into

many new habitats.

An introduced species is one whose

existence in a given region is due to some

Q| = e e —— T
1872 1902 1917 1932 1947

T ——— 0
1952 1962 1977 1992 2003

type of human activity. That activity may
enable the species to cross natural geo-
graphic barriers or it may transform condi-
tions in an area as to be in some way favor-
able to the species’ growth and spread.
Introduced species are also called alien, or

exotic, species.

Many introduced species have been
actively transported by people to new areas
for specific purposes and have played

important and beneficial roles in human

Figure 2.11: The number and extent of the world’s
protected lands increased significantly during the
period from 1872 to 2003. The greatest increase has
occurred over the past few decades. In 2003, the total
number of protected sites surpassed 100 000, while
total area increased to more than 18 million km? (7
million square miles). Source: Chape et al. 2003

history. Most modern agricultural crops
were introduced into the regions they

now inhabit. For instance, corn (maize) is
thought to have originated in Mexico some
7 000 years ago. Today it is found world-
wide. Wheat probably originated in the
Middle East. Currently, wheat is grown on
more land area worldwide than any other
crop and is a close third to rice and corn in

total world production.

Many modern domesticated animals
were also new species introductions at
some point in their history. Modern do-
mestic cattle evolved from a single early
ancestor, the auroch. Cattle were domes-
ticated between 10 000 and 15 000 years
ago near the boundary of Europe and Asia
or Southwest Asia. Cattle are now widely
distributed throughout the world. The

total world cattle population in the late
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Case Study: Lake Maracaibo, Venezuela

Lake Maracaibo in northwestern Venezuela is
the largest natural lake in South America at
13 330 km? (5 146 square miles). At its widest
point, it is more than 125 km (78 miles) wide.
The lake itself lies in the Maracaibo basin,
which is semi-arid in the north, but averages
over 1 200 mm (47 in) of annual rainfall in
the south. It has been suffering from a serious
problem of invasive duckweed, a tiny aquatic
plant that grows in freshwater. This first image

(left), taken by the Aqua MODIS satellite on
17 December 2003, shows the lake during the
winter months, when duckweed is absent from
the lake’s waters, and the silvery sunglint is ab-
sent. In summer the weed blooms. The true-co-
lour image from 26 June 2004 (middle) shows
strands of duckweed curling through the lake,
floating at the surface, or slightly submerged
in the brackish water. A closer look in August
2004 (right) reveals the stranglehold the duck-
weed has on port areas, especially along the
important oil shipping routes in the neck of

Lake Maracaibo. Fish and the fishing industry
suffer as thick green mats block photosynthesis
and alter fish habitats. The weed also adheres
to boats, affects cooling systems, and obstructs
travel. In September 2004, Venezuela’s Min-
istry of Environment and Natural Resources
reported that it had reduced the duckweed
area by 75 per cent, using duckweed harvesting
machines from the United States. The ministry
is investigating using the harvested weed as
animal fodder.

i TR i F

Credit: (Left, right images) NASA; (middle) LPDAAC — USGS National Center for EROS



Table 2.11 — Growth of protected areas of the world in 1994 and 2004 (in per cent)

Ratio 1994 2004
World 7.8 9.5
Developed Countries 11.3 14.1
Commonwealth Independent States (CIS) 2.8 3.0
CIS-ASIA 3.6 3.8
CIS-Europe 2.6 2.8
Developing 7.6 9.1
Northern Africa 3.5 3.9
Sub-Saharan Africa 8.1 8.3
Latin America & the Caribbean 8.0 9.9
Eastern Asia 8.2 14.2
Southern Asia 4.5 5.1
South-eastern Asia 4.8 5.9
Western Asia 21.4 22.0
Oceania 1.0 1.1
Least Developed Countries (LDCs) 7.7 7.9
Landlocked Developing Countries (LLDCs) 8.4 9.6
Small Island Developing States (SIDs) 1.6 2.8

There is considerable variation in the total area protected between regions, ranging from 1.1 per cent in
the developing countries of Oceania to 22.0 per cent in Western Asia. The percentage coverage in both
Western and Eastern Asia (14.2 per cent) exceeds the coverage of all developed countries (14.1

per cent) representing a significant commitment by these regions to conservation. However, the con-
straints imposed upon the data by the criterion for a date of establishment within the Millennium Devel-
opment Goals (MDG) reporting period suggest that all figures should be treated cautiously.

Sowrce: UNEP-WCMC 2005

1980s was estimated to be nearly 1.3 bil-
lion. Chickens—the world’s most abundant
domesticated bird—are generally believed
to have descended from jungle fowl in
Southeast Asia. They were subsequently
introduced into almost every country and

region of the world.

In stark contrast to such positive species
introductions are those where introduced
exotic species have become invasive. Scien-
tifically speaking, invasive species are those
organisms that are unwanted and have a
tendency to spread. Invasive species harm,
or have the potential to harm, a given
ecosystem or peoples’ health or economic
well-being (Clinton 1999). Historically,
some invasive exotic species have been
intentionally introduced into new settings;
the introduction of the common starling
into the United States and the rabbit into
Australia are two classic examples. Intro-
ductions of other invasive species have
occurred by accident, such as that of zebra
mussels into the American Great Lakes as a

result of shipping activities.

Native or indigenous species are those
that occur naturally in an area or habitat.
Invasive species often out-compete and dis-
place native species because the invaders
have no natural enemies and can spread
easily and quickly. Both managed and

natural ecosystems throughout the world

are under siege from increasing numbers
of harmful invasive species. These include
disease organisms, agricultural weeds, and
destructive insects and small mammals that
threaten economic productivity, ecological
stability, and biodiversity. On a local scale,
such invasions decrease diversity of native
flora and fauna. Globally, they contribute
to making the biosphere more homoge-

neous and less resilient.

Natural biodiversity helps to maintain
ecological resilience in the face of varying
environmental conditions (Holling et al.
1995). Invasion by exotic species lessens
ecological resilience and can transform
ecosystems in unpredictable ways that may
have negative consequences for people.
This problem is growing in severity and
geographic extent as global trade and
international travel expand, as markets
are liberalized and deregulated, as ecosys-
tems are further altered and fragmented,
and as global climate continues to change
(Brandt 2003; Dalmazzone 2000).

Invasions by alien species are set to
worsen in the next few decades if the
world continues to warm as most scientists
predict it will. Longer growing seasons
spawned by global warming may give
invasive weedy plants time to flower and
set seeds where previously they could only

spread asexually. This new-found ability

could allow the weeds to adapt to new
environments more quickly, and better
resist attack by insects. Higher levels of
carbon dioxide in the atmosphere may also
favor plants that can utilize extra carbon
dioxide and grow faster. One such example
is cheatgrass, an introduced species that
now dominates vast areas of the American
West (Holmes 1998). In other parts of the
world, invasive exotic plant species make
up 4 to 44 per cent of the total number of

species in ecosystems (Lovei 1997).

Invasive exotic species are one of the
most significant drivers of environmental
change worldwide. They also contribute
to social instability and economic hard-
ship, and place constraints on sustainable
development, economic growth, and en-
vironmental conservation. Worldwide, the
annual economic impact of invasive species
on agriculture, biodiversity, fisheries, for-
ests, and industry is enormous. The World
Conservation Union (IUCN) estimates that
the global economic costs of invasive exotic
species are about US$400 billion annually
(UNEP 2002a). Alien invaders cost 140 bil-
lion dollars a year in the USA alone (Mc-
Grath 2005). Less easily measured costs
also include unemployment, impacts on
infrastructure, shortages of food and water,
environmental degradation, increases in
the rate and severity of natural disasters,
and human illness and death. Invasive ex-
otic species represent a growing problem,
and one that is here to stay—at least for
the foreseeable future (Brandt 2003).

Protected and Wilderness Areas

Wilderness areas are those areas of land
that are relatively untouched by human
activities. To qualify as wilderness, an area
must have 70 per cent or more of its origi-
nal vegetation intact, cover at least 10 000
km? (3 861 square miles), and be inhab-
ited by fewer than five people per km? (12
people per square mile).

Wilderness areas are major storehouses
of biodiversity. They also provide critical
ecosystem services to the planet, including
watershed maintenance, pollination, and
carbon sequestration. Wilderness areas
currently cover nearly half the Earth’s ter-
restrial surface (Mittermeier et al. 2003).
While that represents a significant amount
of land area, however, most wilderness
areas are not protected, and are therefore

at risk.
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World Environmental Hotspots as identified by Conservation International.

California yiﬁgf%aari
Floristic Woodiand
I:‘r{:a'u-ir|.r;.;51__':I Woodlands

I

"""h

Islan:]s
".

\__,,

35 :
(11 -~

[

\ Mg_soarnerl::a {
\\ B
Turnbes-\:'
Paolynesia - Choco-s
Micronesia Mﬁgdalena~
Tropical
Andes
"H—,‘\ =
“\-——________‘__H S =) Gh-u!ean '

Winter |

One of the most effective means for
conserving wilderness is through the de-
velopment of protected areas. A protected
area is an area of land (or water) especially
dedicated to the protection and mainte-
nance of biological diversity, along with
natural and associated cultural resources,
that is managed through legal or other
effective means (IUCN 1994). Protected
areas are managed for a wide variety of
purposes, including:

e scientific research;

¢ wilderness protection and preservation

of species and ecosystems;

® maintenance of environmental

services;
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® protection of specific natural and

cultural features;
¢ tourism and recreation;
e education;

e sustainable use of resources from

natural ecosystems; and

® maintenance of cultural and tradition-

al attributes (Green and Paine 1997).

The 2003 United Nations List of Pro-
tected Areas—compiled by UNEP and
the IUCN and released during the Fifth
World Parks Congress in Durban, South
Africa—reveals that there are now 102 102
protected areas, together representing a

total land area roughly equivalent to China

’ |r1I:|l:I[
5 /Wssle mYy Burma
A Ghats " | =3

f /“

Rt 4 o4 and L T M:umnes=a
Guinean Foresls ,;lﬁirganl Srilanka |9 S
Cerrado  of West Alrica "|Sundaiarrd/' ,'L s
P N '\"‘;“‘ ™

| "nl . }'ufallace;: = '-.r\\

! 1= - cast
Madagascar (et Matapeskin
and tha IstandsY |

o :nldlan‘{f}c.ﬂnn New-i o
s n .
I Atlantic Forest Sgds Southwest Caledonia
SU'EC'-IJ'_E'\”'I/%_ .\Goamal Forests of Eastern Africa Australia Pl sl

Source: www.conservation.org

and Canada combined, or more than 12
per cent of the Earth’s surface (Chape et
al. 2003). That total exceeds the ten
per cent called for in the Caracas Action
Plan formulated at the Fourth World Parks
Congress held in 1992 in Caracas, Venezu-
ela. Between 10 and 30 per cent of some of
the planet’s vital natural features, such as
Amazonian rain forests and tropical savan-
nah grasslands, are classified as protected
areas. However, ecoregional and habitat
representation remains uneven.

Currently, almost half of the world’s
protected areas are found in regions where
agriculture and logging are primary land-

use strategies. All indications are that food

g




and timber production will need to in-
crease in coming decades to keep up with
population growth and increasing demand
for wood and wood products. Thus, estab-

lishing additional protected areas, while

helping to preserve biological diversity, will

take land out of production and put more
stress on lands elsewhere (Sohngen et al.
1999). Balancing the need to protect wild
species and conserve habitat while at the
same time increasing agricultural and tim-
ber production represents a tremendous
challenge (McNeely and Scherr 2001).

Of the world’s protected areas, the vast
majority—91.3 per cent—are found in ter-
restrial ecosystems. Fewer than ten
per cent of the world’s lakes and less than
0.5 per cent of the world’s seas and oceans
lie within protected areas (SBSTTA 2003).
Recognizing that the world’s marine en-
vironment remains largely unprotected,
the Fifth World Parks Congress put forth
the Durban Action Plan. The Plan calls for
the establishment of at least 20-30 per cent
marine protected areas worldwide by 2012.
The Plan also calls for the conservation of
all globally threatened or endangered spe-
cies by 2010.

In the coming years, further develop-
ment of global networks of protected areas
will need to focus on four areas (Green
and Paine 1997):

® consolidating existing networks by ad-
dressing major gaps;
* physically linking protected areas to

one another so they function more ef-

fectively as networks;
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¢ expanding networks by forming or
strengthening links with other sectors,

notably the private sector;

¢ and improving the effectiveness with

which protected areas are managed.

Protected areas are often considered a
kind of sacrifice, a financial burden rather
than an asset. Yet establishing, maintain-
ing, and expanding protected areas is a
fundamental approach to safe-guarding
the environment and conserving
biological diversity.

Protected areas are also important in
other respects, such as helping to maintain
freshwater resources. Protected areas may

also hold the cures to some of the world’s

Credit: Harriett O’Mahony/UNEP/ Topfoto

most devastating diseases in the form of
unique chemical compounds and as-yet-un-

discovered genetic material.

A recent analysis published by Con-
servation International identified nine
additional sites as areas of extraordinarily
high biological diversity, popularly known
as hotspots, taking the count of hotspots to
34. These 34 regions worldwide are where
75 per cent of the planet’s most threatened
mammals, birds, and amphibians survive.
In these 34 hotspots, estimated 50 per cent
of all vascular plants and 42 per cent of
terrestrial vertebrates exist. Therefore it is
critical to protect and preserve these areas

(Conservation International 2005).

Credit: Christian Lambrechts/UNEP
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Case Study: Kameng and Sonitpur Map of Study Area
Elephant Reserves,

Arunachal Pradesh, India

S. P. S. Kushwaha and Rabul Hazarika

The Kameng and Sonitpur Elephant Re-

serves in northeastern India are comprised of
transborder subtropical evergreen to tropical
moist deciduous forests of Arunachal Pradesh
andAssam. The reserves are facing deforesta-
tion and habitat loss in recent years. This study
attempts to investigate the loss of habitat in
these reserves using temporal satellite imagery
of periods 1994, 1999 and 2002. The on-screen
visual interpretation of the three-period imag-
ery revealed alarming and continuous habitat
loss from 1994 to 2002. The overall habitat loss
was found to be 344 km? (133 square miles) be-

W sanie

tween 1994 and 2002. The average annual rate
of deforestation worked out to be 1.38

per cent, which is much bigger than the na-
tional average. The rate of deforestation was
highest between 1999 and 2002. The study indi-
cated that at this rate much of the forests in the
study area would be depleted within the next
few years. It also showed that moist deciduous
forests, which possess the highest biodiversity
in Assam, are facing maximum deforestation.
High deforestation has resulted in high man-

elephant conflicts.
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2.6 Energy
Consumption
and Resource
Extraction

Energy is measured by its capacity to do work
(potential energy) or the conversion of this
capacity to motion (kinetic energy). Most of the
world’s convertible energy comes from fossil fu-
els that are burned to produce heat that is then
converted to mechanical energy or other means
in order to accomplish tasks (EIA 2004a).

Energy is essential for the fulfillment of many
basic human needs, such as generating electric-
ity, heating and cooling living spaces, cooking
food, forging steel, and powering engines for
many forms of transportation (Harrison and
Pearce 2001). Energy use is closely tied to hu-
man health and well-being. Worldwide, roughly
2 000 million people do not have access to elec-
tricity. Countries in which energy use is low tend
to have high infant mortality rates, low literacy
rates, and low life expectancies. It is through
the utilization of convertible energy sources that
the modern world has transcended its agrarian
roots and fostered the energy-driven societies
that characterize it today. Generating the power
to sustain these societies has entailed extract-
ing massive amounts of natural resources from

the planet. Extraction is the process of obtain-

Nightlight Map of the World

)

Credit: Darren Defner/ UNEP/ Topfoto

Credit: NOAA/UNEP/NASA
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Credit: Jon P Bonetti /UNEP/Topfoto

Affluent countries consume vast quantities of global natural resources, but contribute
proportionately less to the extraction of many raw materials. This imbalance is due, in
part, to domestic attitudes and policies intended to protect the environment. Ironically,
developed nations are often better equipped to extract resources in an environmentally
prudent manner than the major suppliers. Thus, although citizens of affluent countries
may imagine that preservationist domestic policies are conserving resources and
protecting nature, heavy consumption rates necessitate resource extraction elsewhere and
oftentimes with weak environmental oversight. A major consequence of this “illusion of
natural resource preservation” is greater global environmental degradation than would
arise if consumption were reduced and a larger portion of production was shared by
affluent countries. Clearly, environmental policy needs to consider the global distribution
and consequences of natural resource extraction (Berlik et al. 2002).

ing a useful substance from a raw material
(NCR&LB 2003). Such raw materials may
include fossil fuels, metals, minerals, water,
and biomass, including animals and raw
materials from plants and crops

(EEA 2001).

Resources can be divided into those that
are renewable, such as plant and animal
material, and those that are not, including
coal, oil, and minerals. The Earth has a
finite supply of non-renewable resources.
Even renewable resources, however, are

exhaustible if they are used faster than they

cent between 2001 and 2025, from 404
quadrillion British thermal units (Btu) in
2001 to 640 quadrillion Btu in 2025 (EIA

2003; EIA 2004b). While a slow, steady in-

crease in energy consumption is expected

in industrialized nations, where most en-
ergy use currently takes place, a meteoric
increase in consumption is anticipated in
the developing world during that period
(Tilford 2000).

The tempo at which energy resources
are being used to fuel modern societies

is rapidly depleting supplies of non-re-

can be replenished.

Total world energy consumption has

risen almost 70 per cent since 1971 (WRI
1998). It is expected to increase by 58 per

newable resources and far exceeding the
rate at which renewable resources can be
naturally renewed (Ernst 2002). In many

least-developed countries, for instance,

burning biomass in the form of wood
(largely a non-renewable resource) gener-
ates 70 to 90 per cent of the energy needed
and disregard for the fate of non-renew-
able resources is prevalent. In the United
States, for example, 72 per cent of the
country’s electricity is generated using non-
renewable resources. Only about 10 per
cent comes from renewable resources, with

nuclear power providing the rest.

Currently, 85 per cent of world energy
consumption comes from the burning of
fossil fuels—oil, coal, and natural gas (BP
2003). Although no immediate shortages
of these non-renewable energy resources
exist, supplies are finite and will not last

forever. What took millions of years to
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Case Study: Blackout in
United States and Canada

14 August 2003

On 14 August 2003, parts of the northeast-
ern United States and southeastern Canada
experienced widespread power blackouts.
Among the major urban agglomerations af-
fected by the electrical power outage were
the cities of New York City, Albany, and Buf-
falo in New York, Cleveland and Columbus
in Ohio, Detroit in Michigan, and Ottawa
and Toronto in Ontario, Canada. Other
U.S. states, including New Jersey, Vermont,
Pennsylvania, Connecticut, and Massa-
chusetts, were also affected. The blackout
resulted in the shutting down of nuclear
power plants in New York and Ohio, and
air traffic was slowed as flights into affected
airports were halted. Approximately 50
million people were affected by the outage.
The change in the nighttime city lights is
apparent in this pair of Defense Meteoro-
logical Satellite Program (DMSP) satellite
images. The top image was acquired on 14
August, about 20 hours before the black-

out, and the bottom image shows the same
area on 15 August, roughly seven hours
after the blackout. In the bottom scene,
notice how the lights in Detroit, Cleveland,
Columbus, Toronto, and Ottowa are either
missing or visibly reduced. Previous major
blackouts include the 9 November 1965
outage caused by a faulty relay at a power
plant in Ontario, which affected a large
swath of land stretching from Toronto to
New York. Another one followed on 14
July 1977, the result of a lightning strike,
affecting New York City. The power supply
in nine western states was also affected in
August 1996 as a result of a high demand
for electricity, a heat wave, and sagging
electrical power lines.

Source: NASA 2002, hitp://earthobservatory.nasa.gov/
NaturalHazards/natural_hazards_v2. php32img_id=11628;
GlobalSecurity.org 2003, hitp://www.globalsecurity.org/eye/
blackout_2003. htm

Ditresdt

15 August 2003 after power failure

Credit Image courtesy Chris Elvidge, U.S. Air Force hitp://earthobservatory.
nasa.gov/NaturalHazards/Archive/Aug2003/NE_US_OLS2003227_lrg.jpg



Case Study: SWERA, the Solar and Wind
Energy Resource Assessment

The Solar and Wind Energy Resource Assessment
(SWERA)—co-financed by the Global Environ-
ment Facility (GEF)—is a project to assist 13 devel-
oping countries identify optimal locations for po-
tential solar and wind energy production. SWERA
assists by creating a global archive of information
gathered through a network of international and
national agencies. These agencies collect and
analyse data on solar and wind energy resources,
energy demand, and electrification. Using inputs
derived from satellite and surface observations,
SWERA partners model wind and solar energy re-
source potential and produce maps of wind power
density and monthly average and daily total solar
radiation of a given area. This information can
then be used to facilitate investments and create
policies in the participating countries for develop-
ing solar and wind energy.

Source: UNEP/GRID-Sioux Falls

Credit: NCAT/UNEP/NREL

Credit: Energy Northwest/UNEP/NREL
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produce will be consumed in the time
frame of a century or two (Hawken 1994;
Tilford 2000).

This rapid, large-scale consumption of a
fuel source that took millennia to produce
has generated unforeseen complications,
several with global implications. Burning
fossil fuels produces atmospheric pollutants
such as oxides of sulfur and nitrogen and
unburned hydrocarbons. Fossil fuel com-
bustion also adds one of the most prevalent
greenhouse gases—carbon dioxide—to the
atmosphere. As a result, world energy use
has emerged at the center of the climate
change debate. World carbon dioxide emis-
sions are projected to rise from
23 900 million metric tonnes in 2001 to
27 700 million metric tonnes in 2010 and
37 100 million metric tonnes in 2025 (EIA
2004b). The Earth’s atmosphere and bio-
sphere will not remain unchanged by the
combustion of such enormous amounts of
these fuels. The relatively sudden release of
massive amounts of carbon has the poten-
tial not only to disrupt the Earth’s heat
balance and climate, but other parts of
the global carbon cycle as well, and in

unpredictable ways.

The Earth cannot sustain existing levels
of resource consumption. Furthermore,
resource extraction methods are often
environmentally destructive. The impact
of environmental degradation hits those
who are poorest the hardest. Many of the
world’s energy sources and other natural
resources come from developing countries.
Extracting and harvesting these resources
can result in air, soil, and water pollution.
It also generates waste; the amount of waste
associated with extracting minerals, for
instance, can be enormous. Disposing of
wastes in environmentally friendly ways is
a daunting, if not impossible, task in many

developing nations.

A major challenge for the 21st century
is to develop methods of generating and us-
ing energy that meet the needs of the popu-
lation while protecting the planet (Harri-
son and Pearce 2001). Yet most of the world
is still without energy policies that direct or

restrict consumption patterns.

Only through conservation and resource
recovery strategies can we hope to reach a
sustainable balance between available re-

sources and their consumption. The utiliza-

Sources of Energy

Coal

Coal is the world’s largest source of fuel for
electricity production. The byproducts of coal
combustion are also a major source of envi-

ronmental damage.

Credit: Unknown/UNEP/Freefoto.com

Oil

Although used primarily in the production
of transportation fuels, oil is also used for
generating electricity, for heating, and in the
production of chemical compounds and syn-

thetic materials.

Credit: Unknown/UNEP/Freefoto.com

Natural Gas

Compared to coal and oil, natural gas is a
relatively clean-burning fossil fuel. It is used
primarily for heating and for powering many
industrial processes. Increasingly, natural gas

is burned to drive turbines used in the pro-

duction of electricity.
Credit: Unknown/UNEP/Freefoto.com

Biomass

Plant and animal material, or biomass, is a
rich source of carbon compounds. When
burned to release energy, biomass does not
add additional carbon to the natural carbon
cycle as do fossil fuels. Fast-growing plants,
such as switchgrass, willow, and poplar can

be harvested and used as “energy crops.”

Biomass wastes, including forest residues,

Credit: Volker Quaschning/UNEP

lumber and paper mill waste, crop wastes,
garbage, and landfill and sewage gas, can be
used for heating, as transportation fuels, and
to produce electricity, while at the same time
reducing environmental burdens. According
to the World Bank, 50 to 60 per cent of the en-
ergy used in developing countries in Asia, and
70 to 90 per cent used in developing countries
in Africa, comes from wood or other biomass;
half the world cooks with wood.

Sources:
www. freefoto.com, hitp://www.topfoto.co.uk/, Prof. Dr.-Ing. habil. Volker Quaschning hitp://www.volker-quaschning.de



Credit: Volker Quaschning/UNEP

Credit: Lupidi/ UNEP/ Topfoto

Credit: Anthony Karbowski/UNEP/ Topfoto

Credit: Sanjay Singh/UNEP/ Topfoto

Nuclear

Nuclear power harnesses the heat of ra-
dioactive materials to produce steam for
electricity generation. The use of nuclear
power is expected to decline as aging

plants are taken out of operation.

Hydroelectric

Hydroelectric power uses the force of mov-
ing water to produce electricity. A large
part of the world’s electricity is produced in
hydroelectric plants. Many of these plants,
however, are associated with large dams that
disrupt habitats and displace people. Small-
er “run of the river” hydroelectric plants

have less environmental impact.

Geothermal

Geothermal energy is energy contained in
intense heat that continually flows outward
from deep within the Earth. Geothermal
energy is typically used to heat water, which
is then used to heat buildings directly or to

drive turbines to produce electricity.

Solar

Solar energy—power from the sun—is
readily available and inexhaustible. Hu-
mans have used sunlight for heating and
drying for thousands of years. Converting
the power of sunlight into usable energy
forms, such as electricity, is not without
cost, but the sunlight itself is free. Solar
cells, or photovoltaics, are devices used to

transform sunlight into electric current.

Wind

Wind power is an ancient energy source
that has moved into the modern era. Aero-
dynamically designed wind turbines can
produce electricity more cheaply than coal-

burning power plants.

tion of non-renewable resources is
theoretically not sustainable. But if used
wisely, some non-renewable resources can
be conserved and recycled for a very long
time. To recycle means to make new prod-
ucts from old ones. Recycling materials
such as paper, aluminum, and glass saves
energy, reduces pollution, and conserves
natural resources (EPA 2003). Every nation
must assume responsibility for recycling
its own wastes. Some industrialized West-
ern countries “dispose” of their electronic
wastes by shipping them to Asia—an in-

creasingly common practice (FOEE 2004).

To insure that renewable resources
can be replenished at a sustainable rate,
people must switch to more environmen-
tally friendly energy sources and employ
new technologies that can help make such
sustainability a reality (Ernst 2002). Indeed,
new technologies—coupled with effective
and efficient use of existing technologies—
are essential to increasing the capabilities
of countries to achieve sustainable devel-
opment on many fronts, as well as sustain-
ing the world’s economy, protecting the
environment, and alleviating poverty and

human suffering (Hay and Noonan 2000).

Most changes in the Earth, including
changes brought about by increasing ener-
gy consumption, can be observed through
such tools as remote sensing. Remote
sensing is the collection of information
about an object without being in physical
contact with the object. Aircraft and satel-
lites are the common platforms from which
remote sensing observations are made.
Satellite imagery, a crucial component of
this publication, is especially useful for
studying changes in our Earth’s environ-
ment. Most satellite imagery is collected
using multispectral scanners, which record
light intensities in different wavelengths in
the spectrum from infrared through vis-
ible light through ultraviolet light. Satel-
lite imagery is useful because of its stable
nature (same resolution, same time, same
data characteristics). Aided by the global
positioning system (GPS), these satellites
know their orbital position precisely. Thus,
satellite imagery is ideally suited for applica-
tions requiring large-area coverage, such as
agricultural monitoring, regional mapping,
environmental assessment, and infrastruc-

ture planning (Krouse et al. 2000).
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The so-called Black Triangle is an area bordered by Germany, Poland, and
the Czech Republic and is the site of extensive surface coal mining opera-
tions. In the 1975 satellite image above, the gray areas are surface mines
located primarily in the Czech Republic. Air-borne pollutants from coal
extraction activities tended to become trapped by the mountainous ter-
rain to the northeast and were concentrated in the area around the mines,

THE BLACK TRIANGLE, EUROPE
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eventually causing severe deforestation along the border between the Czech
Republic and Germany. In the 2000 image, this deforestation is very obvi-
ous, appearing as large brownish patches. Interestingly, the 2000 image also
reveals somewhat improved vegetation cover—a slight “greening” of the
landscape—as compared to conditions in 1975. Some of this improvement
may be attributable to actions taken by the three countries bordering the
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Black Triangle to reduce pollutants produced by the mining operations. The
implementation of anti-pollution technologies, including circulating fluid-
ized-bed boilers, clean coal technology, and nitrous oxide emission burners,
appears to have reversed some, albeit not all, of the environmental damage
experienced by the region as a result of the mines.
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In one year up to 67 000 tonnes of sulfur dioxide, 500 tonnes of lead, 400
tonnes of zinc and 4 tonnes of cadmium can be released by the city’s two ac-
tive smelters. The affected area is huge: in excess of 180 000 hectares (445 000
acres) of land are affected by air pollution and 150 000 hectares (371 000 acres)
of agricultural land are untenable. 31 000 hectares (77 000 acres) of forest are

also unacceptably polluted.
Credit: Lorant Czaran/UNEP
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Copsa Mica is a large industrial city located in the very center of
Romania and is classified as an “environmental disaster area.” The en-
vironmentally damaged area covers hundreds of square kilometres of
land. The main industries in Copsa Mica are non-ferrous metalworking
and chemical processing plants, and their effect on the environment

COP§A MICA, ROMANIA has been devastating. Air pollution by heavy metals is 600 times
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the allowed levels. To make matters worse, a lead-smelting facility emitted In 1989 Copsa Mica was exposed as one of the most polluted places in
fumes containing sulfur dioxide, lead, cadmium, and zinc on the town and Europe. It has the highest infant mortality rate in Europe, 30.2 per cent of
surrounding area for 50 km?2 (19 square miles). The entire town and much of  children suffer reduced “lung function”and 10 per cent of the total popula-
the surrounding area were covered with a blanket of black soot daily until the tion of 20 000 suffer “neurobehavioral problems.” The soil and the local food
facilities were forced to close in 1993. chain probably will remain contaminated for at least another three decades.




ESCONDIDA, CHILE

Located at an elevation of 3 050 m (10 006 ft), Chile’s Escondida Mine
is an open-pit copper, gold, and silver mine and also the largest cop-
per mine in the world. Isolated in the barren, arid Atacama Desert in
the country’s far north, the Escondida Mine relies heavily on external
well fields for the water used in its mining operations. Unlike similar
mining operations, however, Escondida has a redeveloped tailings




impoundment, which appears on the 1989 image as a white patch in the
lower left corner. Impoundments of this type help reduce water consump-
tion and enhance water conservation, two areas where mining activities
typically fall short. The Escondida Mine also minimizes the impact of its
operation on the environment by means of a 170-km-long (106 miles) un-
derground pipeline that carries copper concentrate slurry from the mine to

- . | ——
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L u
the port of Coloso. This underground scheme is efficient and ecologically
sound, as the copper travels downhill without disrupting the environment.
The 2003 image shows how the Escondida Mine has grown and expanded
while at the same time continues to minimize negative impacts from its
mining operations on the environment.

Dec 2003
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As of 2001, the Ekati Mine was North America’s only operating dia-
mond mine. Located in the north central Northwestern Territories
(NWT) of Canada, the mine yields raw diamonds from a sparsely
inhabited sub-arctic region. Air transport connects mine personnel

and supplies year-round, while a single winter ice road provides the
only vehicular access just ten weeks per year.
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Expanded mining exploration in the 1990s began a new era for this other-
wise undeveloped region. Wildlife officials have collared and tracked caribou,
in a herd ranging from 350 000 to half a million, to monitor their movement
and behavior in proximity to the mines. Historical information about the
herds comes from Dogrib and Inuit knowledge obtained from elder natives

who still inhabit the NWT, and who have depended on the caribou
for centuries.

These two images compare the same area, pre-mining and after mine op-
erations have commenced. The white patch in the northwest portion of the
2000 image represents the mine and the associated infrastructure.




The controversial Ok Tedi copper mine is located at the

headwaters of the Ok Tedi River, a tributary of the Fly River,

in extremely rough terrain in the rainforest-covered Star

Mountains of Papua New Guinea'’s western province. Prior
O K TEDI MINE , PAPUA NEW GUINEA to the opening of the mine in 1984, this area was very

56 isolated, sparsely inhabited, and ecologically pristine. This
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pair of satellite images reveals the tremendous environmental impact the biodiversity. In the 1990 image, both the mine and the township of Tabu-
mine has had in 20 years. The uncontrolled discharge of 70 million tonnes of ~ bil—developed east of the river in support of the mine—are clearly visible.
waste rock and mine tailings annually has spread more than 1 000 km (621 Lighter patches of green show disturbance of the original forest cover from
miles) down the Ok Tedi and Fly rivers, raising river beds and causing flood- subsistence agriculture, road clearing, and other infrastructure development.

ing, sediment deposition, forest damage, and a serious decline in the area’s
57
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The Powder River basin, located in northeast Wyoming
and southeast Montana, is a core area of coal and natural
gas production in the United States. Coal mining activities
in the basin date back to 1975.

In recent years surface mining in Wyoming has mush-
roomed, making it the leading coal producer in America
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at almost 300 000 tonnes per year. Similarly, coal bed methane gas develop-
ment in this region is unrivaled in the U.S.

The images show areas under coal exploitation. Notable is the remarkable
increase in mining operations in the 2001 image. Reasons for the expansion
include improvements in the area’s rail network, the high grade of the coal

deposits, and the depletion of high-grade deposits in other major coal min-
ing areas such as West Virginia and Kentucky.

The open cast coal mines appear as white-purplish while the reddish
brown areas are bare ground. Vegetated areas are green.
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Mining of bauxite (aluminum ore) began at Weipa, on the Cape York

MI N I N G Pennisula in Queensland, Australia, in 1963. The mine produces 8.5

metric tonnes of ore annually, making it one of the world’s largest
open-cut bauxite mines.

Under current mining practices, vegetation is cleared and the
topsoil is removed and either stockpiled for later use or immediately

Werra Bauxire Mine, AustraLia
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The total lease covers an area of approxi-
mately 2 590 km2 (1 000 square miles) of
which 68 km? (26 square miles) have been
mined. Approximately four km2 (1.5 square
miles) of the mined land is revegetated each
year, and over 50 kmZ2 (19 square miles) of
land has been revegetated to date.

i 5 10
I ] Kilometres

replaced on previous mined areas. After topsoil removal, the bauxite is re- soil conservation measures are implemented, and the area is then normally
moved, resulting in a lowering of the entire landscape to a depth equivalent planted with suitable native species so that it gradually reverts to bushland.
to the thickness of the orebody, often several meters. If the topsoil can be Some of the profits generated by the mining operation are being placed in
returned to a mined-out area after only a short time, it still contains most of  a trust for cultural protection, development and long-term investments to
the original soil fungi, bacteria and micro fauna. In addition, the seeds from  compensate for the disruption of local Aboriginal inhabitants and

the original plant community are likely to be viable. On slopes, rigorous their environment.
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Human Impacts on the Planet
Visualising Change over Time

Human interactions with the environment
leave many traces. For much of human
history, human impact on the Earth’s
surface has been relatively minor. In the
last several hundred years, however, that
impact has grown tremendously. Change
brought about by human activities can now
be objectively measured; it can even be
seen from space. A study by the National
Aeronautics and Space Administration
(NASA 2003a) known as The Human Foot-
print (Figure 3.1) is a quantitative analysis
of human influence across the globe that
illustrates the impact of people and their

activities on the Earth.

Evidence of change is not always vis-
ible on the landscape. Change also occurs
in the atmosphere, in the soil, and in the
oceans and other water bodies. In these
environments, evidence of change can
still be “seen,” however, by detecting and
measuring things such as rising average
global temperatures, the concentrations of
certain gases in the atmosphere, and vari-

ous chemical contaminants in water.

Change alone is not the only problem.

It is the degree to which human activities

are changing the Earth that is also cause

Map of the Human Footprint

Human Footprint
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Figure 3.1: The Human Footprint is a quantitative analysis of human influence on the Earth’s surface. In this

map, human impact is rated on a scale from (0 (minimum) to 100 (maximum) for each terrestrial biome. The
color green indicates areas of minimal impact while purple indicates areas of major impact. Credit: Scott, Michon
2003. The Human Footprint. NASA: Socioeconomic Data and Applications Center. Source: hitp://earthobservatory.nasa.gov/Newsroom/

Newlmages/Images/human_footprint.gif

for growing concern. For instance, the
results of a recent ten-year study concern-
ing the ecological effects of industrialized
fishing in the world’s oceans reveals that
large predatory fish species including
tuna, marlin, sharks, cod, and halibut have
declined by an estimated 90 per cent from

pre-industrial levels (Myers and Warm

2003). Furthermore, the average size of
surviving individuals among these species
is only one-fifth to one-half what it was

previously.

The composition of the Earth’s atmo-
sphere is also undergoing rapid change.
Since life began on Earth, changes in

climate have ordered the distribution of

Credit: Apollo Mbabaz/UNEP/ Topfoto
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organisms and their behavior. Today,
increases in atmospheric concentrations
of greenhouse gases are expected to cause
more rapid changes in the Earth’s climate
than have been experienced for millennia
(Figure 3.2). Atleast some of the increase
globally is due to human activity, and
certainly, local impacts such as urban heat
islands have profound effects on regional
climatic conditions. As shown in Figure 3.2,
waste generation and disposal is one of the
ways in which humans contribute green-

house gases to the atmosphere.

An emerging global impact issue is that
of electronic or E-waste—a collective term
for discarded electronic devices. Over the
past decade, E-waste has become one of
the world’s fastest growing waste streams

and—due to the presence of lead, mer-

Figure 3.2: The disposal and treatment of waste can
produce emissions of several greenhouse gases that
contribute to global climate change. Even the recy-
cling of waste produces some emissions, although
these are offset by the reduction in fossil fuels that
would be required to obtain new raw materials. Both
waste prevention and recycling help address global
climate change by decreasing greenhouse gas emis-
sions and saving energy (Environmental Protection

Agency). Source: http://www.grid.unep.ch/waste/himl_file/42-
43_climate_change. html

cury, brominated flame retardants, and
other hazardous substances—one of the
most toxic. The disposal of computer waste
in particular is becoming a difficult issue as
millions of computers and other electronic
devices are rapidly becoming obsolete as
each year the industry produces ever-great-
er quantities of less-expensive equipment.
There are an estimated 300 million obso-
lete computers in the United States, with

fewer that ten per cent destined for recy-
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cling each year. Even when a computer is
sold to a secondhand parts dealer, however,
there is a good chance it will end up
in a dump in the developing world
(Figure 3.3).

The Earth’s forests are also under
pressure. Tropical forests are now being
subjected to the same heavy exploitation
as were temperate forests a few genera-
tions ago. Pressures from logging, mining,
hydropower, and a hunger for land are
In developed countries, the contibution of
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leading to large areas of forest being con-
verted to serve other purposes. The integ-
rity of forest ecosystems is being affected

as the timber and paper industries remove
vast areas of mature tropical and temperate
forests. As a consequence, forest ecosys-
tems lose their ability to support complex
biodiversity and thousands of plant and

animal species disappear forever.

Several globally significant environ-
mental trends that have occurred between
1980 and 2000 may also be contributing to
loss of forest ecosystems, including global
warming (the two warmest decades on
record are the 1980s and 1990s), three in-
tense El Nino events, changes in cloudiness
and monsoon dynamics, and a 9.3
per cent increase in atmospheric CO,. Al-
though these factors, along with others, are
thought to exert their influence globally,

their relative roles are still unclear.

An observed decline in tropical cloud
cover is probably one of the more impor-
tant recent climatic changes, although

none of the existing climate models can
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accurately simulate this effect. It is known
that continued reductions in tropical cloud
cover, if accompanied by reduced rainfall,
will have profound implications for tropical
ecosystems in terms of water stress, produc-
tivity, ecological community composition,

and disturbance patterns.

Images of Change

Various types of ground-based instruments,
together with n situ surveys and analyses,
can measure many of the changes being
brought about on the Earth as a result of
human activities. But such changes can
also be observed—in more detail and with
a “big picture” perspective—f{rom space by
Earth-orbiting satellites that gather images
of the Earth’s surface at regular intervals.
The Landsat series of Earth-observing
satellites has compiled a data record of the
planet’s land surfaces that spans the past

thirty years and continues today.

By comparing two images of the same
area taken ten, twenty, or even thirty years

apart, it is often easy to see human-induced

changes in a particular landscape. Few
places remain on our planet that do
not show at least some impact from

human activities.

The focus of this chapter is a set of
specific case studies in which satellite im-
ages, taken at different times, are paired
so as to reveal changes and human impacts
on the atmosphere, oceans and coastal
zones, freshwater ecosystems and wetlands,
forests, croplands, grasslands, urban areas,

and the tundra regions.

The changes that we see in pairs of
satellite images should make us cautious.
Some are positive changes. But many more
are negative. These images could be seen
as warning signs. At the least they should
provide us with food for thought and
prompt us to ask pointed questions: How
can we be more protective of our environ-
ment? How can we use the environment in
ways that will not reduce the ability of the
Earth to support us in perpetuity?

Figure 3.3: The high tech boom has been accompanied by E-waste, which rep-
resents the largest and fastest-growing type of manufacturing waste product.
Recycling E-waste involves major producers and users, and the shipping of
obsolete equipment and other products to Asia, Eastern Europe, and Africa where
recyclers, such as the people in this photo, are exposed to toxic substances. Source:

-

hitp://www.grid.unep.ch/waste/html_file/36-37_ewaste. html

Credit: Unknown/UNEP/Basel Action Network
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3.1 Atmosphere

he Earth’s atmosphere is a collec-

tion of gases, vapor, and particu-

lates that together form a blanket
of “air” that surrounds the planet. The
atmosphere extends over 560 km (348
miles) from the surface of the Earth out
toward space, and can be roughly divided
into five major layers or sections (Figure
3.4). The primary components of the at-
mosphere are three gases: nitrogen (N, 78
per cent), oxygen (O,, 21 per cent), and
argon (Ar, 1 per cent). Other components,
present in smaller amounts, include water
vapor (H,0O, 0-7 per cent), ozone (Os, 0-
0.01 per cent), and carbon dioxide (CO,,
0.01-0.1 per cent) (Phillips 1995).

The Earth’s atmosphere plays many
vital roles essential to sustaining life on
the planet. The air we breathe circulates
through its lowest level. The chemical ele-
ments carbon, nitrogen, oxygen, and hy-
drogen, which are constituents of all living
things, are cycled and recycled in the atmo-
sphere. Organisms convert these elements
into carbohydrates, proteins, and other
chemical compounds. The atmosphere
also shields life on the planet’s surface
from harmful solar radiation, and—for the
most part—from the threat of meteorites,
which typically burn up as they go through
the atmosphere (UNEP 1999a).

Exosphere —»
400 km altitude
Thermosphere — 3 300km
Mesosphere ———» 50km

Stratosphere ———» 40km
Troposphere ——» 10km

Figure 3.4: The Earth’s atmosphere Credit: Used with permission from Centre for Atmospheric Science, University of Cam-
bridge, UK. Source: hitp://www.atm.ch.cam.ac.uk/towr/atmosphere. html

Human activities impact the Earth’s Ozone Depletion
atmosphere in many ways. Some activities . .
. Ozone is a relatively unstable molecule,

produce a quite direct effect, such as gen-
) ) made up of three oxygen atoms (Og). In
erating and releasing pollutants that foul )
. . o the atmosphere, ozone is formed naturally
the air, and adding carbon dioxide and . .
in the stratosphere. It is concentrated
other greenhouse gases to the atmosphere B .
. . . there as an “ozone layer” that acts as a
that induce global warming and climate . . ; .
. protective shield against harmful ultravio-
change. Other human impacts, such as o .
. . let (UV) radiation coming from the Sun.
water pollution, land degradation, and )
. L . The loss of stratospheric ozone allows
human-induced loss of biodiversity, can o ,
L more UV radiation to reach the Earth’s
indirectly affect the atmosphere, as well as . .
surface, where it can cause skin cancer and

the water and land. . .
cataracts in people and negatively affect

In this section, four major issues that in other living things as well.
volve human impacts on the atmosphere— ) .
) ) . Ozone is also found in the troposphere,
ozone depletion, global warming, climate , .
. . the layer of the Earth’s atmosphere that is
change, and air pollution—are addressed. ,
closest to the planet’s surface. Ozone can

Credit: Image Analysis Laboratory/UNEP/NASA Johnson Space Center



be formed naturally in the troposphere—
for example, by lightning. However,
tropospheric ozone is also a byproduct of
certain human activities. Vehicle exhaust
contributes large quantities of ozone to the
troposphere each year.

Depending on where ozone resides,
it can protect or harm life on the Earth
(Figure 3.5). In the stratosphere, ozone
is “good” as it shields life on the surface
from harmful solar radiation. In the tropo-
sphere, ozone can be “bad” as it becomes
a type of air pollution. Changes in the
amount of ozone in either the stratosphere
or the troposphere can have serious
consequences for life on the Earth. For
several decades, “bad” tropospheric ozone
has been increasing in the air we breathe,
while “good” stratospheric ozone has been
decreasing, gradually eroding the Earth’s
protective ozone shield (Thompson 1996).

Since the late 1970s, scientists have

detected a slow but steady decline in the

!. : ' =
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—

Credit: Image Analysis Laboratory/UNEP/NASA Johnson Space Center

amount of ozone in the stratospheric compounds, coupled with fluctuations in
ozone layer. This ozone destruction re- stratospheric temperature.

sults from the presence of certain types In polar regions, particularly the area
of chemicals in the atmosphere, espe- of the atmosphere that overlies Antarctica,
cially chlorofluorocarbons (CFCs) and ozone depletion is so great that an “ozone
other chlorine- and bromine-containing hole” forms in the stratosphere there every

Stratosphere:

In this region, ozone
is “good.” It protects
us from the sun’s
harmful ultraviolet

Troposphere: radiation.
In this region, ozone is
“bad.”It can damage
lung tissure and plants.
Mesosphere

Ozone in the Earth’s Atmosphere

Figure 3.5: Ozone in the stratosphere forms the protective ozone layer that shields the Earth’s sur-
face from harmful solar radiation. Ozone in the troposphere, the lowest part of the atmosphere,
can be a form of air po]lution. Source: hitp://www.atmos.umd.edu/~owen/CHPI/IMAGES/ozonefigl. himl
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06 Sep 2000

Ozone « Total Ozone Mapping Spectrometer (TOMS)

24 Sep 2003

Figure 3.6: Every austral spring, an area of severe stratospheric ozone depletion— an “ozone
hole”—forms in the atmosphere over Antarctica. The ozone holes that formed in 2000 and 2003

were the largest and second largest on record, respectively. Source: hitp://www.gsfe.nasa.gov/gsfc/earth/
pictures/2003/09250zonehole/still_hires_24Sept2003.tif and hitp://www.gsfc.nasa.gov/ftp/pub/ozone/ozone_still_2000_09_06.tif

(NASA 2004a)

austral spring (late August through early
October). In the past few years, the Ant-
arctic ozone hole has been about the size
of North America. In 2000, the Antarctic
ozone hole was the largest on record,
covering 29.6 million km? (11.4 million
square miles). In the austral spring of
2003, it was almost as large, covering 28.9
million km? (11.1 million square miles)
(Figure 3.6).

Seasonal ozone depletion is also
noticeable around the North Pole. More
than 60 per cent of stratospheric ozone

north of the Arctic

Circle was

lost during the winter and early spring of
1999-2000 (Shah 2002).

Some ozone-depleting chemicals, such
as CFCs, also contribute to global warm-
ing. Like carbon dioxide and methane,
CFCs are powerful greenhouse gases
that trap heat radiating from the Earth’s
surface and prevent it from immediately
escaping into space. This causes the part
of the atmosphere nearest the Earth’s sur-
face to warm, resulting in global warming.
This warming in the troposphere, how-
ever, leads to colder-than-normal tempera-
tures in the stratosphere. This, in turn,
enhances the formation of certain types of
stratospheric clouds that foster ozone-de-
stroying chemical reactions in the strato-
sphere (Shanklin n.d.).

1984

Dobson Units

80 250 610

Fortunately, bans against the produc-
tion and use of CFCs and other strato-
spheric ozone-destroying chemicals ap-
pear to be working to reverse the damage
that has been done to the ozone layer. In
the past few years, the Antarctic ozone

hole has not increased significantly in size

Figure 3.7: Growth of the Antarctic ozone
hole over 20 years, as observed by the satel-
lite-borne Total Ozone Mapping Spectrometer
(TOMS). Darkest blue areas represent regions
of maximum ozone depletion. Atmospheric
ozone concentration is measured in Dobson
Units. A “normal” stratospheric ozone mea-
surement is approximately 300 Dobson Units.
Measurements of 220 Dobson Units and below

represent significant ozone depletion. Source:
hittp://www.gsfc.nasa.gov/topstory/2004/05 1 7aura. html
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or intensity. Some researchers predict that
if atmospheric concentrations of ozone-de-
stroying chemicals drop to pre-ozone-hole
levels, the Antarctic ozone hole should dis-
appear in approximately 50 years (Figure
3.7) (WMO-UNEP 2002).

Global Warming

Atmospheric temperature and chemistry
are strongly influenced by the amount

and types of trace gases present in the
atmosphere. Examples of human-made
trace gases are chlorofluorocarbons, such
as CFC-11, CFC-12, and halons. Carbon
dioxide, nitrous oxide, and methane (CH,)
are naturally formed trace gases produced

by the burning of fossil fuels,

released by living and

dead biomass,

and resulting from various metabolic
processes of microorganisms in the soil,
wetlands, and oceans. There is increasing
evidence that the percentages of environ-
mentally significant trace gases (green-
house gases) are changing due to both
natural and human factors, and contribut-
ing to global warming.

Global warming is recognized as one of
the greatest environmental threats facing
the world today. Global warming is the
gradual rise of the Earth’s average surface
temperature caused by an enhancing of the
planet’s natural greenhouse effect. Radi-
ant energy leaving the planet is naturally
retained in the atmosphere thanks to the
presence of certain gases such as water

vapor and carbon dioxide. This heat-trap-

Earth possible.

Global warming, by contrast, is an

intensification of the Earth’s greenhouse

1994

ping effect is, in fact, what makes life on the

Credit: John Bortniak/UNEP/NOAA

effect. The Earth’s average surface tem-
perature, which has been relatively stable
for more than 1 000 years, has risen by
about 0.5 degrees Celsius in the past 100
years (Figure 3.8). The nine warmest
years in the 20th century have all occurred
since 1980; the 1990s were probably the
warmest decade of the second millennium
(IPCC 2001).

Global warming has occurred in the dis-
tant past as the result of natural influences.
However, since the industrial era, the term
is most often used to refer to the current
warming predicted as a result of increases
in the atmospheric concentrations of cer-
tain heat-trapping greenhouse gases gener-
ated by human activities (Figure 3.9).

Most scientists
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Figure 3.8: Satellite data of Arctic regions show
warming is taking place there at an accelerat-
ing rate. These two maps show temperature
anomalies in the Arctic in 1981 and in 2003.
The anomalies range from 7°C (12.6°F) below
normal to 7°C (12.6°F) above normal. Shades

of orange and red show areas of warming;
shades of blue shows areas of cooling; white
represents little or no change (map adapted
from Comiso). The data reveal that some re-
gions are warming faster than 2.5°C (4.5°F) per
decade (NASA 2003b).

Source: hittp://svs.gsfe.nasa.gov/vis/a000000/a002800/
a002830/
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Indicators of the human influence
on the atmosphere during the Industrial era
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Figure 3.9: Human activities directly influence the abundance of greenhouse gases and aerosols in
the atmosphere. Carbon dioxide, nitrous oxide, methane, and sulfur aerosols have all increased
signiﬁcantly in the past 50 years. Source: Intergovernmental Panel on Climate Change, IPCC (2001)
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Figure 3.10: Variations in the Earth’s temperature for the past 140 years (global) and for the past
1 000 years (Northern Hemisphere). Source: IPCC (2001)

believe that much of this global tempera-
ture increase is due to increased use of
fossil fuels, which when burned, release
carbon dioxide into the atmosphere where
it absorbs infrared radiation that normally
would pass through the atmosphere and
travel out into space (Brehm 2003).

The planet is not as warm as it was ap-
proximately 1 000 years ago (Figure 3.10).
Nevertheless, CO, currently accounts for
the greatest proportion of greenhouse gas
emissions. Much of the CO, added to the
atmosphere comes from the burning of
fossil fuels in vehicles, for heating,
and for the production of electricity
(Figure 3.11).

In addition to carbon dioxide, ris-
ing levels of methane in the atmosphere
are also of concern. The relative rate of
increase of methane has greatly exceeded
that of carbon dioxide in the last several
decades. Methane is released into the
atmosphere in many ways: as a result of ag-
riculture and ranching activities; through
the decay of organic matter, including
waste dumps; through deforestation; and
as a by-product of the hydrocarbon econo-
my. None of these sources are anticipated
to decrease in the future. On the contrary,
methane emissions are expected to in-
crease, as each year an additional 100 mil-
lion people require food and fuel as world

population expands (Figure 3.12).

Most scientists believe that recent
global warming is mainly due to human
activities and related increases in concen-
trations of greenhouse gases (Figure 3.13),
primarily CO,, CH,, nitrous oxide (N,O),
hydrofluorocarbons (HFCs), perfluoro-
carbons (PFCs), and sulfur hexafluoride
(SFg). These changes are driven by world-
wide population and economic growth,
and the underlying production and
consumption of fossil fuels, as well as by
the intensification of agricultural activity
and changes in land use and land cover.
Energy production and use, the largest
sole source of CO, emissions and a large
contributor of CH, and N,O emissions, ac-
counted for 81.7 per cent of emissions in
industrialised countries in 1998
(UNFCCC 2000).

From far out in space, instruments

carried aboard satellites, such as NASA’s
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Moderate Resolution Imaging Spectrora-
diometre (MODIS) sensor, are taking the
temperature of the Earth’s surface. Satel-
lite data confirm that the Earth’s average
surface temperature has been slowly rising
for the past few decades (Figure 3.14).
Satellite records are more detailed and
comprehensive than previously available
ground measurements, and are essential
for improving climate analyses and com-

puter modeling.

One of the more predictable effects of
global warming will be a rise in sea levels
(Figure 3.15). It is already under way at
a pace of about a millimetre a year—a
consequence of both melting land ice and
the thermal expansion of the oceans (Har-
rison and Pearce 2001). Predictions as to
how much global sea levels may rise over
the next century range from half a metre
(1.5 feet) (Houghton et al. 2001) to be-
tween 1 and 2 m (3 to 6 feet) (Nicholls et
al. 1999). Such an increase would drown
many coastal areas and atoll islands. Un-
less countries take action to address rising
sea levels, the resulting flooding is ex-
pected to impact some 200 million people
worldwide by the 2080s. In addition,
around 25 per cent of the world’s coastal
wetlands could be lost by this time due to
sea-level rise (DETR 1997).

Global warming may have some posi-

tive impacts. It could, for example, open
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Figure 3.11: Between 1971 and 1998, energy use and carbon dioxide emissions both increased
significantly, contributing to the likelihood of global warming. Source: IPCC (2001)

Figure 3.12: Methane is the second largest contributor to global warming and its atmospheric
concentration has increased significantly over the last two decades. Methane emissions from
human-related activities now represent about 70 per cent of total emissions, as opposed to less
than 10 per cent 200 years ago. Source: IPCC (2001)
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IPCC (2001)
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Figure 3.15: Reasons for sea level change Source: IPCC (2001)

new lands for agriculture and forestry in
the far north. During the past 30 years in
Iceland, old farmlands have been exposed,
and are being used, as the Breidamerkur-
jokull Glacier has receded. All told,
however, the negative impacts of un-
checked global warming outweigh any
positive benefits.

Climate Change

Climate is the statistical description in
terms of the mean and variability of rel-
evant measures of the atmosphere-ocean
system over periods of time ranging from
weeks to thousands or millions of years.

Climate change is defined as a statistically

significant variation in either the mean

state of the climate or in its variability,
persisting for an extended period (typically
decades or longer). Climate change may be
due to natural internal processes or to ex-
ternal forcing (Figure 3.16). Volcanic gases
and dust, changes in ocean circulation,
fluctuations in solar output, and increased

concentrations of greenhouse gases in the

European Heat Wave, July 2003 Credit: NASA—
Satellite Thermometers Show Earth Has a Fever (2004)

Case Study: European Heat Wave
July 2003

This image shows the differences

in daytime land surface temperatures
(temperature anomalies) collected over
Europe between July 2001 and July 2003
by the Moderate Resolution Imaging
Spectroradiometer (MODIS) on NASA’s
Terra satellite. A blanket of deep red across
southern and eastern France (left of im-
age center) reveals that temperatures in
this region were 10°C (18°F) hotter dur-
ing 2003 than in 2001. Temperatures were
similar in white areas and cooler in blue
areas. Although models predict an overall
increase in global average temperatures,
regional differences may be pronounced,
and some areas, such as mid-continental
zones in North America and Asia, may
actualy experience some degree of cooling
(NASA 2003c).
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atmosphere can all cause climate changes

(USCCSP 2003).

Global warming, whatever its underly-
ing causes, is expected to have adverse,
possibly irreversible effects on the Earth’s
climate, including changes in regional tem-
perature and rainfall patterns and more
frequent extreme weather events. Climate
change will affect the ecology of the planet
by impacting biodiversity, causing species
extinctions, altering migratory patterns,
and disturbing ecosystems in countless
ways. Climate change will impact human
societies by affecting agriculture, water
supplies, water quality, settlement patterns,

and health.

Overall, climate change is likely to in-
tensify the already increasing pressures on
various sectors. Although the impact of cli-
mate change may, in some cases, be smaller
than other stresses on the environment,
even relatively small changes can have seri-
ous adverse effects, especially where there
may be critical thresholds, where
development is already marginal, or where
a region is less able to implement adapta-
tion measures (DETR 1997).

For example, climate change is likely

to exacerbate already increasing pressure

Climate Change - an integrated framework
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Figure 3.16: Climate change is the result of complex interactions among many factors. Source: IPCC (2001)

being put on water resources by a growing
global population, particularly in Africa,
Central America, the Indian subcontinent,

and southern Europe. By the 2050s, mod-

els indicate that there may be an additional
100 million people living in countries with
extreme water stress due to climate change
alone (DETR 1997).

Credit: Unknown/UNEP/ Topfoto




Carbon dioxide, the gas largely blamed
for global warming, has reached record-
high levels in the atmosphere (Hanley
2004). Carbon dioxide levels have risen
by 30 per cent in the last 200 years as a
result of industrial emissions, automobiles,
and rapid forest burning, especially in the
tropics. Much of this increase has occurred
since 1960. This increase in CO, is thought
to enhance the Earth’s natural greenhouse
effect and thus increase global tempera-

tures (Figure 3.17).

The Intergovernmental Panel on Cli-
mate Change projects that, if unchecked,
atmospheric carbon dioxide concentra-
tions will range from 650 to 970 ppm by
2100. As a result, the panel estimates, aver-
age global temperature may rise by 1.4°C
(2.5°F) to 5.8°C (10.4°F) between 1990 and
2100 (Hanley 2004).

Interestingly, increased levels of atmo-
spheric CO, may stimulate the growth of
some kinds of plants. Researchers in the
Amazon have noted increased growth rates
in several species of trees (Laurance et al.
2004). The forests are also becoming more
dynamic, with existing trees dying and be-
ing replaced by new trees at a more rapid
pace. In addition, the species composition
of the forest is changing. Rising atmospher-
ic COy concentrations may explain these
changes, although the effects of this and
other large-scale environmental alterations

remain uncertain.

Air Pollution

Air pollution is the presence of contami-
nants or pollutant substances in the air that
interfere with human health or welfare

or produce other harmful environmental
effects (EEA 2004). The term “smog”—first
coined in London, England, to describe

a combination of smoke and fog—is now
used in reference to a specific combination
of airborne particles, gases, and chemicals
that together affect peoples’ health and
their natural environment (Health

Canada 2003).

Aerosols are tiny particles suspended
in the air. Some occur naturally, originat-
ing from volcanoes, dust storms, forest
and grassland fires, living vegetation, and

sea spray. Human activities, such as the

Figure 3.17: For more than 40 years, researchers at Mauna Loa Observatory, Hawaii, have tracked the steady
increase of atmospheric carbon dioxide (concentration expressed in parts per million, or ppm). Source: STO
(2004) and SeaWil'S: NASA Carbon Cycle Initiative, NASA/Goddard Space Ilight Center Scientific Visualization Studio (2004).
Source: NASA (2004b)

burning of fossil fuels and the alteration of

natural land cover, also generate aerosols.

Averaged over the globe, human-gener-

ated aerosols currently account for about
ten per cent of total atmospheric aerosols.
Most of those aerosols are concentrated
in the Northern Hemisphere, especially
downwind of industrial sites, slash-and-
burn agricultural regions, and overgrazed

grasslands (Figure 3.18).

As the composition of Earth’s atmo-
sphere changes, so does its ability to ab-
sorb, reflect and retain solar energy. Green-
house gases, including water vapor, trap
heat in the atmosphere. Airborne aerosols
from human and natural sources absorb or
reflect solar energy based on colour, shape,
size, and substance. The impact of aerosols,

tropospheric ozone, and upper tropospher-

Figure 3.18: Aerosol particles larger than 1 mi-
crometre are composed primarily of windblown dust
and sea salt from sea spray. Aerosols smaller than

1 micrometre are mostly formed by condensation
processes, such as the conversion of SO, gas released
by volcanic eruptions to sulfate particles and by for-
mation of soot and smoke during burning processes.
After aerosols form, they are mixed and transported
throughout the atmosphere by wind and weather; they
are removed from the atmosphere primarily through
cloud formation and precipitation. Source: hitp://earthob-
servatory.nasa.gov/Library/Aerosols/ (NASA 2004c)

ic water vapor on Earth’s climate remains

largely unquantified (NASA 1989).
About 25 per cent of the world’s popu-

lation is exposed to potentially harmful
amounts of SOy, O3, and particulate matter
in smog (Schwela 1995). Globally, some 50
per cent of cases of chronic respiratory ill-
ness are now thought to be associated with
air pollution (UNEP 1999b).

Some pollutants travel long distances
on the wind, causing acid deposition in
the surrounding countryside and even in
neighboring countries. In the 1980s, “acid
rain” was identified as a major internation-

al environmental problem, moving from
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Aerosol Index 4

Fig.3.19: Aerosols affect climate both directly by reflecting and absorbing sunlight and indirectly by modifying clouds. The Total Ozone Mapping Spectrometer
(TOMS) aerosol index is an indicator of smoke and dust absorption. This figure shows aerosols—the hazy green, yellow, and red patches—crossing the Atlantic and
Pacific Oceans. Dust from the Sahara Desert is carried westward toward the Americas and provides nutrients for Amazon forests. Asian dust and pollution travel to

the Pacific Northwest. Source: NASA (hitp://www.gsfc.nasa.gov/topstory/2004/05 1 7aura.html) (NASA 2004a)

heavily industrialized areas of both Europe
and North America into prime agricultural
areas that lay downwind. Mountain regions
suffered the most because their higher
rainfall increased the volume of acid depo-
sition and their often thin soils could not
neutralize the acid. Lakes and streams in
pristine parts of Scandinavia and Scotland
became acidified, and fish populations
were decimated in some areas. The most
intense acid rain fallout occurred in the
so-called Black Triangle region bordered
by Germany, Czech Republic, and Poland
(Harrison and Pearce 2001) (Figure 3.19).

Acid precipitation decreased through-
out the 1980s and 1990s across large por-
tions of North America and Europe. Many
recent studies have attributed observed
reversals in surface-water acidification at
national and regional scales to this de-
cline (Stoddard et al. 1999; Larssen 2004).

Decreases in acid precipitation have been
achieved largely through improved flue gas
treatments, fuel switching, use of low-sulfur
fuels in power stations, and use of catalytic
converters in automobiles. Since 1985,
international treaties and heavy investment
in desulphurization equipment by power
station operators have cut sulfur pollution
in Europe and North America by as much
as 80 per cent (Harrison and Pearce 2001).

Although significant progress has been
made in controlling acid-forming emissions
in some countries, the global threat from
acid precipitation still remains. In fact, the
problem is growing rapidly in Asia, where
1990s-level SO, emissions could triple by
2010 if current trends continue. Curtailing
the already substantial acid precipitation
damage in Asia, and avoiding much more
severe damage in the future, will require

investments in pollution control similiar to

those made in Europe and North America
over the past 20 years (Downing 1997;
WRI 1998).

Nitrogen dioxide is the orange gas that
is the most visible component of most air
pollution. In many cities, NO,y and other
pollutants are suspended in the air to form
a brownish haze commonly called smog.
Nitrogen dioxide is formed when oxygen
in the air combines with nitric oxide.
Nitric oxide comes from automobiles,
aerosols, and industrial emissions, and
contributes to the formation of acid rain.
In addition, this pollutant can cause a wide
range of environmental damage, including
eutrophication of water bodies—explosive
algae growth that can deplete oxygen and

kill aquatic organisms.



Case Study: Emissions in Paris

1999-2003

Paris, France, lies on a relatively flat plain.
Most of the time, Paris benefits from a wet
and windswept oceanic climate that en-
courages the dispersal of air pollution and
thus cleans the air. However, under certain
meteorological conditions (anticyclones
and a lack of wind), pollutants can remain
trapped in the atmosphere above the city,
where they become concentrated, resulting
in significantly higher levels of pollution.
Thus, for equivalent pollutant emissions in
terms of location and intensity, the levels of
pollutants recorded in the atmosphere can
vary by a factor of 20 according to meteoro-

logical conditions.

This explains why peaks in secondary
pollutants often affect wider areas than
peaks in primary pollutants. For example,
when the wind blows from the city in a
certain direction, the rural area surround-
ing the Paris region is also subject to ozone
pollution. Indeed, ozone levels registered
in these areas are often much higher than

those in the centre of Paris itself.

In 1994, according to the Centre
Interprofessionnel Technique d’Etude
de la Pollution Atmosphérique (CITEPA,
Inter-professional Technical Centre for
Research into Air Pollution) SO, emissions
in the Paris region corresponded to eight
per cent of national emissions (mainland
France and overseas territories), oxides
of nitrogen (NOXx) emissions to 10
per cent, Volatile Organic Compound
(non-methane) (VOCNM) emissions to 12
per cent, carbon monoxide (CO) emis-
sions to 15 per cent, and CO, emissions to
14 per cent. Given that 19 per cent of the
population lives in the Paris region, emis-
sions per inhabitant in this area are less
than the national average for all substances
(CITEPA 1994).

Existing air-quality-monitoring tools
in the greater region of Paris provide a
constant indication of air pollution levels
at specific background and roadside loca-
tions. In addition to standard monitoring,
specific modeling applications give ex-
tensive descriptions of air-quality patterns

for several significant pollutants. Despite
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the involvement of the transport sector in
monitoring local atmospheric emissions,
there is no direct and constant traffic

data feed. Recently, a project known as
HEAVEN (Healthier Environment through
the Abatement of Vehicle Emissions and
Noise) was implemented in Paris. Its main

objective was to integrate real-time traffic

information with the air quality monitoring
tools. HEAVEN helped develop and dem-
onstrate new concepts and tools to allow
cities to estimate emissions from traffic in
near-real time. This enhanced the identifi-
cation and evaluation of the best strategies
for transport demand management.

Souce: hitp://heaven.rec.org
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Case Study: Pollution from Wild Fires
2003-2004
Whether started by people or natural

events, fires add large quantities of pollut-

ants to the atmosphere every year, primar-

ily in the form of CO and aerosols. Satellite

sensors can help researchers distinguish
between wildfires and urban or industrial
fires. Some can also distinguish different
types of fire-generated pollutants. For
instance, two sensors aboard NASA’s Terra
satellite—the Measurements of Pollution
in the Troposphere (MOPITT) instru-
ment and the Moderate Resolution Imag-
ing Spectroradiometer (MODIS) instru-
ment—gather data on CO and aerosols,

respectively.

Carbon monoxide is one of the more
easily mapped air pollutants. In the
MOPITT-generated series of maps shown
below, global seasonal variations in CO
concentration are clearly visible (high-
est concentrations of CO appear as red).

Major concentrations of CO during dif-

ferent seasons can be easily identified and
tracked over time on such images, leading
to better understanding of sources of CO
pollution and its transcontinental trans-
port (NASA 2004d). For example, in the
summer image of this series, a very high
concentration of CO appears over west

central Africa, largely due to forest fires.

Wildfires in southern Africa are a ma-
jor source of carbon monoxide pollution.
Every August in southern Africa, thou-
sands of people equipped with lighters or
torches travel out onto the savanna and

intentionally set the dry grasslands ablaze.

Burned grasses send up tender new growth

that is ideal for cattle consumption. The
fires typically scorch an area the size of
Montana, Wyoming, Idaho, and the Dako-
tas combined. Long plumes of smoke rise
like hundreds of billowing smokestacks,
and herds of animals are sent scurrying

across open grassland.

During this fire season, a thick pall of

smoke clouds the sky for many weeks. The

smoke is laced with a number of pollut-
ants, including nitrogen oxides, carbon
monoxide, and hydrocarbons. Some of
these substances react with the intense
heat and sunlight to form ozone. Ground-
level ozone contributes to respiratory
diseases and can seriously damage crops.
At higher levels in the troposphere, ozone
molecules trap thermal radiation emanat-
ing from the Earth’s surface in the same
way as carbon dioxide and other green-
house gases do. In fact, up to 20 per cent
of the global warming experienced by the
Earth over the past 150 years is thought to

be from ozone.

In the spring of 2003, the MODIS and
MOPITT instruments were used to moni-
tor fires and fire-produced air pollutants
in Siberia, especially in the Baikal region.
These fires produced large amounts of fine
carbon aerosols that spread out over the
Pacific Ocean and remained suspended
in the atmosphere for a few days. Carbon

monoxide was also produced by the fires,
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but unlike the aerosols, remained airborne
for a much longer period of time, allowing
it to cross the Pacific Ocean and reduce air
quality over North America before continu-

ing on around the globe.

Gas and particle emissions produced
as a result of fires in forests and other
vegetation impact the composition of the
atmosphere (WHO 2000). These gases and
particles interact with those generated by
fossil-fuel combustion or other technologi-
cal processes, and are major causes of ur-
ban air pollution. They also create ambient
pollution in rural areas. When biomass fuel
is burned, the process of combustion is not
complete and pollutants released include
particulate matter, carbon monoxide, ox-
ides of nitrogen, sulfur dioxide and organic
compounds. Once emitted, the pollut-
ants may undergo physical and chemical
changes. Thus, vegetation fires are major
contributors of toxic gaseous and particle
air pollutants into the atmosphere. These
fires are also sources of “greenhouse” and
reactive gases. Particulate pollution affects
more people globally on a continuing
basis than any other type of air pollu-
tion. In 1997/98, forest fires in Southeast
Asia affected at least 70 million people in
Brunei Darussalam, Indonesia, Malaysia,
the Philippines, Singapore, and Thailand.
Thousands of people fled the fires and
smoke and the increase in the number of
emergency visits to hospitals demonstrated
the severity of the fires and pollution they
caused (WHO 2000).
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Pollution outflow from spring 2003 fires in Siberia can be seen in the top and middle image.
These fires produced large amounts of fine carbon aerosol detected by MODIS instrument
(bright colours) on the Terra satellite, which spread over the Pacific Ocean but lasted only a few
days. They also produced carbon monoxide, which was detected by the MOPITT instrument on
the Terra satellite (bottom image). This gas can last over a month, which allowed it to cross the

Pacific Ocean and reduce air quality over North America before continuing on around the globe.
Credit: David Edwards, The National Center for Atmospheric Research (NCAR) (NASA 2004e)

Case Study: African Fires

2002

Wildfires—from forest fires and brush fires
to grass fires and slash-and-burn agricul-
ture—can be sweeping and destructive
conflagrations, especially in wilderness or
rural areas. As biomass burns, particulates,
black carbon, and gases including CO,,
CO, NOx, CH,, and CH4Cl are produced
in great quantities. All of these pollutants
can be lofted relatively high in the atmo-
sphere due to the convective heating of a

raging fire (Graedel and Crutzen 1993).

The image at right shows fire activity in
Africa from 1 January 2002 to 31 Decem-
ber 2002. The fires are shown as tiny dots
with each dot depicting the geographic re-
gion in which fire was detected. The color
of a dot represents the number of days

since a sizable amount of fire was detected

in that region, with red-orange represent-
ing less than 20 days, orange representing
20 to 40 days, yellow representing 40 to 60
days, and gray to black representing more
than 60 days. These data were gathered

by the MODIS instrument on the Terra
satellite. MODIS detects fires by measuring
the brightness temperature of a region in
several frequency bands and looking for
hot spots where this temperature is greater

than the surrounding region.

Global statistics on the amount of land

53 B0 100 i3

burned worldwide every year vary consid- Dws Since |:|r.;

erably. It has been estimated that from

7.5 million to 8.2 million km?2 (4.6 million African Fires during 2002 Credit: http://svs.gsfe.nasa.
o ) gov/vis/a000000/a002800/a002890/index. html (NASA 2004f)
to 5.1 million square miles) are burned

and between 1 800 million and 10 000

oy . . burned, with an increase in very large and
million metric tonnes of dry biomass are

int fires.
consumed in fires annually. Global change HCHSE HTEs

scenarios predict an increase in total area
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Case Study: Pollution in China sions were mainly
2001 and 2004 responsible for the

During February 2004, a considerable out- high levels of car-

flow of pollution stemmed from China and bon monoxide over

Southeast Asia. The image at right shows China in this image,

atmospheric concentrations of carbon whereas emissions in

monoxide at an altitude of roughly 3 km Southeast Asia were

(1.9 miles) over this region that were moy- ~ du€ primarily to agri-

ing across the Pacific Ocean and at some cultural fires.

points reaching the western coast of the Natural pro- Carbon Monoxide (parts per bilkon)
United States. cesses and events can
Bdle i also be a source of . A
Carbon monoxide is a good indicator This image was developed from a composite of car-

transcontinental air pollution. In 2001, a bon monoxide data collected over China and South-
east Asia from 1-25 February 2004, by the Measure-
ments of Pollution in the Troposphere (MOPITT)
below). Prevailing winds swept particulates  instrument aboard NASA’s Terra satellite. The colors
represent the mixing ratios of carbon monoxide in
the air, given in parts per billion by volume. The
coast of North America. grey areas show where no data were collected due to

persistent cloud cover. Source: hitp://earthobservatory.nasa.
gou/Natural (NASA 2004g)

of air pollution since it is produced during

combustion processes, such as the burning large dust storm developed over China (see

of fossil fuels in urban and industrial areas,
as well as by wildfires and biomass burn- from this storm all the way to the eastern

ing in more rural areas. Industrial emis-

et m——

7 April 2001 - Blue represents just slightly higher-than-normal aerosols and red repre-
sents the highest concentration of aerosols.

= il — — —- =
10 April 2001 - The aerosol impact from the dust storm can clearly be seen over 13 April 2001 - The aerosol impact from the dust storm can clearly be seen over
China, Mongolia, Russia, Korea, Japan, and the Pacific Ocean. Japan, the Pacific Ocean, Alaska, and the United States.

_ il - — - i - il - — K =

14 April 2001 - The aerosol impact from the dust storm can clearly be seen in the 17 April 2001 - High levels of aerosols are visible over the East Coast of the United
Pacific Ocean, and the United States. States, especially Maine.

A large dust storm developed over China on 6-7 April 2001. This series of images shows air-borne dust from the storm moving over China, Russia, Japan,

the Pacific Ocean, Canada, and ultimately over the United States on 17 April 2001 (NASA 2004g). Visualization Credit: NASA/Goddard Space Flight Center Scientific
Visualization Studio Sowrce: hitp://svs.gsfc.nasa.gov/vis/a000000/a002900/a002957/index. himl



Credit: Chia/UNEP/Morgue File






Credit: Darren H.Holto/UNEP/ Topfoto
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3.2 Coastal Areas

ceans cover roughly 70 per cent of the Earth’s surface and
O make up some 90 per cent of space habitable by living

things. They contain a vast, and largely unexplored, di-
versity of life, from the smallest of microorganisms to blue whales,
the largest mammals on the Earth. Oceans are essential for the
ecological functions and resources they provide, including food,
medicines, and energy for millions of people worldwide (UNEP-
WCMC 2003).

The world’s oceans have a great effect on global climate.
Water has a high capacity for retaining heat. Because so much of
the Earth’s surface is covered by oceans, the temperature of the
atmosphere is kept fairly constant and within the range neces-
sary to support life. Currently, the oceans also moderate climate
change by absorbing a third of the carbon dioxide (COg) emitted
into the air by human activity (Harrison and Pearce 2001). Howev-
er, global warming may reduce the ocean’s capacity to act as a CO,
sink by 10 to 20 per cent over the next century
(Houghton et al. 2001).

Different parts of the global
ocean affect climate in
different ways. The
Indian Ocean/West
Pacific Warm Pool,
for example, is an
€Nnormous ex-
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the equa-
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of India,
through the
waters off
Sumatra, Java,
Borneo, and
New Guinea,
and into the cen-

tral Pacific Ocean.

The waters of the
Warm Pool are warmer
than any other area of open
ocean on the Earth. Because
these waters are warm to enough to drive mois-

ture high into the atmosphere, the Warm Pool has a large effect on
the climate of the lands that surround it. The slow fluctuations in
size and intensity of the Warm Pool may be linked with the inten-
sity of the El Nino phenomenon.
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In addition to the ocean’s climate-buffering capacity, its salty ‘ al |, N
waters contain billions of tiny algae and other planktonic organ-  #ESN
isms. These life forms carry out a large part of the oxygen-gener-
ating photosynthetic processes that occur on the planet (Biomes
Group 1996). For people, oceans represent one of the greatest
sources of food on the Earth as well. Global fish production
exceeds that of cattle, sheep, poultry, or eggs. It represents the
largest source of wild or domestic protein in the world (UNEP-
WCMC 2003). Marine fish catch rose from 51 million metric
tonnes in 1975 to nearly 70 million metric tonnes in 1999
(UNEP 2002).



Coastal zones, which include bays, tidal lands, estuaries, marine wet-
lands, mangroves, and coral reefs, form an interface between the land and
the ocean. The total length of all the world’s coastlines is estimated to be
roughly 1.6 million km (1 million miles) (Burke et al. 2000).

Many coastal marine ecosystems are among the most productive
in the world, rich in living and nonliving resources. Mangroves, for
example, extend over 18 million hectares (44 million acres) world-

wide, covering a quarter of the world’s tropical coastlines (Choud-

hury 1997). Mangroves protect coastlines by absorbing the force

of storms. They provide large quantities of food and fuel, build-
ing materials, and even medicines. Mangroves are also charac-
terized by nutrient-rich waters that support large numbers of
marine organisms and, in many cases, form nursery grounds
for fish and other marine species. Because of their tremendous
productivity, mangroves and other coastal ecosystems provide
food and livelihood for millions of people.

A ; In many warm-ocean regions of the world, coral reefs are
' also associated with coastal zones. Coral reefs occupy less than
one tenth of one per cent of the oceans (UN 2002), yet they are
among the most biologically diverse ecosystems on the Earth,
home to more than a million spe-
cies. The total area of the most
biologically productive near-
surface reefs has been
estimated at around
255 300 km?
(98 572 square
. l itda - miles) (Bryant et
| P ' el al. 1998). About
~ ¢ "ePhnom Penh ' i A a quarter of the
world’s fish
feed, repro-
duce, and live
on or near
coral reefs
(Harrison
and Pearce
2001). Coral
reefs are a
major global
biological
and economic
resource for
both fisheries and
tourism, because
they protect vulner-
able coastlines from
wave action and storms
(Bryant et al. 1998).

Land adjacent to the ocean is

a tremendously valuable resource. Coastal zones are economically,

politically, and socially critical to many nations. They are hubs of
commerce and home to many major corporations and transporta-
tion networks.

Coastal landscapes offer fertile soils, flat land for urban devel-
opment, and sheltered, deep-water bays for harbors and ports.
Coasts are used by millions of people annually for recreation and
they support a growing tourist trade. Although coastal zones ac-
count for only 20 per cent of the world’s land area, a majority of
the world’s human population inhabit them. Half of the world’s
population—some 3 000 million people—lives within 200 km
(124 miles) of a coast. By 2025 that figure may double, rising to

six billion people (Cohen et al. 1997).

The oceans are a seemingly limitless and enduring resource.
But they, and the coastal zones that encircle them, are currently at
risk along many fronts. In 1995, FAO reported that 52 per cent of the



oceans’ wild fish stocks were being ex-
ploited at the maximum sustainable limit,
16 per cent were already overexploited,
and seven per cent were depleted. Only

23 percent will be able to sustain further
expansion. (FAO 2005). In 24 countries for
which sufficient data were available, trawl-
ing grounds encompass 8.8 million km?

(3.4 million square miles), of which about
5.2 million km? (2 million square miles)
are located on continental shelves. This
represents about 57 per cent of the total
continental shelf area of these countries
(Burke et al. 2000).

However, not all of the decline in
ocean fisheries may be attributed to fish-

Credit: Chansareek/UNEP/ Topfoto

ing. Global warming may also be partly to
blame (Beaugrand et al. 2003). The deple-
tion of natural fish stocks has prompted
expansion of aquaculture—the farming of
fish—in many areas, a reaction to ocean
degradation that does provide employment
and food, but also carries with it the poten-
tial for pollution and other concerns.

o

Case Study: Dumping of Radioactive
Waste at Sea

The Report of the United Nations Con-
ference on Human Environment held in
Stockholm in 1972 defined the principles
for environmental protection, specifically
for the assessment and control of marine
pollution. These were forwarded to an
Inter-Governmental Conference held in
London later that year, where the Conven-
tion on the Prevention of Marine Pollution
by Dumping of Wastes and Other Matter
(also known as the London Convention of
1972) was adopted and which entered into
force on 30 August 1975.

The contracting parties to the London
Convention agreed to promote the effec-
tive control of all sources of pollution of
the marine environment and to take all
practicable steps to prevent the pollution
of the ocean by dumping of waste and oth-
er matter that is liable to create hazards to
human health and to harm living resources
and marine life. The International Atomic
Energy Agency (IAEA) was designated as
the international body that should oversee
matters related to the disposal of radioac-
tive wastes in the ocean.
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The first reported ocean disposal opera-
tion of radioactive waste was carried out by
the USA in 1946 in the North-East Pacific
Ocean and the latest was carried out by the
Russian Federation in 1993 in the Japan
Sea/East Sea. During the 48 year history of
sea disposal, 14 countries have used
more than 80 sites to dispose of approxi-
mately 85 PBq (1 PBq = 1015 Bq) of
radioactive waste.

The figure shows the geographical dis-
tribution of disposal operations.

Source: Modified from hitp://www.oceansatlas.org/servlet/CDSSe
rulet 2status=NDOxNDExMyY3PWVu[jYxPSomNjU9a2%z. Figure
has been modified from hitp://www.oceansatlas.com/unatlas/
about/physicalandchemicalproperties/radiosp/index. htm.
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Global Map of Dead Zones

Ocean pollution is a growing and
serious problem. Most of the wastes and
contaminants produced by human ac-
tivities eventually end up in the oceans.
Chemical contamination and litter exist
from the poles to the tropics and from
beaches to ocean depths. Some pollutants
are directly drained or dumped into the
oceans, either intentionally, or accidentally
as in the case of oil spills. Currently, the
oceans must absorb an estimated 3 million
tonnes of oil spilled annually from ships
and, predominantly, from sources on land
(Harrison and Pearce 2001). Other ocean
pollutants first enter the atmosphere and
later settle on ocean waters. Rivers that
flow into oceans carry runoff from city
streets, sewage, industrial wastes, pesticides
and fertilizers from cropland, and silt from
land-clearing and construction projects.

Because of their proximity to land, coastal
waters tend to have far higher concentra-
tions of pollutants than the open ocean
(UNEP-WCMC 2003).

Polluted waters can upset the ecological
balance among species in marine systems.
For example, the number of poisonous
algal species identified by scientists has
nearly tripled since 1984, increasing fish
kills, beach closures, and economic losses.
Large parts of the Gulf of Mexico are now
considered biological dead zones due
to algal blooms (UN 2002). Dead zones
are coastal areas in which bottom waters
(those near the ocean floor) contain very
little dissolved oxygen. This condition
is called hypoxia, meaning “low oxygen”
(ESA 2003). Very few organisms are
able to survive in ocean dead zones (Fig-
ure 3.20). The dead zone in the Gulf of

Case Study: Mississippi Dead Zone
2004

Recent reports indicate that the large region

of oxygen-depleted water—a dead zone—
spreads across nearly 15 080 km? (5 800
square miles) of the Gulf of Mexico in what

L& [

Indian
QOcean

Figure 3.20: The map above shows 58 reported ocean
dead zones in 1995. The oldest and most well-studied
marine dead zones are found in the Gulf of Mexico,
the Black Sea, and the Baltic Sea. In 1995, the most
severe case of hypoxia was in the Baltic Sea, in which
about one-third, or 98 800 km? (38 000 square miles),
of the body of water was reported lifeless. Source:
Modified from: hitp://daac.gsfe.nasa.gov/ CAMPAIGN_DOCS/
OCDST/dead_zones. html

Mexico is the largest hypoxic zone in the
Western Hemisphere and is also one of
the largest in the world (Downing 1999;
Greenhalgh 2003). In many places, the
hypoxic waters of dead zones are gradually
spreading out to cover larger and larger
areas of ocean floor (Kempler 2000).

Marine bio-invasions have also become
major global environmental and eco-
nomic problems. At any one time, several
thousand species are estimated to be in

Pacific

Ocean

appears to be an annual event. NASA satellites
monitor the health of the oceans and spot the
conditions that lead to a dead zone. The pho-
to (right) shows sediment-choked water from
the Neuse River flowing out into the Gulf of
Mexico near the coast (NASA 2004h).

Source: Mississippi Dead Zone, 2004
hitp://wwwl.nasa.gov/vision/earth/environment/dead_zone. html



P
Phytoplankton bloom off Denmark, 2004 (shown in light blue col-

or). Source: hitp://rapidfire.sci.gsfc.nasa.gov/gallery/ 22004153-0601/Denmark.
A2004153.1145. 1km.jpg

e -

The ocean is filled with life. One of the most important varieties found there are
photosynthetic phytoplankton, tiny organisms that form the base of the oceanic food

web. Source: hitp://wwwl.nasa.gov/vision/earth/environment/dead_zone. html

Coccolithophore bloom off Brittany, France, 2004. Source: hitp://rapidfire.sci.
gsfe.nasa.gov/gallery/?22004167-0615/France. A2004167.1335.148. 1km.jpg

Case Study: Red Tides

Throughout the oceans, there are
places where strong currents bring
nutrient-rich deep waters to the
surface. These upwelling nutrients
nourish tiny, free-floating micro-
scopic algae and other photosyn-
thesizing planktonic organisms

Most species of phytoplankton are
not harmful. Rather, they form the
base of the marine food web. Oc-
casionally, however, phytoplankton
grow and reproduce very quick-
ly—they “bloom”—and accumulate
into dense, visible patches near the
water’s surface. Some phytoplank-
ton blooms are called “red tides,”
especially when the species involved
contain red pigments and so cause
the water to turn pink or red when a

collectively known as phytoplankton.

bloom is in progress. Phytoplankton
blooms, however, have nothing to do
with tides.

When phytoplankton die, they
sink to the ocean floor where their
remains are broken down by differ-
ent kinds of bacteria. Some of these
bacteria emit hydrogen sulfide gas as
a by-product of decay reactions. The
gas collects on the ocean floor until
it bubbles up toward the surface and
combines with oxygen to yield water
and sulfur. The sulfur precipitates as
a white solid.

Hydrogen sulfide gas by itself is
toxic to fish. But its ability to bind
with oxygen also depletes that es-
sential gas from the water column. If
enough oxygen is removed, deadly
low-oxygen (hypoxic) conditions are
created in the ocean.
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the ballast tanks of the world’s shipping
fleet, enroute to other parts of the world.
The Atlantic box jelly, believed to have
been released in a ship’s ballast water, has
wrought ecological havoc in the Black Sea.
Scientists estimate that in San Francisco
Bay, a new foreign species takes hold every
14 weeks (UN 2002).

The problems are not confined to
ocean waters. Many coastal ecosystems
have been destroyed, and many more
degraded, often as a result of human activi-
ties. Mangroves, wetlands, seagrass beds,
and coral reefs are all disappearing at an
alarming rate. Anywhere from 5 to 80
per cent of original mangrove area in vari-
ous countries has been lost, particularly
in the last 50 years (Burke et al. 2000). A
major contributor to this loss is the con-
version of mangroves to rice paddies and
shrimp farms. With coastal regions set to
double their human populations over the
next 25 years, coastal ecosystems are com-

ing under increasing threat (Harrison and
Pearce 2001).

Coral reefs are particularly vulnerable
to environmental change and damage
from human activities. Nearly two thirds
of all the world’s coral reefs are deteriorat-
ing (Pomerance 1999). They are dismem-
bered by souvenir-seeking divers, mined
for building materials, and damaged by the
anchors of cruise ships. Silt from dredging,
deforestation, and urban sewage smothers
and kills coral, or fosters the growth of suf-
focating and sometimes toxic algae (Har-
rison and Pearce 2001). Coral reefs are
also subject to remote threats. Dust carried
aloft by storms in Africa (Figure 3.21), and
then spread across the Atlantic on prevail-
ing winds, may have introduced bacterial
infections to Caribbean reefs (USGS 2003).

Global warming is also a threat to coral
reefs. Higher concentrations of carbon
dioxide in the air make surface waters
more acidic and reduce coral growth rates

Credit: Shoukyu/UNEP/ Topfoto



(Kleypas et al. 1999). The rise of ocean
temperatures by half a degree or more in
recent decades has already placed many
reefs at the top end of the temperature
ranges they can tolerate without under-
going “bleaching” (Harrison and Pearce
2001). As corals reach the limits of their
heat tolerance, they expel symbiotic algae
from their bodies and become “bleached.”
Epidemic coral bleaching in the 1990s,
which peaked with the El Nino-induced
warming of 1998, is believed to have killed
more coral in the last few years of the 20th
century than from all human causes to date
(Pearce 1999). Continued warming could
cause sea levels to rise at a rate that coral
reefs cannot match.

Coastal lands have been greatly impact-
ed by human activities. Fifty-one per cent
of the world’s coastlines are under “moder-
ate” or “high” threat from development
activities (Bryant et al. 1995). Nineteen per
cent of all lands within 100 km (62 miles)
of the coast (excluding Antarctica and
water bodies) are classified as “altered,”
having been turned into agricultural or
urban areas; 10 per cent are “semi-altered,”
involving a mosaic of natural and altered
vegetation; and 71 per cent fall within
the “least modified” category. A large per
centage of the coastal lands in this least

modified category, however, includes many
found in uninhabited areas in northern
latitudes (Burke et al. 2000).

The destruction of coastal ecosystems
and the deterioration in the quality of
ocean waters, together with overexploita-
tion of resources, are seriously impacting
the survival of the ecosystems and the
people that depend on them (SIDA n.d.).

9 Jun 2004

Figure 3.21: While Saharan dust provides coral
reefs with essential nutrients like iron and copper,
Saharan dust also introduces bacterial infections

to coral reefs. The image to the left is a Saharan
dust storm spreading out over the Mediterranean in
2004. The image to the right is of large dust plumes
off Namibia in 2004. Sowrce: hitp://rapidfi fc.nasa.
gouv/gallery/22004125-0504/Liby 3
hitp://rapidfire. :

mibia.A2004161.0930.1km.jpg

Credit: Denjiro Sato/ UNEP/ Topfoto
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Botanical Conservancy

Christian Lambrechts

The coastal region of Kenya is famous for its
natural beauty, rich culture, diverse communi-
ties, and as a recreational resource. This has
ensured economic benefits for Kenya from
mainly non-consumptive utilization of its natu-
ral resources through tourism. Yet this develop-
ment has not taken place without considerable
environmental cost. Excessive construction
along the coastline, uncontrolled access to
marine environments, factory fishing opera-
tions, and poor planning have led to a decline
in the quantity and quality of both land and
marine resources. This has been reflected in
loss of biodiversity, dwindling fish
stocks, and declining employment
and tourism figures, although the
latter are also attributable to recent {
security concerns.

The Kipini Wildlife and Botani- . | \
cal Conservancy is located along A -

Credit: Christian Lambrechis/UNEP/UNEP-GRID Nairobi

the coast of eastern Kenya. It lies _/_;'_‘1}' 5

within the Lamu and Tana River :.._f'_j;."_ .!l \J'-i--'"*}'-. L9 | : B : - ] -
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biodiversity, although few conserva- o\ g i

tion projects have ever been imple- NAR =r !

mented and current protection is J. ht 8 7 i

inadequate with wildlife reserves raw w N W ;

only on paper. With increasing B o i

population pressures on the natural resources
there is a need for prompt action.

The Kipini Conservancy initially focuses on
what was once known as Nairobi Ranch, an area
approximately 16 000 hectares (40 000 acres)
in size that is situated between the historical
towns of Kipini, Witu and Lamu. The Swaleh
Nguru (Sherman) family secured the land
under a freehold arrangement and has main-
tained it even at a loss under livestock opera-
tions. Development of the ranch is necessary, as
Kenya can ill afford idle land. But development
is being undertaken with considerable care to
ensure adequate environmental conservation.
By creating an easement on this freehold land,
the Swaleh Nguru family has put it in trust for
future generations of Kenyans as well as visitors
to the country. The conservancy will need to be
vigorously managed and will involve a transi-
tion from a cattle-based ranching system to a
more natural landscape populated by native
species. Income generation will be based on
heritage value and donor support in the short
term, with increasing reliance on eco-tourism.

Credits: Christian Lambrechis/UNEP/UNEP-GRID Nairobi

In the future, the Kipini Conservancy is ex-
pected to be expanded to include the range of
critically endangered species. In a recent study
funded by the Finnish Embassy, Ader’s duiker,
an extremely rare mammal once thought to
be virtually extinct in Kenya, was found in the
area near the Conservancy. Expansion of the
Conservancy will also help to preserve highly
diverse habitat corridors between the coast and
the interior and will involve surrounding com-
munities in conservation efforts.

The coastal marine ecosystem adjacent to
the Conservancy is part of the Global 200 ecore-
gion. It supports a great diversity of animal
and plant life and is known as a turtle nesting
area. Several species of whales and dolphins are
found in the waters offshore, as well as the glob-
ally threatened dugong (Dugong dugon). The
part of the Conservancy that borders the Tana
River delta is a stop-over and wintering grounds
for many migratory bird populations. The area
also provides habitat for threatened shorebirds
and seabirds (UNEP/GRID—-Nairobi).



Credit: Unknown/UNEP/Topfoto
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Rio Negro
Biological Reserve
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Honduras is second only to Ecuador in the production
and export of cultured shrimp from Latin America. Vast

&__ OAS TAL AR EAS areas of the delta have been converted into farms for
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nstca, y the cultivation of shrimp.
’ GU LF OF FQNSECA, HONDU RAS The rapid growth of shrimp aquaculture in Hon-

duras has caused both environmental and social
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Gulf of
Fonseca
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problems. Shrimp farmers are depriving fishers, farmers and others of access
to mangroves, estuaries and seasonal lagoons; destroying mangrove ecosys-
tems, altering the hydrology of the region, destroying the habitats of other
flora and fauna and precipitating declines in biodiversity; contributing to
degraded water quality; and exacerbating the decline in Gulf fisheries
through the indiscriminate capture of other species caught with the shrimp

Rio Negro
Biological Reserve

Shrimp aquaculture in Hon-
duras began in the early 1970s
and continued in the 1980s

in the hands of both national
and international enterprises.

Credit: Unknown/UNEP/ Topfoto

post larvae that are used to stock ponds.

These two images provide a visual comparison of the increase in coverage
by shrimp farms in the Gulf of Fonseca over time. It is evident from the im-
ages that between 1987 and 1999, a period of about 12 years, the total area
under shrimp farming has increased tremendously.
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Guayaquil is Ecuador’s largest city and primary sea

{Gulf olGpayaqul
i port. It is located on the Guayas River, which empties
l : OAS TAL REAS into the huge Gulf of Guayaquil along the country’s
__ ; southern coastline. Throughout the Gulf, mangroves

GULF OF (}UAYAQUIL1 ECUADQR have been steadily converted to shrimp aquaculture

ponds for producing farmed shrimp. In a 15-year pe-
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riod, coastal area developed for shrimp aquaculture grew by approximately
30 per cent, from 90 000 hectares (222 395 acres) in 1984 to 118 000 hectares
(291 584 acres) in 2000 (CLIRSEN 2000). Roughly 70 per cent of Ecuador’s
shrimp farming activities are located in the Gulf of Guayaquil.

In this pair of satellite images, the loss of mangroves and growth of the
aquaculture industry can be seen along the coast and in the altered dendritic

23 Nov 2000

patterns (branching like a tree) of coastal waterways, especially those on the
large island of Puna. Mangroves provide fish breeding grounds and wildlife
habitat, act as natural barriers against storm surge, and filter groundwater.
Converting mangroves to aquaculture ponds has wide-reaching environmen-
tal implications.
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The Huang He (Yellow River) is the muddiest river on
Earth and is China’s second longest river, running 5 475
km (3 395 miles) from eastern Tibet to the Bohai Sea.
The Huang He's yellow color is caused by its tremen-
dous load of sediment, composed primarily of mica,
quartz, and feldspar particles. The sediment enters the



{)

water as the river carves its way through the highly erodable loess plateau in
north-central China. (Loessial soil is called huang tu, or “yellow earth,’
in Chinese.)

Centuries of sediment deposition and dike building along the river’s
course has caused it to flow above the surrounding farmland in some places,
making flooding a critically dangerous problem. Where the Huang He flows

Wan

Laizhou

into the ocean, sediments are continuously deposited in the river delta,
where they gradually build up over time. Between 1979 and 2000—as these
satellite images show—the delta of the Huang He expanded dramatically.
Several hundred square kilometres of newly formed land were added to
China’s coast during this period.
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The Zuiderzee is a large body of water along Holland’s
northeastern coast. Between 1927 and 1932, a 30 km

C OAS TAL AREAS (19 miles) dam, known as the Afsluitdijk, was built
across the Zuiderzee, separating it into the outer

IISS ELMEER, N ETHERLANDS Waddenzee, which is open to the North Sea, and the

inner lJsselmeer (Lake lJssel) where areas of reclaimed
104



o Oy

- i Figa 25 o ."-_I

. ] | . . = . ok
} " z

[Isselmeer

T T4 R

w3

Bikhuizen: B

', Bronten
i

Markermeer

20

g Petind e ¥ Ll
tloanetres - ; ) 4 : -

‘. P, ™ A ' Uk "k ' .

. - '\-\ . y l.ﬁn_‘..: i i

land—called polders—are used for agriculture and as villages. Dikes built polder visible in the 1973 image. At that time, draining of the land had been

since that time created additional polders that were drained using pumps completed and soil cultivation began. By 2004, this area of reclaimed land

and, at one time, wind mills. was covered with farms. The area of lighter blue water visible in the left of
These images, from 1964, 1973, and 2004, show the transformation of pol-  the 1973 and 2004 images is the Markermeer—a polder that was created

ders into useable farming land. The 1973 image shows a partially completed but not drained. It forms a freshwater reservoir that acts as a buffer
dike that, when completed allowed for the creation of the southernmost against floodwaters.
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Land reclamation began in Japan’s Isahaya Bay in
1989 to separate approximately 3 000 hectares (7 413

¢ ‘ i . C A
ey .
2% y acres) of tidal flats from the Ariake Sea and turn what
h, ; OASTAL REAS was Japan’s largest area of tidal lands into farmland.
"= " As these three satellites images show, the project has
= - j ISAHAYA BAY’ ]APAN steadily progressed. In the 2001 image, the straight line

106 of a 7-km (4 mile) sea wall is visible separating areas



of light- and dark-colored water. Behind the sea wall, tidal flats can be seen
drying as water is slowly drained away. In the 2003 image, that area has been
fully reclaimed from the sea.

The Isahaya Bay Reclamation project has been fraught with controversy.
Environmental groups have criticized the project for its destruction of wet-
land habitat. The Isahaya Bay area is known for its production of nori

Isahaya

Bay

(seaweed), and local farmers have complained that the reclamation project
has negatively impacted the quality and abundance of the nori growing in

the bay. The Isahaya project prompted the formation of the Japan Wetlands
Action Network, a group of grassroots and national conservation organiza-

tions who are protesting the project and recommending that the sea wall

gates be opened to restore ecological balance. 107
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Snow geese migrate each spring to the shores of Hud-
son Bay, Canada, to breed and to raise their chicks. Over
the past few decades, the numbers of geese descend-
ing upon the Bay’s Knife River delta area have increased
substantially. Their impact on coastal vegetation can
clearly be seen in this pair of satellite images.
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In the image on the right, notice how the vegetation (green) has receded  a crust of salt due to evaporation. The salty layer prevents the regrowth of
from the shoreline north of the delta. Snow geese have overgrazed this area plants, and ultimately leads to erosion. Some researchers have suggested
and turned the shoreline into an enormous mudflat. Having denuded the lifting restrictions on the hunting of snow geese in an attempt to reduce their
shoreline of vegetation, the geese have also moved inland in search of food numbers and control the overgrazing problem. Others believe such measures
on the tundra, where overgrazed soil quickly becomes barren and develops are “too little, too late”
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pronounced p-NOM PEN) is the capital

city of Cambodia. It is just west of the four-way river
intersection, which is called the Chattomukh (“Four

(

Faces”). From the northwest and northeast, respective-

ly, flow the Tonle Sap and Mekong Rivers. These waters
merge and split into the Basak River and the Mekong,

Phnom Penh

CAMBODIA
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which flow southeast to the South China Sea. The Mekong River is the 12th
longest in the world, flowing from western China to the Mekong Delta in
southern Vietnam. Every autumn, monsoon rains are too great for the Me-
kong to carry, and it floods a large area of Cambodia. This flood even reverses
the flow of the Tonle Sap River, northward to the Tonle Sap (“Great Lake")
which can expand to ten times its normal size.

This pair of images show the extent of flooding associated with the two
rivers. The 2000 image was taken during a period of flooding while the 2001
image was taken after the flood waters had receded. Visible also in the im-
ages, especially in the south-central area of the 2001 image, are extensive
ditches and canals that are used in irrigation.
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. ';,v';:] C OAS TAL AREAS the West Bengal of India. Guarded by the Bay of Bengal,

Sunderban is an excellent example of the coexistence

SUNDARBAN : INDIA/BANGLADESH of human and terrestrial plant and animal life. Despite

Sundarban, the largest mangrove forest of the world, is
situated in the southwestern part of Bangladesh and in




Eilonneles

high population pressure and environmental hazards such as siltation, cy-
clone flooding and sea level rise, the aerial extent of the mangrove forest has
not changed significantly in the last 25 years. In fact, with improved manage-
ment, the tiger population has increased from a mere 350 in 1993 to 500-700
in 2000 and ecotourism is progressing well. However, while sufficient data is
not available, several reports suggest that forest degradation has been occur-

20 Oct 2004

ring in many parts of Sundarban. The Sundarban’s mangrove forests are also
becoming more vulnerable due to the significant rise of shrimp farming in
the region. The increase of shrimp farming has negatively affected agriculture
and also contributed to the loss of mangrove forests during the past

two decades.
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As the city of Bangkok, Thailand, has grown, the need

C OAS TAL AREAS o provide fOOd and an 'additional economic base for

its burgeoning population has been a primary concern.

TH ON B URI, THAI LAND Parts of the Thai coastline, including those near Bang-

kok, offer conditions favorable to aquaculture,
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especially shrimp aquaculture. Over time, as these satellite images from 1978
and 2002 reveal, the mangroves that once lined the coast near Bangkok, as
well as the rice paddies that lay further inland, have been replaced by aqua-
culture ponds (blue patches inland) and urban structures (light purple). The
promotion and development of aquaculture has led to the current situation,
where farmed shrimp and fish production now exceeds that of shrimp and

fish capture by traditional methods. The development of this coastal industry
has raised environmental concerns, as extensive areas of mangroves have
been destroyed to make way for aquaculture ponds. The challenge of bal-
ancing the needs of people living in coastal areas versus the welfare of the
coastal areas themselves is ongoing, and repeated along many coastlines

worldwide.
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3.3 Water

ater is fundamental to almost all living things on the Earth.
W Human health—and survival—depends on a clean and

reliable supply of fresh drinking water, as well as water
for crop irrigation and sanitation (UNESCO 2000). Fresh water is
water that has a very low salt content—usually less than one
per cent. Only about 2.5 per cent of all water on the planet is
fresh. Of that amount, only about 0.5 per cent is surface water
(found in lakes, rivers, wetlands) or accessible groundwater.
Rainfall is also a source of fresh water. But rainfall is unpredict-
able and amounts vary dramatically from place to place and
season to season around the world (UNFPA 2001).

During the past century, world population has tripled.
Over roughly the same period of time (1900 to 1995) water
use worldwide has increased six-fold. Experts predict that by
2025, global water needs will increase even more, with 40 per
cent more water needed for cities and 20 per cent more water
for growing crops (Paden 2000). Yet while needs increase, the
amount of available fresh water is dwin-
dling worldwide.

Water withdrawals from
rivers and underground
reserves have grown
by 2.5 to 3 per cent
annually since
1940, signifi-
cantly ahead
of population
growth. So
much water
is with-
drawn from
several of
the world’s
major
rivers,
including
the Colo-
rado River
in the United
States, the Nile
River in Egypt,
and the Yellow
River in China, that
there is little to no wa-
ter left by the time these
rivers meet the sea (Postel et
al. 1996). Demands on groundwater
are equally great; water tables are falling on every continent.

A

eEverglades”
s

Over the next two decades, it is estimated that the average
supply of water per person will drop by one-third. Annually, lack
of clean drinking water can be linked to roughly 250 million cas-
es of water-related disease and between 5 and 10 million deaths
worldwide. Thus, water shortages indirectly condemn millions
of people to an avoidable premature death each year.

Water shortages are also impacting global grain markets, as
arid countries that rely on irrigation for crop production switch
from growing grain to importing it (Harrison and Pearce 2001).
Irrigation accounts for 70 per cent of direct water consumption
worldwide. It has been estimated that practices such as drip irri-
gation and inexpensive moisture monitors could cut agricultural
water use by as much as 40 per cent (Wall 2001).



The exploitation of the world’s water resources has occurred at no small
cost to the environment. Worldwide, all major rivers have water works
that change flow regimes to some extent and therefore impact riparian
ecosystems. Many endemic riparian species are disappearing (Ramsar
Convention Bureau 1998), and twenty per cent of all freshwater fish
are currently endangered. Few aquatic ecosystems have been as
severely impacted as wetlands, however. During the 20th cen-
tury, half of the Earth’s wetland ecosystems—such as marshes,
fens, swamps, and estuaries—disappeared (UNESCO 2003).
Approximately 40 000 hectares (98 842 acres) of wetlands are
destroyed each year as the result of human activities (Center
for Environmental Resource Management n.d.). Drainage for
agricultural production is the principal cause of wetland loss.

At the same time that global water supplies are declining,
so is the quality of the water that remains. Water pollution is
the presence of harmful and objectionable material—such

as sewage, industrial wastes and chemicals, and run-off from
land development or agriculture—in sufficient concentrations
as to make water unfit for use (EEA 2004). Water pollution is a
serious threat to the world’s water supply.
It is also a growing threat to the
oceans that cover more than
70 per cent of the planet.
People have long viewed
these immense bodies
of water as limitless
dumping grounds
for wastes. Over
time, however,
raw sewage,
garbage, indus-
trial wastes,
and oil spills
have begun
to overwhelm
the diluting
capabilities
of the oceans.
Most coastal
waters are now
polluted, often
severely (Revenga
and Mock 2000,
Revenga et
al. 2000).

The 21st Century
brings with it a global water
crisis. Unless corrective and
conservation measures are taken, it
is estimated that by 2030 global demands
for fresh water will exceed the supply (NSW EPA 2003, UNESCO
2000). Serious water and food security problems already exist
in some developing countries and regions, and these demand
urgent attention (FAO 2003).

Growing population in urban areas is exerting great pres-
sure on water resources. Even if the world maintained the
pace of the 1990s in water-supply development, this would
not be enough to ensure that everyone had access to safe
drinking water by the year 2025. The impacts of climate
change—including changes in temperature, precipitation
and sea levels—are expected to have varying consequences
for the availability of freshwater around the world. Current

indications are that if climate change occurs gradually, the im-
pacts by 2025 may be minor, with some countries experiencing
e positive impacts while most experience negative ones. Climate
.-;egg,f.}li(;- Highlands 7, change impacts are projected to become increasingly strong dur-

ing the decades following 2025.
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Credit: Mario Hernan Valencia/UNEP/ Topfoto
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The Caspian Sea, seen in this 2004 image, is the largest

' inland body of water in the world, often categorized
AT E R as a large salt lake. It is salty because rivers (especially
the Volga) flow into it, but none flow out. Water leaves

KBG, TURKMENISTAN
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through evaporation, and the dissolved salts remain. Changes in water few metres deep. The Caspian’s changing water level has been a concern
levels are common in the sea, resulting both from changing climaticfac-  since the 1970s. The KBG's water flows in from the Caspian Sea, and its
tors and water diversion by humans. The 2004 image highlights the area  fluctuations have affected the KBG dramatically.

of change—the Kara-Bogaz-Gol (KBG). KBG is a large, shallow lagoon of In the 1980s, a dam blocked the KBG's inflow, resulting in the forma-

III

the Caspian Sea, normally about 18 200 km2 (7 000 square miles) and a tion of a “salt bowl” that caused widespread problems of blowing salt,
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TURKMENISTAN

Kara-Bogaz-Gol

In 1980, in response to the rapidly dropping sea
level, a dam was constructed to prevent water from
flowing into the shallow and restricted Kara-Bogaz-
Gol basin, resulting in the drying up of the bay.
The dam was partially opened a few years later,
and completely opened in 1992 when Caspian wa-
ter levels started to rise quickly. Credit: NASA Johnson
Space Center
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A -p.'f
reportedly poisoning soil, and causing health problems for people The dam was partially opened in 1985, and completely opened in
living hundreds of kilometers downwind to the east. While the dam 1992 when Caspian Sea water levels started to rise quickly. Today, sea

was in place, not only did the KBG’s water level rapidly drop by 2 m (7  levels are more than 2.6 m (9 ft) higher than the 1978 levels and water
ft) or more, but the lagoon’s shallow bottom also rose 0.5 m (2 ft), due  flows freely into the salty waters of the Kara-Bogaz-Gol.
to the accumulation of salts.
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' The name“ Aral Sea” comes from the word “aral” mean-
ing island. The sea’s name reflects the fact that it is a
ATE R vast basin that lies as an island among waterless des-
erts. The Aral Sea was once the world’s fourth-largest
. LT @A inland sea. It blems began in the 1960s and 1970s
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with the diversion of the main rivers that feed it to provide for cotton cultiva-
tion in arid Soviet Central Asia. The surface of the Aral Sea once measured
66 100 kmZ2 (25 521 square miles). By 1987, about 60 per cent of the Aral
Sea’s volume had been lost, its depth had declined by 14 m (45 feet), and its
salt concentration had doubled, killing the commercial fishing trade. Wind
storms became toxic, carrying fine grains of clay and salts deposited on ex-

UZBEKISTAN

_Karak%lpakstén

posed sea floor. Life expectancies in the districts near the sea are significantly
lower than in surrounding areas.

The sea is now a quarter of the size it was 50 years ago and has broken
into two parts, the North Aral Sea and the South Aral Sea. Re-engineering
along the Syr Darya River delta in the north will retain water in the North Aral

Sea, thereby drying the South Aral Sea completely, perhaps within 15 years. 195



| The power-generating station at the Atatiirk Dam already pro-
vides 8.9 billion kilowatt hours of electricity—roughly 22 per

cent of the electricity the country is expected to need by 2010.
ol Credit: Unknown/UNEP/USDA-FAS

Built in 1990, the Atatlirk Dam on the Euphrates River

in southeastern Turkey is the centrepiece of the South-
ATE R eastern Anatolia Project. The Atatiirk Dam is the largest
in a series of 22 dams and 19 hydroelectric stations

ATATURK DAM TURKEY built on the Euphrates and Tigris Rivers in order to pro-

vide irrigation water and electricity to this arid region
126
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of the country. When the project’s entire system of reservoirs, power genera-
tion stations, and irrigation channels is operational (projected to occur in
2010), the irrigation of approximately 1.7 million hectares (4.2 million acres)
of land will be possible..

In these two Landsat images, acquired in 1976 and 1999, respectively, the
transformation of the region around the dam is strikingly apparent. The dam’s

reservoir reached capacity in 1992 and has supplied sufficient water for irriga-
tion to turn a once-arid landscape into a green one. This is especially obvious
in the lower right-hand corner of the 1999 image, where irrigated fields com-
pletely surround the town of Harran. The development of the Harran region
could not have occurred without the Atattirk Dam project, especially since

the town is many kilometres from the river.
127



The Challawa Gorge Dam, completed in 1993 on the
Challawa River, is the second-largest of the 23 dams
along rivers in Nigeria's Hadejia-Jama'are River Basin.
Though the dam has improved the water supply for
irrigation, heavy rains cause the river to break its banks




Soil turned with hand tool in northern Nigeria.

1

-

o
8§
=)
© =
o=
- £
=
D 2
0O w
© U
Y o
s @
@ ©
< o
=i
“— =
c £
c
o ©
©w c
ms
2 &
E o
g =
e
3 o
>
D v
oc
WT.
o £
D ©
T o
E <
M
2%
= =
Lo
© S
»w O
©w 3
€ 7
=2
o
V)

upstream from the dam; farmers are driven out as the rising water floods their

Areas downstream from the dam, on the other

hand, do not receive enough water to maintain the wetlands that border the

farms and adjoining lands.
river. Under these conditions,
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the soil dries out and overgrazing occurs

-sediment content.

the water in the flooded area is also indicative of high

in turn leads to wind erosion of the topsoil.
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For decades, heavy demands have been placed on the
land-locked Dead Sea to meet the needs of growing
AT E R populations in the countries that border it. Both Israel
and Jordan draw water from rivers that flow into the
D EAD S EA, ]Q RDAN Dead Sea, reducing the amount of water that would
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naturally replenish it. The amount of area devoted to evaporation ponds for
producing salt has greatly expanded over the past three decades. The cre-
ation of salt works tends to accelerate evaporation, further contributing to
the reduction in water level. Currently, it is estimated that the water level of
the Dead Sea is dropping at a rate of about one metre (3 feet) per year.
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These two images, from 1973 and 2002, reveal dramatic changes in the
Dead Sea over a period of about 30 years. Declining water levels, coupled
with impoundments and land reclamation projects, have greatly increased
the amount of exposed arid land along the coastline. The near-complete clos-
ing off of the southern part of the Sea by dry land (2002 image) reveals the
severity of water level decline.
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These two Landsat images of southern Florida in the
United States reveal some of the changes that have oc-
curred in this region over the past 30 years. One of

the most obvious is the growth of the Fort Lauderdale-
Miami urban area. Urban expansion has led to the con-
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version of what were once farmlands to cityscapes. The city of Miami has also  famous. As urban areas encroach upon the Everglades, water resources and
expanded greatly to the southwest. The advance of urban areas westward wildlife habitat are placed at serious risk. Protecting the Everglades to main-
across the peninsula threatens the continued existence of the vast wetlands tain its essential water filtering capacity and remarkable biodiversity is part

area known as the Everglades. The Everglades ecosystem naturally filters of the mission of the Federal “Smart Growth” Task Force, which is working to
groundwater and helps to recharge the Biscayne Aquifer. It is also home to better manage urban sprawl and its negative consequences.

a remarkable collection of plants and animals for which southern Florida is
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GAB CIKOVA, S LOVAKIA

The Gabcikova-Nagymoros hydraulic project on the
Danube River was started in order to generate electric
power, create an inland waterway, help manage water
supplies, and aid in the region’s economic develop-
ment. The river was to be dammed and its water divert-
ed into a canal. Four decades after it was initiated the



A dam on the Danube River
Credit: Peter Bardo-Déak/UNEP/WWF-DCP

Cunovo Dam began operation in Slovakia in October 1992. The dam diverted
80 to 90 per cent of Danube River water down a diversion canal to support a
hydroelectric power station.

This pair of images from 1973 and 2000 reveal the striking changes the
massive re-channeling of river water has brought to the region. The dam
altered the hydraulic regime of the Danube River valley from a natural water-

way to a controlled patchwork of channels and islands. The diversion of water
by the dam brought an end to the natural, beneficial flooding that added
moisture and nutrients to the soil. It also reduced the ability of wetlands and
marshes to filter surface water and trap sediments. Consequently, water qual-
ity and soil nutrients levels in the region have declined. Generation of elec-
tricity has come with significant environmental cost.
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The Lesotho Highlands Water Project (LHWP) is one of
the largest infrastructure projects ever undertaken on
the African continent. The project is designed to divert

water from Lesotho’s Maloti Mountains to South Africa’s

LESQTHQ HIGHLANDS WATER PRQ]ECT urban and industrial Gauteng Province. While South

. Africa is set to benefit from an increased supply of



much-needed water, Lesotho would gain through the generation of hydro-
electric power and profits from the sale of water. An 82-km (51-mile) water
transfer-and-delivery system is already in place for delivering water to South
Africa. On completion of the full project, a total of four dams will be placed in
key locations. However, many questions remain unanswered about the social
and environmental impacts the completed dams will have. The first dam in

the multi-dam scheme, called Katse, located on the Orange River, closed its
gates in 1995, creating an enormous reservoir along with serious social and
environmental concerns.

These two images provide a comparison of the area before and after
completion of the Katse dam. The effects and extent of the Katse Dam can
clearly be seen in the 2001 image.
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Located in Kazakhstan, Central Asia, Lake Balkhash is

replenished from the Ili River catchment area, most of
AT E R which is located in northwestern China. The lake is a

very important resource for the surrounding popula-

LAKE BALKHASH : KAZAKH STAN tion. Water from the lake and its tributary rivers is used
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for irrigation and both municipal and industrial purposes, including supply-
ing the water needs of the Balkhash Copper Melting Plant. Lake fish are also
an important food source. However, artificially low water prices have encour-
aged excessive use and waste of lake water. The United Nations has warned
that Lake Balkhash, which is the second largest lake in Central Asia after the
Aral Sea, could dry up if current trends are not reversed.

s 2 Aug 2001
2 'i'*i

These two satellite images reveal an alarming drop in the lake’s water
levels in just over twenty years. Smaller, neighboring lakes, to the southeast

of Balkhash, have become detached from the main water body; they have
dramatically decreased in size and appear to be drying up.
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LAKE CHAD : AF RICA
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Lake Chad, located at the junction of Nigeria, Niger,
Chad, and Cameroon was once the sixth-largest lake in
the world. Persistent droughts have shrunk it to about
a tenth of its former size. The lake has a large drainage
basin—1.5 million km2 (0.6 million square miles)—but
almost no water flows in from the dry north. Ninety
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per cent of lake’s water flows in from the Chari River. The lakebed is flat and Human diversion from the lake and from the Chari River may be significant at
shallow; even before the drought, the lake was no more than 5-8 m (16-26 times of low flow, but rainfall is still the determining factor in lake level.

ft) deep. Considered a deep wetland, Lake Chad was once the second largest This image set displays a continued decline in lake surface area from
wetland in Africa, highly productive, and supporting a diversity of wildlife. 22 902 km? (8 843 square miles) in 1963 to a meager 304 km2 (117 square

The lake is very responsive to changes in rainfall. When rains fail, the lake miles) in 2001.

drops rapidly because annual inflow is 20-85 per cent of the lake’s volume.
141
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Mexico's Lake Chapala, lying in the heart of an ex-
tremely arid region, is the country’s largest natural lake.
The lake is one of the most important wetlands in the
region and home to more than 70 endemic species.
Since the 1950s, Lake Chapala has undergone many
changes as a result of water abstraction for agricultural




: : as o LT

. |"Guadalajara

FaT WS )| By
Stoa e e i
i | E o 3

use both inside and outside the region and for a rapidly growing population.  various townships around the lake, and the appearance of remarkably large

The level of the lake has declined, and there have been noticeable decreases areas of reclaimed land at the lake's eastern end. Like all arid areas, the land

in surrounding wetland areas as well as changes in the hydrological system around Lake Chapala is prone to salinization. If the lake continues to shrink,

connecting various springs. researchers predict both a decrease in water availability and an increase in
Some of these changes are visible in this pair of satellite images, including  the salt content of the region’s soil.

alterations in the contours of the shoreline, obvious extensions of land near 143
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] Iran’s Lake Hamoun is fed primarily by water catch-
5 i ments in neighboring Afghanistan. In 1976, when rivers
: . ATE R in Afghanistan were flowing regularly, the amount of

water in the lake was relatively high. Between 1999 and

Lake Hamoun, Iran
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2001, however, the lake all but dried up and disappeared, as can be seen in
the 2001 satellite image above.

The “dry phase” of Lake Hamoun is a striking example of how competition
for scarce water resources can transform a landscape. When droughts oc-
cur in Afghanistan, or the water in watersheds that support Lake Hamoun is
drawn down by other natural or human-induced reasons, the end result is a
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dry lakebed in Iran. In addition, when the lake is dry, seasonal winds blow fine
sands off the exposed lakebed. The sand is swirled into huge dunes that may
cover a hundred or more fishing villages along the former lakeshore. Wildlife
around the lake is negatively impacted and fisheries are brought to a halt.
Changes in water policies and substantial rains in the region saw a return of

much of the water in Lake Hamoun by 2003. 145
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'11 Lake Nakuru is located in the Eastern Rift Valley in
e N southwest Kenya. Lake Nakuru National Park is the
y AT E R second most visited protected area in Kenya. It hosts
j the world’s largest concentration of flamingos, as well
as many of the animal species that make Kenya a highly
LAKE NAKURU’ KENYA valued tourism destination, including lions, leopards,
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rhinoceros, and water buffalo. In its total area of 188 km?2 (73 square miles), the land cover degradation in the lake’s catchment between 1973 and 2000.
there are over 450 bird species and 56 mammal species. Recognized as a In 2001, the Government of Kenya announced its intention to excise 353
wetland of international importance, Lake Nakuru was declared a Ramsar Site km?2 (136 square miles) of forest in the Eastern Mau Forest Reserve (area with
in 1990. white boundary in the 2000 image). As a result, most of the forest cover in the

The threat of land cover degradation in the catchments of the lake is likely — upper catchment of the main rivers that feed Lake Nakuru will disappear.

to increase flow fluctuation and decrease water quality. These images show
147
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Shared by Kenya, Tanzania, and Uganda, Lake Victoria

is the second largest freshwater lake in the world. The
AT E ] infestation of Lake Victoria by water hyacinth in the
1990s disrupted transportation and fishing, clogged

water intake pipes for municipal water, and created
habitat for disease-causing mosquitoes and other

LAKE Vicroria, Ucanpa
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insects. This led to the initiation of the Lake Victoria Environmental Manage-
ment Project in 1994. The focus of the Project was to combat hyacinth infesta-
tions on the lake, particularly the region bordered by Uganda, which was one
of the most severely affected areas.

The 1995 image shows several water-hyacinth-choked bays: Murchison
Bay near Gaba; large parts of Gobero and Wazimenya Bays; an area outside
Buka Bay; and near Kibanga Port (yellow arrows).

: et -
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~North Buganda

E VICTORIA

27 Nov 2001

sttt Dl
Initially, water hyacinth was controlled by hand, with the plants being
manually removed from the lake. But re-growth quickly occurred. A more
recent control measure has been the careful introduction of natural insect
predators of water hyacinth. As the 2001 image shows, this approach seems
to have been successful, as the floating weeds have disappeared from all the
locations noted above.
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MESOPOTAMIA MARSHLANDS, IRAQ

Located at the confluence of the Tigris and Euphrates
rivers, the Mesopotamian marshlands are one of the
world’s great wetlands covering an estimated original
area of 15 000 - 20 000 km2 (5 792 - 7 722 square miles)
The marshlands are an important center of biodiversity,
play a vital role in the intercontinental migration of
birds, and have long supported unique human com-
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munities. Upstream damming as well as drainage activities in the marshlands
themselves have significantly reduced the quantity of water entering the
marshes. Together these factors have led to the collapse of the ecosystem.
Restoration of the marshlands, mainly through reflooding by breaching of
dykes and drainage canals has begun. As a result of these activities, vegeta-
tion and wildlife have returned to some parts of the marshes.

This set of images provides a synoptic illustration of the changes. While
the 1973 image (inset left) shows the extent of the original marshlands, the
2000 image (inset right) reveals the area after being drained, with most of the
wetlands having disappeared. On the other hand, the 2004 image illustrates
recovery in progress with major portions in the central and western sections

having been restored to some extent.
151
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o Tiree Gorces Dam, Crina

River in China is one of the largest single construction
TE R projects ever attempted on the planet. The dam was

constructed to supply approximately one-ninth of
China’s electricity—as much power as could be gener-
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ated by at least fifteen nuclear power plants. It is a relatively environmentally
clean option compared to coal burning or nuclear power plants. It is also
hoped that the dam will help control flooding on a river where seasonal
floods during the past century has caused death of over one million people.
However, the Three Gorges Dam project has also had negative environmental
and social impacts as a result of the massive construction efforts and the sub-

i _J‘f’h . A BF

k -
4(1&".
.|
.

mergence of land along the river above the dam. The former village of Zigui
(top center of image) has already been submerged.

The 1987 image shows the nature of the river and surrounding landscape
before work on the dam was begun. In the May 2004 image, the enormous
Three Gorges Dam is clearly visible, as is the reservoir of impounded river
water that has been created behind it.
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3.4 Forests

uch of the Earth’s above ground biomass and biodi-

versity is held within its forests. Forests are sources of

food, fuel, construction materials, fibers, and biologi-
cal diversity. Forests are also important in water and air filtration,
carbon sequestration, soil stabilization, and tourism (Williams
1994, 1990). It has been estimated that roughly three-fourths of
a hectare of forestland is now needed to supply each person on
the planet with shelter and fuel (Lund and Iremonger 1998).

Around the globe, there are a number of different types of
forests. They are classified according to a scheme that is largely
determined by climate and landform and that distinguishes ever-
green and deciduous forests as well as broadleaf and needle-leaf
forests.

Deciduous broadleaf forests, for example, tend to be found
in temperate zone regions that have distinct seasons and moder-
ate precipitation. Lowland deciduous broadleaf
forests—a source of great biodiver-
sity—also tend to grow on soils
considered to be highly
suitable for agriculture.
Consequently, many of
the lowland forests in
the Northern Hemi-
sphere have been
cut down and
the land they
once occupied
converted to
cropland. Low-
land forests
are currently
facing the
same fate in
South America
and Africa.

Evergreen
broadleaf for-
ests— often called
“rain forests”"—
tend to occur in
tropical climates with
high levels of precipita-
tion. Deciduous needle-leaf
forests occupy regions with
climates characterized by severe
temperature variations such as eastern Siberia,
aregion with extremely cold winters and the Sahel, a region with
extremely hot, dry summers. Evergreen needle-leaf forests occur
throughout polar, temperate, and subtropical regions. Mixed
forests occupy transition zones. Swamp forests and mangroves
exist in areas where soils are saturated, or even inundated with
fresh water or ocean water, respectively.

Like any type of ecosystem, forests undergo changes, both
natural and human-induced. Attempts to determine how forests
have changed over time, however, are often complicated by the
fact that there is no single definition as to what constitutes a
“forest.” Land parcels may be classified according to their cur-

Several different terms are often associated with forests and the changes they may
undergo. Deforestation is the removal of tree cover and the conversion of the resulting de-
forested land to some other use. Reforestation refers to re-establishing tree cover on previ-
ously forested land. Afforestation is the creation of forest cover where it did not previously
exist or where it existed only in the distant past. Forest degradation refers to changing a
forest to such a degree that the species that inhabit that forest can no longer compete for
survival; degradation typically leads to long term changes in species composition.



rent land cover, potential land cover, current use, administration, or a
combination of these criteria (Lund 2002). The United Nations Food
and Agriculture Organization (FAO), which is responsible for global
forest resource assessments, classifies “forests” using a definition that
combines both land cover and use (FAO 2001). This can lead to
some lands that are without trees due to fires or clear-cutting activi-
ties being classified as “forest,” while other lands that are covered
with trees, such as orchards and coffee plantations, are classified
as agricultural land or croplands rather than forests.

Despite such caveats, it is clear that there have been significant
changes over time in the character and spatial distribution of for-
ests worldwide. It is estimated that about 8 000 years ago, forests
occupied some 6 200 million hectares (15 320 million acres), or
approximately 50 per cent, of the Earth’s land surface (Bryant et
al. 1987). Today, less than 4 000 million hectares
(9 884 million acres), or 28 per cent, of that total remains (FAO
2001). This reduction in forest cover continues. From 1990 to
2000, the global net rate of deforestation was approximately
94 000 km? (36 294 square miles) per
year. (This figure represents a
gross loss of some 123 000
km? (47 491 square miles)
of forest per year offset
by a net gain, through
reforestation or
afforestation, of

roughly
29 000 to
30 000 km?
(11 197 to
11 583 square
miles) of for-
est per year.)

Forests
- Broadleaved evergreen
- Broadleaved deciduous
- Needle-leaved evergreen
- Needle-leaved deciduous

- Mixed forest Fires are
a natural
- Swamp forest (fresh water) event in

most ecosys-
tems, includ-
ing forests.
Fires are often
used to clear
land on forest
margins; occa-
sionally, fires are
employed to bring
about a change in land
use. Sometimes fires are
simply the outcome of increas-
ing numbers of people coming into
contact with forests. Most forestland disap-
pearance is attributable to conversion to pasture, cropland, or
urbanization. Forest ecosystems are also degraded by fuel-wood
collection and the grazing of cattle and other livestock.

- Mangrove (salt water)

Source: Global land cover 2000 (GLC 2000)

Gains in forest area come from afforestation projects, refor-
estation, fire suppression, and the abandonment of croplands.
A major concern of conservationists is the conversion of native
forests to tree plantations. The conversion to monocultural tree
plantations is particularly harmful to the biodiversity of the origi-
nal, natural forest ecosystem.

Approximately 12 per cent of the world’s forests are protected.
But this protection is unevenly distributed around the globe. It is
estimated that one hectare of natural, once-inaccessible forest in
Asia, South America, Africa and the former Soviet Union is lost
for every 20 hectares (49 acres) of forest set aside and protected in
North America and Europe (Sohngen et al. 1998). Just how well
these forests are protected over ecologically significant time scales
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World Distribution
of Forest Types

- Broadleaved evergreen
- Broadleaved deciduous

- Needle-leaved evergreen

l:l Needle-leaved deciduous

l:l Mixed forest

- Swamp forest (fresh water)

- Mangrove (salt water)

Source: GLC 2000

Broadleaved
evergreen

Broadleaved
deciduous

is also a continuing issue. The historical
trend is for people to continue to convert
more and more of any forested landscape
for other uses. Often, these converted
lands end up as low-grade pasture, with the
result that forest ecosystems are destroyed
for what amounts to only transient eco-
nomic or social benefit. Unfortunately, this

trend is likely to continue until either the
human population stabilizes or demands
for forest goods and services become sus-
tainable—or both.

Whatever the future holds, many of the
images in this section show the profound
effect that humans have had, and continue
to have, on the Earth’s forests.

Forest Fire

Wildfires can have both positive and nega-
tive effects on the environment. In some
ecosystems, fires play an ecologically signifi-
cant role in maintaining biogeochemical
cycles. The biological diversity of plant and
animal life in the world’s forests, prairies,
and wetlands partly depends on the effects
of fire. Some plants, for example, can-

not reproduce without fire; intense heat

is needed to open cones or rupture seed
coats so that seed dispersal and germina-
tion can take place. Fires naturally shape
many types of ecosystems including the bo-
real forests of Canada, Alaska, and Russia
and the chaparral in southern California.

In addition to “natural” fires, people
have used fire for thousands of years to
clear land. Whether caused by nature or by
people, wildfires are a significant force for
environmental change, one that can radi-
cally alter a landscape in a very short time
(see box below).

The Earth’s burgeoning human popula-
tion, coupled with intensified economic
development, has led to the serious deg-
radation of many of the world’s forests.
Degraded forests are often highly
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Case Study: Rodeo-Chediski Fires
2002

On the afternoon of 18 June 2002, a fire broke out near the Rodeo Fair-
grounds on the Fort Apache Reservation in Arizona. By mid-morning on

20 June, the so-called Rodeo fire had expanded to 12 000 hectares (30 000
acres). Meanwhile, a second blaze began burning near Chediski Peak about
24 km (15 miles) from the Rodeo fire, where a lost hiker had started a signal
fire. Two days later, on 24 June, the two fires merged to encompass more
than 94 000 hectares (235 000 acres). Over the subsequent two weeks, the fire
burned an additional 80 000 hectares (200 000 acres), making it the largest,
most severe wildfire in Arizona. Before the blaze was brought under control,
over 30 000 people were evacuated and 400 homes were

destroyed. Sowrce: The Wilderness Society 2002

Chediski Fire

—

ﬂ-

20 June 2002

Credits: Unknown/UNEP/USDA Forestry Service
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The 20 June 2002 satellite image-
pictured left shows the Rodeo and
Chediski fires burning seperately. The
24 June 2002 image above shows the
burned areas of the the Rodeo-Chediski
fire. Areas where fires were burning
when the images were captured appear
bright red; already burned areas have

a darker red coloration. Source: USGS
2002, NASA 2002




susceptible to fire. Logging and large-scale
land clearing, for example, disturb the
microclimate of forest ecosystems, increas-
ing their fuel load and thus the potential
intensity of resulting forest fires. Changes
in the Earth’s climate, characterized by
extended droughts, higher global surface
temperatures, and more violent thun-
derstorms, hurricanes and other types of
severe weather, can further intensify the
risk of forest fires (Remote Sensing Ser-
vices GmbH 1998). Concomitantly, fires
themselves may play an important role in
climate change by emitting both green-
house gases and smoke particles (aerosols)
into the atmosphere.

In 2000, more than 350 million hectares
(865 million acres) of forest were burned
worldwide—an area equal to the size of

India (Northoff 2003). However, when fire
sweeps through a forest, many of the trees
may survive. In some cases, the fire may
burn only the low-growing vegetation.

Amazon Forests and Fire

Before widespread human settlement
began to encroach on the borders of South
America’s Amazon forests, there was no
such thing as an Amazon fire season. Now,
fire may pose the biggest threat to the sur-
vival of the Amazon forest ecosystem.

Slash-and-burn agriculture converts
forest to farmland, but that obvious de-
struction is only the beginning. Intention-
ally set fires often expand out of control
and burn through the understory in areas
of surrounding forest, killing, but not

Credit: UNEP/NASA

completely burning small trees, vines and
shrubs. The dead and dying trees col-
lapse, spilling firewood and kindling to the
ground and creating openings in the forest
canopy. Logging has a similar effect. The
intense tropical sun, previously deflected
by the green canopy, heats the forest floor,
pushing fire danger even higher. In this
damaged, fragmented landscape, the onset
of the natural dry season brings with it an
ominous threat of fire. That threat grows
even greater when El Nino-driven droughts
occur several times per decade.

2004

Case Study: Para, Brazil

Once extremely rare even during dry seasons, fire is now a common
occurrence in the Amazon rain forest as people use it as a land man-
agement tool. Although land management fires may not be immedi-
ately hazardous, it is not uncommon for them to escape control and
become considerably more destructive. Forest fires can also impact
weather, climate, human health, and natural resources.

These two satellite images show an area of the rain forest in the
state of Pard, Brazil, at the point where the Tapajos River (angling up
= from the bottom of each image) joins the Amazon River (running

- across each image). In this region, forested land is being cleared for
. logging, ranching, and farming. Cleared areas are visible along the

river banks, extending into the forest. Deforest-
ed areas appear light green, while undisturbed
forest is dark green.

18 Nov 2004

The image dated 18
November 2004 reveals the
locations of a number of
fires (red dots) burning in
different parts of the forest.
Roughly three weeks later,
fires are still burning and the
entire scene has a hazy ap-
pearance, the result of smoke
suspended in the air over the
forest. Fires burned off and
on in this region for more

than a month.
Source: NOAA 2004

i i A .'1.!;‘ =y "
Credits: Unknown/UNEP/NASA
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Case Study: Demilitarized Zone

The Korean Demilitarized Zone (DMZ), which
separates the Republic of Korea(ROK) to the
south and the Democratic People’s Republic
of Korea (DPRK) to the north, represents

an opportunity to preserve an environment
relatively untouched by humans since the UN
established the political buffer in 1953.

The DMZ contains five rivers, and many
ecosystem types: forests, mountains, wetlands,
prairies, bogs, and estuaries. In 2001, the ROK
government completed a six year study of
the ecosystem in the DMZ, the 250-km-long
(155-mile-long), 4-km-wide (2.5-mile-wide)
no-man’s land that separates the Korean Pen-
insula. It houses some of the world’s rarest spe-
cies of flora and fauna. South Korean officials
began pushing ahead with a project to register
part of the DMZ with UNESCO as a Trans-
boundary Biosphere Reserve (TBR). The idea
of a nearly 100 000 hectares (247 105 acres)
preserve in such a location is quite intriguing
and unique.

Satellite images reveal significant burn scars in the DMZ.
Reports state the burning is the result of military surveil-
lance operations performed by both ROK and DPRK.
Military officials reported 19 major fires within the DMZ in
2000, burning nearly 400 km? (154 square miles) of land.
Agreements in February 2001 to stop the burning for pres-
ervation of the flora and fauna dissolved with increased
tensions in 2002. What effect this burning might have on
the ecosystem is yet unknown.

1 6 Apr 2003
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A detailed look on 13 April 2000 (upper left), reveals burn  in 2000 have blended once again with the surrounding
scars as black areas in the Korean DMZ. It appears that landscape, but new burns actively clear vegetation to the
the area has been burned on both sides of the border, north and east.

probably for military surveillance purposes. Areas burned



Credit: Carrie E Gran/UNEP/ Topfoto
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Credit: Beth Allen/UNEP/ Journey North
The fir forest is continually under threat of degradation due to in-
dustrial logging, charcoal production, domestic use, and agricultural

expansion. To this end, two presidential decrees (1980 and 1986) have
been issued in an attempt at preserving this important habitat.
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Ancancuro, Mexico

The oyamel fir forest of Angangueo, central
Mexico, is an important habitat for winter-
ing monarch butterflies. Because this forest
occurs within the tropics at high elevation,
it provides a relatively stable microclimatic
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envelope that protects the butterflies from freezing on cold nights dur-  that parts of the forests have been degraded severely. The two close-

ing the five month overwintering season. Adiabatic rainfall together up images serve to illustrate the most affected areas. In these images,
with fog condensation on the fir and pine boughs provides the mois- the unaffected forest is green in colour while the degraded area is tan.
ture that prevents the butterflies from desiccating as the dry season It is estimated that between 1984 and 1999, 38 per cent of the forests

advances. A comparison of the 1986 image to the 2001 image reveals  protected by two presidential decrees were degraded.
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b At [sle The Arkhangelsk region is situated in northwest-
o ern Russia, where its 3 000-km (1 158-mile) coast-
> O R EA] O R E S T line is washed by the icy waters of three Arctic

i seas; the White, the Barents and the Kara. The
area’s proximity to the ocean contributed to its
early settlement and subsequent development.

ArkHANGELSK, Russia
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Credit: Fred Wohlert/UNEP/Topham
Mining activities and petroleum refineries are maj
air pollution in northern boreal forests, including those of
Arkhangelsk region.
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The Arkhangelsk region was once cloaked with dense boreal forests.
In comparing these three satellite images, however, the widespread forest
cover disturbance is obvious. In some places, large sections of the forest
have been clear-felled and the trees completely removed. Other places
show a block pattern, where sections of relatively undisturbed forest are left
between clear-felled sections to enhance reseeding and reforestation. In a

number of areas, networks of minor access roads delineate the forest cover.
The region is also home to the Plesetsk Space Center and has been impacted
by fire and pollution from falling rocket stages. Overall, forest cover in the
Arkhangelsk has been heavily disturbed—even within areas designated as
nature sanctuaries.
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Temperate forests tend to be found in mid-
E M P RAT O RE S T latitude areas and are characterized by well-
E E defined seasons with warm summers and cold

winters, with precipitation that is sufficient for

B RITISH COLUMB IA, CANADA tree growth. The same regions of the world in

which temperate forests occur are also home
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to large numbers of people. As a result, temperate forests constitute one
of the most altered biomes on the planet. Only scattered remnants of the
Earth’s original temperate forests remain today, some of which still contain
stands of trees that are in high demand for their valuable wood. The interior

of British Columbia is a perfect example. Logging is a major industry in British
Columbia, carried out almost exclusively in virgin forest, which is very rich in
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endemic biodiversity. This pair of satellite images of the Fraser River Valley
in British Columbia shows the impact of logging and other human activities
during a period of about 25 years, from 1973-1999. The heavy exploitation of

logged-over areas.

the forest is evidenced by the “patchwork quilt” appearance that is typical of
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The border between Guatemala and
O RE S - Mexico runs through Mexico’s Chiapas
Forest and Guatemala’s El Peten. In this

pair of images, the border is easy to see,

TRQPIC

COUNTRY BORDER, GUATEMALA/ Mexico
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even without the black lines that have been overlaid on the imagesto  and the protected status of the Sierra de Lacondon and Laguna del

show the outlines of the two countries. Tigre National Parks. Across the border in Chiapas, however, a larger
The region crossed by this border was once biologically very and increasing population has an obvious effect on the landscape.
diverse. On the Guatemalan side, it still is, as most of the El Peten Between 1974 and 2000, much of the forest on the Mexican side of the

remains as closed canopy forest because of lower population densities  border has been converted to cropland or pasture.
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| Sparsely populated during the 1970s, this

region has undergone major develop-
ment and large areas of forest have been

.

- L et (]
P o ,-..1:"
LY e i | ‘.. 3

UBTROP]
IGUAZU, SOUTH AMERICA

170

g 28Feb 19
o e LA

N 4t . vl % f
" i il uh, TR N l"L... --',:‘.
i&'??c‘ . ﬂ'ﬁ ENEINTER

%
\; !
s Ay
J A ] s .. %
Vi e TRER ..lh_' 1 _" ™ 4.
N )t;r 4 *:-‘%R" LY
' 535

Ny
-
M

7

&,
L
1

BTN
y l,iu. “Iﬁ.]
4 & L 1"

Iguazu National Park, located in Argentina near
its borders with Brazil and Paraguay, contains
remnants of the highly endangered Paranaense
Rain Forest. Isolated from other rain forests by
natural barriers, the Paranaense developed

a distinct and highly diverse ecosystem with
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Credit: John Townshend/UNEP
Over 90 per cent of the Paranaense
Forest has been converted into
agricultural fields, in which mainly
soybeans and corn are grown.

thousands of species of mammals, birds, reptiles, and amphibians unique to
the area. The famous Iguazu Falls are located within the boundaries of the
National Park and are shared by Argentina and Brazil.

Between1973 and 2003, dramatic changes to the landscape occurred in
this region. In 1973 the forested area spread across the borders of the three

e~
;'F- + | Itaipa Dam, one of the world’s
&,j,’ 'l largest, was built from 1973 to
F d is a major source of
. ty for both Brazil
| and Paraguay.

'I."'.. ¥ g
P

LA s R
Iguaztl Fallsgs3)

Credit: Teal H.F. Smith/T
One of the many fal
Igauza National Park

nations. By 2003, however, large areas of the forest in Paraguay and Brazil,
and smaller amounts in Argentina, had been converted to other forms of
land cover, creating a mosaic of differently colored land use areas. Note the
variation in land cover patterns among the different countries—reflections of
different land use polices and practices.
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Madagascar is the world’s fourth largest

island and has been described
S U B TRO P I CAL F O RE S T !’:ﬁcgrn?:ive 3vsorlz(’e’r:)r : i\j\ll':)rled aa;aar?”

ITAMPOLO, MADAGASCAR because of its unique and rare plant and

animal species. Madagascar was once
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almost completely forested. But the practice of burning the forest to
clear land for dry rice cultivation has over time denuded most of the
landscape, particularly in the central highlands (tan colour in the 2001
image). Coffee production, grazing, gathering fuelwood, logging,

cattle ranching, mining and other activities also have contributed
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to deforestation and land degradation. This set of satellite images
shows a narrow coastal plain near the Linta River of southwestern
Madagascar. Between 1973 and 2001, the forests in this area have all
but disappeared. Remarkably, numerous endemic species still remain
in scattered forest remnants.
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Troricar Forest

KISANGANI, D.R. oF THE Conco

Boat on the Congo River
Credit: Lumbuenamo Raymond/UNEP

W -_

Kisangani, in the Democratic Republic of the
Congo, is located along the Congo River in
the northwestern part of the country. Itis a
city of roughly a half million people.

In these images, most of the region



Aerial view of Kisangani

Credit: Lumbuenamo Raymond/UNEP
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around Kisangani is a rich green colour, indicative of dense forest cov-  Much of the deforestation is attributed to the influx of refugees into
er. However, directly around the city is a light green zone—evidence of  the country. Even the denser parts of the forest, once thought to be
deforestation and conversion of the land to other uses. In the second impenetrable, show signs of deforestation.

image, taken in 2001, the cleared area around the city has grown and

become consolidated; it has also spread along the rivers and the roads.
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Drainage of peat lands enables
trees to grow.
Credit: H. Gyde Lund/UNEP
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Finland is the most forested country in Europe;
86 per cent of its land area, or a total of 26
T million hectares (64 million acres), is covered
O R EA] O R E S by forest. The country is responsible for one
quarter of the world’s printing and writing pa-
LAPPI ) INLAND per exports, and for one sixth of its paperboard
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exports. Feeding this massive paper industry is the Finnish forest industry private landowners, the vast majority of its valuable old-growth forest is

- one of the most intensive in the world. As a result, Finland’s forests—in- owned and logged by the state. These two images show a result of this log-
cluding its remaining old-growth fragments—are being exploited by ging in the northeastern areas of the country. In the 1987 image, the area
clearcutting, forest thinning, road construction, and ditching of soils. The has a near homogeneous forest cover (green); on the other hand, the 2002
result is the severe and extensive fragmentation of natural habitat. While image shows only a few patches, mainly in the protected areas with continu-

much of Finland’s productive forest (around 62 per cent) is in the hands of ous forest cover. The patches of tan signify clearcut areas. 177
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On the slopes and the surrounding areas of Mt.
" Olympus in the Olympic Peninsula of the Pacific
E M P E RAT E O RE S T Northwest, one of the last remnants of temper-

ate forests in the United States is quickly disap-

OLYMPIC PENINSULA, UNITED STATES pearing. Between 1971 and 2002, nearly half a

million hectares (1.1 million acres), or almost 29
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per cent of the forest covering the Peninsula, was clear-cut. That is an the Peninsula were the most severely impacted during this period of time: 48

area equal in size to the Olympic National Park and its five adjacent wilder- per cent of the forests on Native lands were clear-felled. In the 2000 image,

ness areas. clear-cutting is obviously still continuing, as is development to the north,
The 1974 image shows the characteristic patchwork of purple and pink ar-  west, and south of the national park. There is evidence of good regrowth of

eas where clear-cutting has taken place. Light green patches signify regrowth trees in forest reserve areas in preparation for the next clear-felling cycle.

in the forest areas. On a percentage basis, forests owned by Native tribes on
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Laos (The Lao Peoples Democratic
Repubilic) is a small land-locked country

in Southeast Asia that is rich in forest

and water resources. However, human
agricultural practices such as uncontrolled
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burning and shifting cultivation—a land-use pattern in which patches
of forest are cleared, burned and cultivated, and then abandoned to
allow regrowth and recovery before being exploited again—are the
primary causes of deforestation throughout the country. A comparison
of these 1975 and 2000 satellite images shows how the intensity

| Recently harvested lumber next to a road
il Credit: Chandra Giri/UNEP/USGS

of shifting cultivation activities—and the resulting environmental
damage—has increased over time. In 1975 there were only scattered
areas under cultivation (white patches) in the forest. By 2000, the
number and size of cultivated areas and disturbed forest cover had
increased substantially.
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Indonesia is the second largest producer
RO P I CAL O RE S T of palm oil in the world, after Malaysia.
The drive to meet the demand for palm
PAPUA1 INDONE SIA oil is resulting in conversion of forested

areas into palm oil plantations. These three
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palm fruit in Malaysia
Credit: H. Gyde Lund/UNEP
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satellite images reveal how a combination of transmigration, logging break in the forest cover, the October 2000 image reveals an area

interests, and palm oil plantation development have transformed an being prepared for palm oil plantations, and evidence of an influx of

area that was previously tropical lowland rain and swamp forest. plantation workers. The 2002 image clearly shows a checkered pattern
While the 1990 image shows the first signs of development in of plantations in the primary development area, and the extension of

this region, with the jagged access road network forming the only the road network to the north, south, and southwest. 185
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This 1989 Landsat image shows substantial immigration to 15 )
the area between 1975-1986. The predominant “feathered”
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Approximately 30 per cent of the world’s

tropical forests are found in Brazil. In
a continuing effort to decentralize
the Brazilian population and exploit
undeveloped regions, the Brazilian

For.

RONDONIA, Brazir
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Primary land uses are cattle ranching and annual crop farm-
ing. More sustainable perennial crops like coffee and cacao
occupy less than 10 per cent of the agricultural land areas.
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Ll
government constructed the Cuiaba-Port Velho highway through distinctive fishbone pattern of forest exploitation had appeared and
the province of Rondoénia. Completed in 1960, the road serves as the by 2001 had expanded dramatically. The highway has become a major
access route for infrastructural development in the region, previously transportation route for immigrant farmers seeking income-producing
occupied solely by indigenous people. In 1975, the region was opportunities. Migration into the area continues unabated.

still relatively pristine, with much of the forest intact. By 1989, the
185
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Mixed deciduous and evergreen needle-leaf trees
dominate the boreal forests of Sakhalin Island, just off
Q R EAL the eastern coast of Russia. The tremendous natural
reserves of the boreal forests serve as “carbon sinks”
that help to regulate global climate. Boreal forests
are also home to a unique collection of plants and
animals, including rare and endangered species such

SakHALIN, Russia
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Excessive, out-of-control fire can destroy tree roots, even though

trees remain standing.
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as the Amur Tiger. Fire is a natural and often vital component in maintaining

the health of boreal forests. But since the 1950s, the frequency of fires has In 1998, roughly 300 intensely hot fires burned an area nearly the size of
increased on Sakhalin Island as its forests have been subjected to rapid Luxembourg. Three people died and nearly 600 were made homeless by a
exploitation and disturbance in the acquisition of lumber, oil, coal, and peat.  very rapidly moving crown fire that consumed the town of Gorki within a few
As people have moved into the region in greater numbers, the risk of fires hours. The 1999 image very clearly shows the extent of the fire damage to the
started by trains, cars, trash fires, and wood stoves has increased greatly. island’s forests near the end of that year.
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TRQPICf FOREST

Tar NATIONAL PARK, CC)TE p'Ivorre

The deforestation rate in Cote d’lvoire is
thought to be one of the highest in tropical
regions worldwide. Conservation of large
forested areas, such as those within the
boundaries of the Tai National Park, is



o P |=
Ditroudra
Beoug:

3 Dec 2002

1
v _. &
"

1
o 5
, "5
of primary importance, especially from a continental perspective. from coffee and rubber plantations as well as their exploitation
Conservation of smaller forested areas is also essential, both for for fuel wood. The lighter green strip bisecting the images is the
biological conservation purposes and to meet the needs of result of extensive deforestation and intensive cultivation between
rural communities. the protected Grebo National Forest and the Tai National Park.

A comparison of these satellite images from 1988 and 2002 shows Encouragingly, the boundaries of the protected areas have remained
the destruction of small forest fragments due to increased pressure relatively intact. 189
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Temporal sequence of land-use changes from agricultural land (1975) to Pinus radiata

plantation (1981).

Chile has been recently considered as one of the most
economically competitive countries in Latin America.

s ) B O REA F O RE S "1 Rapid growth in Chile’s production and export of forest
TR products is based on the expansion and management

of exotic species forest plantations in the last 30 years.
VaLpivian, Criie P P 4

However, some studies have demonstrated that such
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Credit: Claudio Donoso/UNEP/Instituto de Silvicultura, UACH.

Mixed forest of native (Nothofagus glauca) and exotic
(Pinus radiata) tree species.

expansion of forest plantation has produced a decrease in native forests in
the south-central region of the country. These two Landsat, MSS and ETM
scenes taken in 1975 and 2001, respectively, show changes in land use during
the last 30 years. Many endangered tree and shrub species have been affect-
ed by this change, which has also led to a dramatic reduction of landscape
diversity as well as goods and services from forestlands. The traditional land-
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I‘. =

use practices of small-scale logging of native forests, livestock and agriculture
have been replaced by large-scale timber production that puts endemic
endangered tree and shrub species at risk.










3.5 Cropland

he success of the human race can, in many respects, be at-
tributed to the development of agriculture. The ability to

raise crops and therefore control a large portion of our
food supply has enabled humankind to expand and flourish as a
species, and to grow in numbers far beyond the natural carrying
capacity of the environment. It is also through agriculture that
people have brought about some of the greatest changes to the
global environment.

The Food and Agriculture Organization of the United Na-
tions defines cropland as “land used for cultivation of crops”
(FAO 2002). The foods and fibers we grow on croplands
around the world are many and diverse. They include: annual
crops such as maize, rice, cotton, wheat, and vegetables; crops
harvested after more than a year such as sugar cane, bananas,
sisal, and pineapple; and perennial crops such as coffee, tea,
grapes, olives, palm oil, cacao, coconuts, apples, and pears.

The total area devoted to crops
worldwide increased from
1 350 million hectares
(3 336 million acres) in
1961 to 1 510 million
hectares (3 731
million acres)
in 1998, an an-
nual increase
of about 0.3
per cent.
Most of this
expansion
took place
in develop-
ing coun-
tries, where
cropland
expanded
1.0 per cent
annually
(Wiebe 2003).
According to
FAO estimates,
the 1 500 million
hectares (3 706
million acres) of land
currently used for growing
crops represents just 35 per
cent of the 4 200 million hectares
(10 378 million acres) of the world’s land judged to be suitable
for crop production. Nevertheless, much of the undeveloped
arable land has marginal productivity due to costs for sustainable
development and use.

Food production has more than kept pace with global popu-
lation growth (WRI 2000). On average, food supplies are now 24
per cent higher per person than in 1961, and food prices are 40
per cent lower. It is estimated that world population will be in-
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creasingly better-fed until 2030, with 3 050 kilocalories (kcal) of food available per
person per day compared to 2 360 kcal in the mid-1960s and 2 800 kcal today. This
improvement reflects rising consumption in many developing countries, where

average food intake will be close to 3 000 kcal per person per day by 2030 (Bru-
insma 2003).

Despite increases in food production, we seem to be approaching the
limits of global food production capacity based on present technologies
(Kendall and Pimentel 1994). At the same time, environmental dam-
age caused by agricultural practices is continuing, and, in many parts
of the planet, intensifying. Worldwide, enormous areas of forests and
grasslands have been converted to cropland. The conversion of natural
ecosystems to agricultural landscapes has negatively impacted biodi-
versity and many other aspects of environmental health. Irrigating and
fertilizing cropland has, for example, widely affected water resources as
well as freshwater, coastal, and marine ecosystems. Of all human activi-
ties, agriculture consumes the greatest amount of water, accounting for
roughly 70 per cent of all water withdrawals worldwide. On average, a
person needs about four litres of drinking water per day. Yet it takes be-
tween 2000 and 5000 litres of water to produce the food that one person
consumes daily (FAO 2003).

Every year, water and wind erode an estimated
2 500 million metric tonnes of topsoil
from the world’s croplands (FAO
1996). All told, about 85
per cent of the world’s ag-
ricultural lands contain
areas now degraded to
some degree by ero-
sion, salinization,
compaction,
nutrient deple-
tion, biological
degradation, or
pollution. The
extent of crop-
land degradation
raises questions
about the long-
term capacity of
agro-ecosystems
to produce food.
At the same time,
some of the world’s
best farmland is be-
ing withdrawn from
food production and put
to other uses,
including “consumption” by
urbanization.

Cropland
- Cultivated and managed areas

- Cropland mixed with tree cover
- Cropland mixed with shrubs or grasses

Source: Global land cover 2000 (GLC 2000)

Because of its direct impact on
global food production, damage to and loss

of arable land has become one of the most urgent problems facing the

world today (Kendall and Pimentel 1994). The problem is seriously com-

plicated by the fact that for many of the more than 1 100 million people

who currently live in extreme poverty, economic growth based primarily

on agricultural activities is essential to improving their lives.
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the intensity of infrared emittance in the date belt is considerably diminished;
the pallid red brown indicates stressed and dead vegetation, and the replace-
ment of palms by reeds and desert scrub.

20
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Healthy vegetation is characterized by a distinctively strong reflectance in the
near infrared and appears red. In the infrared Landsat images above, the date
palm belt skirting the Shatt al-Arab appears as a dark red hue in 1975. In 2002,

Case Study: Shatt al-Arab Palm
Forest Destruction

1975-2002
(By Hassan Partow, UNEP/DEWA/GRID-Geneva &
GRID-Sioux Falls)

Lining the 193-km-long (120-mile-long) Shatt
al-Arab estuary, formed by the confluence of
the Tigris and Euphrates Rivers, is the largest
date palm forest in the world. Stretching back
from the riverbanks towards the desert, date
plantations extend for distances varying from a
few hundred metres to almost six kilometres (4
miles). In the mid-1970s, the region counted
some 17-18 million date palms or a fifth of the
world’s 90 million palm trees. By 2002, more
than 14 million, or 80 per cent, of the palms
were wiped out.

Destruction of the palm forest is due to a
variety of factors. War has had the most direct
impact, but salinisation and pest infestation
have also caused long-term damage. The
livelihoods of millions of people dependent

Al Qurnah
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on dates for food and income are in ruins,
including a regional trade with export earnings
ranked second only to oil.

Impact of War

Most of the Shatt al-Arab is in Iraq. But
roughtly about the last half of its course, near
its juncture with the Karun River, forms the
border between Iraq and Iran. Demarcation of
the borderline has been disputed by the two
countries and was invoked as a cause in the out-
break of hostilities in 1980. The conflict, which
lasted for eight years, was the longest conven-
tional war of the twentieth century, claiming
an estimated one million human lives and
causing extensive environmental damage. With
the Shatt al-Arab waterway recast into a major
theatre of war, the palm forest was unavoidably
caught in the prolonged and intense crossfire.
The destructive power unleashed by modern
weapons in ground battles and aerial bombard-
ments as well as deliberate felling reduced the
palm forest to an emaciated shadow of what it
was in its lustrous past.

Salt and Pests

Date cultivation along the banks of the Shatt
al-Arab is a rare example of extensive tidal
irrigation. Under the influence of the strong
twice-daily tidal action of the Gulf, upper layers
of fresh estuary water are swept into the creeks,
irrigating date palm groves on the flood and
draining them on the ebb.

Credit: Nik Wheeler/UNEP/ Grid-Geneva
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Analysis of Landsat satellite imagery shows that of the 52 000 hectares (128 494
acres) of date farms fringing the Shatt al-Arab in 1975 only 11 000 hectares
(27 181 acres), or 21 per cent, remained in 2002. In total, war, salt and pests

Alarming signs of salinisation in the Shatt
al-Arab region began emerging in the late
1960s. The situation rapidly deteriorated as
dam construction intensified throughout the

Credit: Hassan Partow/UNEP/GRID-Geneva
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condition.

Tigris-Euphrates basin, considerably reduc-

ing freshwater flows and eliminating periodic
flooding of the Shatt al-Arab that formerly
washed out accumulated salts. The supply and
quality of water reaching the estuary dipped
further with the desiccation of the vast Mesopo-
tamian wetlands immediately above it and the
diversion of marsh waters. Moreover, decreased
inland discharge has stimulated deeper seawa-
ter penetration into the Shatt al-Arab, and wa-
ter quality is steadily worsening due to polluted
backflow from expanding irrigation projects in
the watershed. Despite the date palm’s high salt
tolerance, excessive salinity has triggered large-
scale palm dieback, with those nearest to the
sea most affected but with the process continu-
ing unabated inland. Finally, abandonment of
date farms during the war and overall deterio-
ration in palm vigour has rendered the trees
susceptible to ravaging pest infestations, which
have been particularly severe in the 1990s.
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have destroyed approximately 14 million palms—around 9 million in Iraq and 5
million in Iran. Moreover, many of the 3-4 million remaining palms are in poor

The Phoenix Factor

The date palms, whose botanical name is
Phoenix dactylifera L., resemble the mythical
Phoenix bird that sprang from the ashes in that
date palms are also able to regenerate from fire
damage. Biotechnology may be the modern
phoenix that will help replace the millions of
palms that have been destroyed along the Shatt
al-Arab. Iran is using a new cloning technique
to accelerate mass date production, as dates are
naturally slow to propagate. Already, thou-
sands of palm plantlets have been introduced.
Biosafety regulations, however, will need to be
observed to ensure that the Iran-Iraq treasure
grove of 800 plus date varieties, representing
more than a quarter of world date diversity, is
not jeopardised by a broad dissemination of
cloned palms.

27 Jan — 5 Feb 2002
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This image shows the region shortly after the
P introduction of center pivot irrigation.
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Rich in oil but lacking abundant water re-
sources, Saudi Arabia has used oil revenues to
adopt some of the best technologies available
for farming in arid and semi-arid environments.

One such technology is the center-pivot irriga-
tion system (CPI). In satellite images, CPI-irri-
gated fields appear as green dots.



These three images, from 1986, 1991, and 2004, reveal the ef-
fects of this irrigation strategy in a vast desert region in Saudi Arabia
known as Wadi As-Sirhan. This region was once so barren that it could
barely support the towns Al'lsawiyah and Tubarjal that can be seen
in the upper left of each image. Following the introduction of center-
pivot irrigation, however, barren desert was gradually transformed
into a greener, food-producing landscape.

The irrigation system draws water from an ancient aquifer—some
of the water it contains may be as much as 20 000 years old. Judicious
use of water resources, and climate-appropriate technology, has in

this situation helped improve food production without being detri-
mental to the environment.
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The unique transformation of the former USSR into
today’s modern states has had a profound effect on
the lay of the land in Ukraine. These images show a
notable difference in the agricultural land use patterns
between Poland and Ukraine, probably reflecting dif-
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ferent policies and approaches to land use. Of particular interest are the sizes  in the 2000 image, larger fields have been divided, following the pattern in

and patterns of the fields in the two countries; while Poland the farms are Poland. The satellite images reveal quite vividly the contrast in land-use prac-
comparably much smaller, those in Ukraine are larger. tices between the individual farms of Poland and Ukraine’s former state farm
Though the town of Novovolyns'k has not changed appreciably in size, plan—and how the latter has changed over time.

an apparent change in the approach to land use in Ukraine has taken place;
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These two satellite images reveal the degree to which agricultural  lands in which crops have not yet emerged from the soil. Areas of
activities have expanded on and around Paektu San, particularly on deforestation and other types of land clearing appear pink and are

the North Korean side of the border, where intensive land develop- dissected by the fine lines of mountain streams. Near the center of
ment has served to both increase food production and underscore the more recent image there is further evidence of land-cover change
North Korea’s territorial claims. In these images, green represents along the border between the two countries where a dam has

natural vegetation while grayish-brown areas are bare agricultural been constructed.
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Lack of bridges and roads offered only limited access. By 1986,
roads were established and clearing for agriculture had began
in earnest.

17 Jun 1975




-

6 May 2003 =

X =
PR o
to the Rio Grande (Guapay) River. By 1986 (inset image), roads had agricultural lands, including the area east of La Esperanza across the
been built that linked the region to other population centers. As a river. In the area north and west of Los Cafes (upper left), notice the
result, large numbers of people migrated to the area. A large agricul-  grid of squares on the landscape, each with an internal star-shaped

tural development effort (the Tierras Baja project) led to widespread pattern. At the center of each square is a small community.
deforestation as forests were clear-cut and converted to pastures and
cropland. By 2003, almost the entire region had been converted to
207
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The Tensas River Basin watershed lies in eastern
Louisiana and covers 272 000 hectares (672 126
acres) in the Mississippi River Alluvial Plain. His-
torically, 90 per cent of this land was forested.

Roughly 85 per cent of the forests were cleared
during the 1960s and 1970s for the planting of
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soybeans. Clearing of the forest has exacerbated flooding problems management areas. Small forest remnants also occur on some private

and increased erosion. lands. The contrast between the amount of land cover change that
As this pair of images reveals, intensive agricultural development  has occurred on opposite sides of the Mississippi River in these im-

has continued in the Tensas River Basin over time. Croplands appear ages is striking. In the state of Mississippi, the forests remain

in shades of tan; forests are green. The only remaining large tracts of ~ largely intact, possibly due to the absense of lands suitable

hardwood forests in the watershed are in isolated wildlife refuges and  for cultivation. 500



The city of Torredn is located in the State of
Coahuila in central Mexico. Founded in 1893,

Toneeon '. ﬂ / ( RO P L Torredn is a modern industrial city that is home

‘1’*‘ to flour mills, textile plants, iron foundries, a
TO RREON ’ MEXI CcO rubber factory, and various other industries.

<
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Torredn is also situated in a rich agrarian region noted for its cotton and
wheat farms and cattle ranches.

Since the 1970s, however, there has been a significant decrease in
cropland in the Torreén region due to drought and subsequent extrac-
tion of ground water from aquifers. In 1992, the Mexican government
passed the Federal Water Law, in which the government sought to shift

responsibility for some water management rights issues from federal to
local governments, or even individuals. This left farmers in a position to
negotiate their own water rights. At the same time, however, prices of
water for irrigation were also raised. The amount of land around Torreén
on which crops are raised continues to decrease.
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Egypt’s Toshka Project has transformed part of

the country’s scorching hot southern desert

into a region dotted by lush, neatly tended

vegetable plots that are supplied with water

and fertilizer by drip irrigation systems. These
images, from 1984 and 2000, document the
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changes and success Egypt has had in this desert reclamation project, canal into the Toshka Depression, where it forms the lakes visible in

which was begun in the mid-1990s and aimed to double the size of the 2000 image. The faint blue-green areas visible around some of the

Egypt’s arable land in fifteen years’ time. lakes are agricultural lands, newly created by irrigation. While provid-
The project created four new lakes in the desert by drawing water  ing people with new arable land on which crops can be grown, the

through a concrete-lined canal from Lake Nasser, which was formed Toshka Project’s environmental impacts are still under study.
by damming the Nile River at Aswan. The water flows through the
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3.6 Grasslands

rasslands cover roughly 40 per cent of the Earth’s land sur-
face. They are, as their name implies, natural landscapes

where the dominant vegetation is grass. For purposes of
this report shrublands are also considered grasslands. Grasslands
typically receive more water than deserts, but less than forested
regions. Worldwide, these ecosystems provide livelihoods for
nearly 800 million people. They are also a source of forage for
livestock, wildlife habitat, and a host of other resources (White
etal. 2000).

Most of the world’s meat comes from animals that forage
on grasslands. World meat production has nearly doubled since
1975, from 116 million metric tonnes to 233 million metric
tonnes in 2000 (UNEP 2002b). Grasslands and their soils store
about one-third of the global stock of carbon in terrestrial eco-
systems. These lands also are habitat for diverse and biologically
important plants and animals.

Most of the world’s original grasslands - '
that receive enough rainfall to J'?!E r e
: _?{, T ’

support the growing of
crops have been con-
verted to agricultural
lands. In other areas,
irrigation using
imported water
or groundwa-
ter has been
implemented
on tradition-
al rangeland
areas (SRM
n.d.). Pre-
cise mea-
surements of
area changes
are difficult
to come by
as there is no
international
organization
tracking grasslands
and because of the
difficulty in identify-
ing what is grassland
and what is not. How-
ever, it has been estimated

that there were over seven million
km? (three million square miles) of grassland

and scrubland lost between the development of agriculture
and 1982 (Mathews 1983). In addition, it is known that all
croplands were developed either from forests or grasslands.
In that respect, since cropland areas are expanding, it can be
assumed that on the whole, grassland areas are continuing to
decline. On the other hand, large areas of tropical rainforests
are being cleared to provide pasture for livestock. Therefore,
grasslands—at least in the form of pastures—may be expand-
ing in some localized areas.

Worldwide, the quality of surviving grasslands is declining.
This is due primarily to human-induced modifications such
as agriculture, excessive or insufficient fire, livestock grazing,
fragmentation, and invasive plants and animals (White et al.
2000). Invasion of the world’s grasslands by woody plants is



among the dominant changes in the Earth’s vegetation during the last two
centuries (Polley et al. 2003). Woody plants tend to displace grasses on

grasslands. Invasion by woody plants traditionally has been attributed to

the introduction of exotic species, overgrazing, fire suppression, and
elimination of small mammals that kill woody seedlings. Fire suppres-

sion in some parts of the world is resulting in the reintroduction of

woody plants into grasslands that have been controlled by fire by
thousands of years. At the same time, an increase in human-made

fires in other parts of the world are making it possible for grass-
lands to supplant forests.

The displacement of grasses by woody plants may also be
related to the 30 per cent increase in the concentration of CO,
in the Earth’s atmosphere that has occurred over the last 200
years. Grasses use water more slowly as carbon dioxide levels
increase. Consequently, grassland soil may retain water better
during droughts when atmospheric carbon dioxide concentra-
tions are high. Such an increase in soil water may indirectly

promote the invasion of woody plants into grassland by enhanc-
ing the survival of shrub seedlings during droughts.

It is estimated that 73 per cent of the world’s grazing land
has so deteriorated that it has lost at least
25 per cent of its animal carrying
capacity (UNEP 1999b). Even
though the damage from
overgrazing is spreading,
the world’s livestock
population contin-
ues to grow in step
with increases
in the human
population,
and a grow-
ing demand
for meat that
accompanies
increased
wealth. As
world popula-
tion increased
from 2 500
million in
1950 to 6 100
million in 2001,
the world’s cattle
population grew
from 720 million
to 1 530 million. The
number of sheep and
_ goats increased from 1 040
SN A million to 1 750 million.

Grasslands

- Dense
- Sparse

Source: Global land cover 2000 (GLC 2000)

With 180 million people worldwide now trying to make a

living tending 3 300 million cattle, sheep, and goats, grasslands
are under heavy pressure. As a result of overstocking and over-
grazing, grasslands in much of Africa, the Middle East, Central
Asia, the northern part of the Indian subcontinent, Mongolia,
and much of northern China are deteriorating. While graz-
ing was once a pastoral activity that involved people moving
with their herds from place to place, it has become a far more
sedentary undertaking. The result is an increase in grassland
degradation near settlements and the creation of grassland
landscapes perforated by bore holes.

Initially, overgrazing of grasslands reduces their productiv-
ity and ultimately destroys them. Worldwide, there are now 680
million hectares (1 680 million acres) of degraded grasslands
(Brown 2002). Desertification is estimated to involve 3 600 mil-
lion hectares (8 896 million acres) of land—roughly 25 per cent
of the world’s total surface area.
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Narok, Kenva

Maasai tribesman from Maasai Mara National Park
Credit: H. Gyde Lund/UNEP

The Narok District, located in southwestern Kenya, is
one of eighteen districts in the country’s Rift Valley
Province. The primary inhabitants of the district, the
Maasai, have traditionally been nomadic pastoralists.
However, conversion of portions of their grazing and
hunting grounds into national parks and game re-
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serves, including Mara (Maasai Mara Game Reserve), Serengeti, and Tsavo, has
posed a challenge to their way of life. Diminishing income from cattle raising
and tourism activities has led to the conversion of Narok’s fertile soils into pro-
ductive agricultural lands. With World Bank estimates of US$0.75 per annum

per hectare for cattle, US$5.5 for tourism and US$218.75 for farming, the ten-
dency for grasslands conversion into to agricultural fields seems only logical

W

27 Jan 2000

to many. By 1987, more than 27 000 hectares (66 718 acres) of land had been

leased to farmers, an increase from 18 000 hectares (44 478 acres) in 1973.
These two images reveal the changes that have taken place in the Narok

grasslands area over the past three decades. In the 1975 image, agricultural

expansion is just beginning, while the 2000 image shows the degree to which
farmlands have expanded.
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" * While much of West Africa is experiencing loss of
¥ ] ( : woodland and forest cover from expanding cultiva-
o , tion, Senegal’s major agricultural region—the Peanut
P i ) RAS S LAN D S Basin—is witnessing the opposite: agricultural lands
B are being abandoned, and replaced with tree-dot-

S PEANUT BASIN 1 SENEGAL ted savannas. This pair of Landsat images shows the
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30 June 1983 16 November 1995 Credit: Gray Tappan/UNEP/USGS
This photo pair shows the same landscape at a 12-year interval (1983 and 1995). The view is typical of many areas

in Senegal where cropland is being abandoned in favor of fallow and grazing lands. Note the regeneration of the
natural woody vegetation in the background.

growing patchwork of savannas (greenish patches) where peanut and millet livelihoods in Senegal’s urban areas, including Darou-Mousty (upper right),
crops once prevailed. This phenomenon is not the result of a planned land and the major centers of Touba and Dakar (not shown) as well as abroad.
management program. Rather, it stems from recent trends in out-migration. Those who have stayed are enjoying the benefits of a revived rotational fal-
The drop in world market prices for peanuts, drought, and the removal of low system, large tracts of grazing land for a growing livestock economy, and
government agricultural subsidies have made it difficult for farmers in the diversification into other cash crops. Hundreds of villages can be seen scat-
region to continue to farm. Since the 1980s, many have left in search of new  tered throughout this region (dark spots).
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Credit: Gray Tappan/UNEP/USGS
Although livestock pressure played a major role in reducing vegetation cover in local areas
in northeastern Senegal, the major droughts of the 1970s and 1980s had a widespread effect,

causing high mortality among the hardiest of tree and shrub species. This photo pair taken
| 13 years apart, shows the dieback among Pterocarpus lucens bushes.

The impact of drought and over-grazing on the woody

vegetation of Senegal’s northeastern plateau is evi-
RAS S LA l \I D S dent both on the ground and from space. On the left,

one of the earliest satellite photographs ever taken of
northern Senegal (Corona, 26 December 1965) shows

Revane, Senecar




ancient valleys cutting through gravelly plateaus, with extensive bushland
vegetation. In the late 1950s, a borehole was drilled deep into the underly-
ing aquifer at Revane, providing water in the dry season for livestock of the
region’s semi-nomadic pastoralists, the Fulani. By 1965, the early stages of
landscape degradation (bright areas) around Revane are visible, a result of

heavy livestock concentrations. By 1999, this badland phenomenon, exacer-

bated by years of drought, had spread extensively along the shallow valley
slopes, leaving barren, unproductive surfaces (smooth, bright patches). A
firebreak runs diagonally across the image from Revane to the northeast.
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The Upper Green River Basin (UGRB) is western Wyo-
ming’s sagebrush steppe, a landscape punctuated by
ribbons of wildlife habitat, stunning vistas, and impor-
tant cultural sites. The basin serves as the winter home
of large herds of pronghorn antelope and mule deer,



which migrate into the area from the highlands of Grand Teton and Yellow-
stone National Parks.

With its extraordinary reserves of oil and natural gas, the UGRB has
become a focal point for the oil and gas industry. Over 3 000 wells (black
dots in the center of the 2004 image) have been approved in the UGRB and
development is occurring at a rapid rate—one that exceeds the Bureau of

Credit: Peter Aengst/UNEP/The Wilderness Society, LightHawk, and SkyTruth
This aerial photograph shows the vast network of roads and well pads
that make up a portion of the Jonah natural gas field, located in Wyo-
ming’s Upper Green River basin, 21 km (35 miles) south of the town
of Pinedale. This recently drilled gas field is not coal bed methane, but

shows similar high density drilling (in this case it is for gas in a “tight
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Land Management’s “reasonably foreseeable development” plan by more
than 300 per cent. The environmental impacts of this rapidly escalating oil
and natural gas development are not clear, and conservationists are press-
ing for measures that will help safeguard the region’s wildlife and air and
water resources.
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Wyperfeld National Park in Australia’s southeastern
state of Victoria consists of some 3 000 km?2 (1 158

G RAS S LAN D S square miles) of dry, native scrubland—classic Aus-

tralian “bush.” Wyperfeld lies in the flood plain of the
WYPE RFELD NATIONAL PARK, AUSTRALIA Murray River, sandwiched between wet, coastal forests

and the country’s arid interior. The park has water only



Bunis Springs

e
e
=

when the river overflows its banks. Much of the park’s vegetation is mallee,

a type of shrubland dominated by several sparse, tall varieties of eucalyptus.

Over 450 species of plants, 200 species of birds, and a variety of mammals
and reptiles live within the park.

Fires set by people have been used to maintain the Australian bush for
thousands of years. Fires also occur naturally and occur in the park and sur-

7 \Iﬂ.. T =
. : (rredmarshy .

rounding area nearly every year, leaving huge fire scars on the landscape
that are easily seen in satellite images (light green areas). Remote sensing is
used to document the extent of burn areas, and to help land managers plan
controlled burns that help maintain the native vegetation and habitat for na-
tive wildlife. Wyperfeld staff currently set fuel-reduction fires along the park’s

edges but fight all accidental fires.
227
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3.7 Urban Areas

n urban area is a geographical unit of land constituting a town

or city. Urbanization is the process by which large numbers of

people become permanently concentrated in relatively
small areas to form towns or cities.

During the course of human history, urbanization has ac-
celerated worldwide. Between 1975 and 2000, urban population
increased from 1 500 million people to over 2 800 million, or
about 45 per cent of the world’s population (UNEP 2002b). By
2020, it is estimated that 60 per cent of the world’s population
will be urban (Anon 2003).

For many people, urban living represents a better lifestyle.
On average, individuals living in urban areas have higher
incomes and live healthier, easier lives than their rural coun-
terparts. They have greater access to clean water and sanitation
than those in rural areas. Concentrations of people also tend
to strengthen infrastructures by consolidating transportation
services, utilities, and roads.

It is also true that not all urban
dwellers benefit from urban
living. In 2001, 924 mil-
lion people, or rough-
ly 31.6 per cent of
the global urban
population,
lived in slums
(UN Habitat
n.d.). A slum
household
s one in
which a
group of
individu-
als living
under the
same roof
lack one
or more
fundamental
necessities,
including access
to clean water,
access to sanitation,
secure tenure, dura-
bility of housing, and
sufficient living area (Warah
2003). In the next thirty years,
as many as 2 000 million people will be
living in urban slums unless substantial policy
changes are put into place.

Wherever people are concentrated in large numbers, as they
are in urban areas, the risk of disease and other health concerns
have the potential to become extremely urgent issues. Overcrowd-
ing fosters epidemics of tuberculosis, influenza, and many other
communicable diseases (Myers and Kent 1995). Urban areas also
tend to be polluted. According to some estimates, industrialized
countries exhaust 3 146 kg (6 936 Ibs) of fossil fuels and produce
200 kg (440 1bs) of air pollutants every year. Fossil fuel use adds
both pollutants and greenhouse gases to the atmosphere, the
latter of which contribute to global warming. Temperatures in
heavily urbanized areas may be 0.6-1.3°C (1.1-2.3°F) warmer than



in rural areas. Higher temperatures, in turn, make cities incubators
for smog (WRI 2000).

Urban populations are growing rapidly worldwide. As urban
areas expand, they often encroach into agricultural lands. Urban
expansion into agricultural areas in developing countries results in
the conversion of nearly 500 000 hectares (1 235 526 acres) of ar-
able land annually. However, urban and developed areas currently
cover only about two to four per cent of the Earth’s land surface
(Wiebe 2003). As a result, some researchers argue that land lost to
urbanization will not threaten global food production in the fore-
seeable future (Rosegrant et al. 2001). Nevertheless, urban expan-
sion frequently takes prime agricultural land out of production,
making it increasingly necessary to use marginal lands for cropland
and pastures.

Perhaps the greatest impact of urbanization is on the environ-
ment. Cities use some 75 per cent of the world’s resources and
discharge similar amounts of waste, negatively impacting the health
of local and global environments (Giradet 1995). By the end of the
1990s, people in developed countries produced from 300-800 kg
(661 - 1 764 1bs) of waste per person per year (UN-HABITAT 2005).
The growth of urban populations in most countries of the world
has led to the creation of “super
cities”—urban areas where
the original core city has
become part of an
agglomeration that
takes in neighbor-

ing towns, new
suburbs, dor-
mitory towns,
or shanty
settlements.
Increasingly,
super cities
are becom-
ing power-
ful econom-
ic, social
and cultural
entities.

- Urban areas / artificial surfaces

Source: Global land cover 2000 (GLC 2000)

One posi-
tive aspect of
urbanization is
that urban dwell-
ers tend to have

fewer children and so
help limit population
growth. While badly run
urban sectors can be serious
problems for a country, a well-run

urban sector can help ensure national
prosperity. Well-planned cities can capitalize on high population
densities to minimize resource use and energy consumption and
CO, emissions—for example, by developing mass transit systems.
Some cities are investing large sums in recycling and composting as
part of ambitious waste-management programs. Many cities main-
tain large areas of productive agricultural land amid highways and
high-rises (Harrison and Pearce 2001).

231



Arlantic
Ocean

o
= Abuko

Nature
Reserve

Gambia River

[

Kilometres

-

e

; The Gambia is a small—11 295 km?2 (4 361 square
- miles)—country in West Africa. It is surrounded by
R BA REAS Senegal on all sides except on its coast. The capital
city of Banjul lies at the end of a small peninsula that

BAN]UL1 THE GAMBIA protrudes into the Atlantic Ocean.
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Credit: David McKee/ UNEP/Gambia Tourist Support Website
The mangroves that lie on the northeastern
edge of Banjul have largely escaped de-
struction, as urban development has mostly
progressed westward. Increasing popula-
tion and human encroachment remain a
threat to the mangroves.
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The country’s population is increasing at a rate of about 4.2 per cent an- sprawl and its impact. Urban growth and the accompanying expansion of
nually. For the past three decades, western Gambia has undergone consider-  cropland around urban areas have led to a significant decline in woodland
able urban growth, particularly in Banjul and some of its neighboring cities, areas (dark green). The Abuko Nature Reserve, located in the center of the

including Serekunda, Bakau, Sukuta, and Brikama. The population of the images, was once surrounded by woodlands. It now stands out as an isolated
greater Banjul area, for example, more than tripled during this time. These patch of green in an otherwise developed landscape.
two satellite images, taken in 1973 and 1999 respectively, show this urban
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Beijing, the capital city of the People’s Republic of

China, is located in the country’s northeastern corner,
RBAJ REAS in the transition zone between the Inner Mongolia

Plateau and the North China Plain. It is a city that has

B E UING ’ CHINA undergone tremendous change and explosive urban

growth, since the start of economic reforms in 1979.
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| Home to 13 million people, Beijing has experienced very
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The left-hand satellite image shows Beijing in 1978, just prior to the ter wheat, or vegetables) and its stage of development. Beijing’s explosive
reforms. The light blue-gray area in the center of the image is the urban growth is very obvious in the 2000 image. The city has expanded from its
landscape of the city. The hills to the west are covered with deciduous forest,  original center in all directions. Prime agricultural lands that once lay outside

which appears green. The agricultural lands that lie around the city appearas  the city are now suburbs dominated by institutional, industrial, and residen-
muted red, orange, and golden yellow, depending on the crop (rice, win- tial buildings. In 2000, Beijing's population was 13 million.
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Inaugurated on 21 April 1960, Brazil's new capital of
Brasilia began with a population of 140 000 and a mas-
RBAI\ REAS ter plan for carefully controlled growth and develop-
ment that would limit the city to 500 000. Urban plan-

B RASILIA, B RAZII, ner Lucio Costa and architect Oscar Niemeyer intended
that every element—from the layout of the residential
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and administrative districts to the symmetry of the buildings themselves— As these images reveal, unplanned urban developments arose at Brasilia’s

should act in harmony with the city’s overall design. This consisted of a bird-  fringes resulting in a collection of urban “satellites” around the city. Several

shaped core with residential areas situated between the encircling “arms” of new reservoirs have been constructed since Brasilia’s birth, but the National

Lake Paranoa. The city was a landmark in town planning and was recognized  Park of Brasilia stands out as a densely vegetated expanse of dark green that

as a World Heritage site in 1987. has remained relatively unchanged. In 1970, the population of Brasilia and its
satellites was roughly 500 000. The population now exceeds 2 000 000. 937
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India occupies only two per cent of the world’s total

landmass. Yet it is home to 15 per cent of the world's
R BAP R EAS total population. Urban growth is characteristic of
most Indian cities, with that of Delhi being especially

DELHI ) INDIA dramatic, as these satellite images from 1977 and 1999
clearly show.
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In 1975, Delhi had a population of 4.4 million people or 3.3 per cent of In these images, urban areas appear in shades of gray and purple. Growth
India’s entire urban population. In 2000, the city had 12.4 million inhabitants, s especially noticeable in the suburbs and areas surrounding Delhi such as
or more than 4.5 per cent of the country’s urban population. Of the world’s 30  Ghaziabad, Faridabad, and Gurgaon. Rapid urbanization has placed tremen-
largest urban agglomerations, Delhi ranked 24th in 1975 and tenth in 2000. dous pressure on land and water resources in and around Delhi.

By 2015, Delhi’s population is expected to be 20.9 million.
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Vegetable vendor in Dhaka
Credit: fim Welch/UNEP/NREL
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Dhaka, the capital of Bangladesh, has undergone phe-

\ ' - .
nomenal growth since the country gained indepen-
RBA] REAS dence in 1971. It has grown from a city of 2.5 million

inhabitants to one with a population of more than ten
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DHAKA, BANGLADESH million. This increase represents an average population



Ikonos satellite image of Dhaka
L Credit: UNEP/Space Imaging
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growth rate of about eight per cent annually. Dhaka is one of the poorestand  visible in the central portion of each image along the Turag River. Green areas

most densely populated cities on the planet, with 6 545 people per represent forests and agricultural lands. White spots are planned areas of

square kilometre. infrastructure. Urban areas are light purple. The 2000 image shows how, over
Following independence, urban areas expanded rapidly as they sought time, lowlands and agricultural lands have been converted to urban areas

to become hubs of production and modernization. In the process, land use where Dhaka has expanded to the north.

changed dramatically, as these images from 1977 and 2000 reveal. Dhaka is
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Las Vegas is the fastest growing metropolitan area in
the United States. Its growth was fairly slow during the
first half of the 20th century, but as the gaming and
tourism industry blossomed the population increased
more rapidly. In 1950, Las Vegas was home to 24 624
people. Today, the population of the Las Vegas Valley
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New housing and a golf

course in Nevada replace nl

natural desert.

tops one million, not including the tourists. According to one estimate, it may
double by 2015. This population growth has put a strain on water supplies.
Satellite imagery of Las Vegas provides a dramatic illustration of the spa-

tial patterns and rates of change resulting from the city’s urban sprawl. Las
Vegas is shown in the central portion of these images from 1973 and 2000.
Note the profound modifications to the landscape—specifically the prolifera-
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tion of asphalt and concrete roads and other infrastructure, along with the
displacement of the few vegetated lands. By 2000, Las Vegas'growth had
sprawled in every direction, with the greatest expansion to the northwest
and southeast. As the city expanded, several new transportation networks
emerged to serve the city’s inhabitants.
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shades of purple while natural vegetation is shown in green. In 1973 Mexico By 1986, Mexico City’s population had soared to 14 million. In 1999, Mexico
City had a population of about 9 million. In the ensuing years, the city ex- City had a population of 17.9 million, making it the second largest metro-

panded into surrounding areas. The forests in the mountains west and south  politan area in the world behind Tokyo, Japan. The Mexican megalopolis is
of the city suffered significant deforestation as the urban sprawl progressed. expected to reach 20 million in the next few years.
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Midrand is located approximately halfway between the

major urban centers of Johannesburg and Pretoria in
RBAI\ REAS South Africa. The major highway that connects these

two large cities dissects the city of Midrand into east

MipbraND, SOUTH Arrica
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and west halves. Since 1978, t

of population growth, agriculture, mining, and industry.
In the 1978 image, the area surrounding Midrand consists largely of
agricultural lands and rural residential zones, with some evidence of commer-

>

-

he city has been rapidly transformed as a result  throughout. Rapid growth of Midrand’s economy is expected to continue.

cial development. The 2002 image reveals high-density urban development

cant deterioration in the quality of the environment can be expected.

Current development trends and population growth rates indicate that if ef-
fective environmental management strategies are not adopted soon, signifi-




Ikonos satellite image of the Kremlin
Credit: UNEP/Space Imaging
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tains and the Asian continent. The Moskva (Moscow)

MOSKVA, RUSSIA River winds through the city, and the Kremlin, the seat
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- e i | l ' 7‘ Moskva—Russia’s capital city and its political and
€ economic heart—sits on the far eastern end of Europe,
-,," RBA REAS roughly 1 300 km (815 miles) west of the Ural Moun-
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of the Russian government, lies at its center. With a population close to 9 mil-  The light green areas surrounding the city are farms while the brown areas
lion and an area of 1 035 kmZ (405 square miles), Moskva is believed to be the  are regions of sparse vegetation

largest of all European cities.
These two images show the urban expansion Moskva experienced during
the last 25 years of the 20th century. The blue-gray patches are urban areas.
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France is a large country with relatively few large met-
ropolitan areas. Only 16 French towns and cities have
populations of more than 150 000 people. Paris, the
capital city of France, is the largest of these and home
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to roughly 2 million inhabitants. The entire Paris metropolitan area, however,
includes more than 11 million people.
Lying roughly 160 km (100 miles) southeast of the English Channel in

northern France, Paris is considered by many to be one of the most beautiful
cities in the world. In the images above, the Seine River can be seen winding

its way through the heart of the city. Urban areas appear gray and purple. The
patchwork of green, brown, tan and yellow around the city is primarily farm-
land. Note how the city has expanded in the years between 1987 and 2001,
reaching ever-further into the surrounding rural areas.



Santiago, the capital of Chile, is home to more than
one-third of the country’s total population of 15 mil-

l ] RBA l & REAS lion. Santiago’s rapid growth is part of a national trend,

but it is also a reflection of the large numbers of immi-

SANTIAGO CHILE grants who are moving into the city.
1




Downtown Santiago, Chile
Credit: Robb Campbell/UNEP/Earthshots

Santiago’s population growth has led to a horizontal expansion of the corporating previously rural areas into it. Characteristics of Santiago’s urban
city, principally towards the south and southeast. Chilean urban scholars sprawl are haphazard growth, low-density housing, poor transportation,
speak of this expansion as the “urban stain” that continually exceeds and and air pollution. In the time frame illustrated by these images, Santiago’s
expands the limits of the Metropolitan Region of Santiago (MRS) while in- population has nearly doubled.
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Sydney Opera House is one of the architectural
wonders of the world, with its design and construc-
tion involving countless innovative design ideas and
construction techniques.

Credit: DTCreations/UNEP/Morguefile
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Australia is the sixth largest country in the world. It
is roughly the same size as the conterminous United
RBA REAS States and 50 per cent larger than Europe. Yet Australia
has the lowest population density of any country in

SYDNEY, AUSTRALIA the world. With 4 million inhabitants, Sydney is
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Australia’s largest city. It is also the capital of New South Wales, the country’s the city’s expansion has been largely westward toward the Blue Mountains,
most densely populated state. Sydney is bounded by the Pacific Ocean to the as can be seen in these two satellite images. As suburbs sprawl into bushland,
east, national parks and deep-water inlets to the north and south, and the they become vulnerable to summer bush fires.

spectacular Blue Mountains far to the west. These natural boundaries have

influenced Sydney’s urban growth patterns. Over the past several decades,
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Mediterranean Sea

29 Mar 1989

In this image from 1989, urban areas have
replaced agricultural zones along the
coast. The results of center pivot irriga-
tion can be seen in the center of the im-
age, where dark green areas show progress
from a project called the “Great Man-Made
River,” which delivers water from under-
ground aquifers in central and southern
Libya to the coastal regions.
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Tripoli, the capital city of Libya, is located on the

country’s Mediterranean coast along a narrow band of
R BAI R EAS fertile lowlands that quickly give way to a vast interior
of arid, rocky plains and seas of sand. Tripoli has under-
TRIPOLI , LIBYA gone steady urban growth over the past thirty years.



i"

.
;‘_i

; o ou
-
& -
B :!‘. ;:I"?
TARTRRT A
__'. - | £ & a .
= :"_ g ?-r ’ 4
2 el i .
' o _.*
s 4 -~ 1‘ o
RO 8
rol m
L 3 | S B
£ _11:_ f__‘_:J'A_'
" '.-' .‘_. g
i ?zi -
. r
--Il+

- 'SaWant Bin.Adam’
- - -l’ e

¥ »l
— s B d .t.‘ g
e - A,
3 = ’
3 ‘r"- ] )
- e _.:} .
| L
1 N 0
* e -
Ty =4
'fn-
| §
- ="z
Pt |
4 #
[} ".d
' T
“ i
N
() A 10 5
EEee—— | Kilomeipes

These three satellite images, from 1976, 1989, and 2002, document some of
the major changes.

Urban areas appear as shades of grey. Darker patches south of the city, vis-
ible in both the 1976 and 1989 images, represent grasslands that have been

converted to agricultural fields. Bright green areas are planted croplands. In

) Tarablos (Tripolil = 15 e s

Mediterranean Sea

o5k
- e - Il'~.":"-]Ir‘: <
L= e

n

‘._;'::‘} s
S e e L N
S T R L G )
Ty ol i~ N e KA :
% ek :
- ¥ e : *-_:
. . i . . :o -rl_.‘ '
A ST S T T TR S,
s U e oY ol S '
A =
1 Lt
Y A
a 2
s P
I

12 Jan 2002

the 2002 image, urban expansion is especially notable. The irregular brown
patch in the upper far right of this image, south of Al Hamidiyan, is perhaps
the last remaining vestige of natural vegetation in the Tripoli region.
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3.8 Tundra and Polar Regions

f all the terrestrial biomes, tun-

dra is the coldest. Tundra comes

from the Finnish word tunturia,
which means treeless plain (Pullen 1996).
There are two distinct types of tundra: the
vast Arctic tundra and high-altitude alpine

tundra on mountains.

Arctic tundra is located in the Northern
Hemisphere on lands encircling the North
Pole and extending south to the conifer-
ous boreal forests of the taiga and covering
approximately 5.6 million km? (2 million
square miles) Wookey 2002). Arctic tundra
is characterized by cold, desert-like condi-
tions. Although somewhat variable from
place to place, precipitation on the Arctic
tundra, including melted snow, is roughly
15 to 25 cm (6 to 10 inches) annually. The
average winter temperature is -34° C (-30°
F); the average summer temperature is 3 to
12° C (37 to 54° F). Winters are long and
summers brief, with the growing season
only 50 to 60 days long. During summer,
only the top few centimeters of the soil

thaw. Beneath the surface is a layer of

permanently frozen subsoil called per-
mafrost. Because the topsoil is so shallow
and underlaid by permafrost, it becomes
quickly saturated with water. Lakes, ponds,
and bogs dot the surface of the Arctic tun-
dra throughout the brief summer months,
providing moisture for plants and

nesting and feeding habitats for huge
numbers of waterfowl and other

animals (Pullen 1996).

Alpine tundra is found on mountains
throughout the world, at high altitudes—
above the tree line—where conditions are
too cold and too dry for trees to grow. The
growing season in alpine tundra is approxi-
mately 180 days. Nighttime temperatures
are usually below freezing. Unlike soils in
the Arctic tundra, soils in alpine tundra are
usually well-drained (Pullen 1996). Alpine
tundra is also characterized by relatively
high biodiversity.

The Earth’s polar regions are high-lati-
tude zones above the Arctic Circle in the

Northern Hemisphere and the Antarctic

4

Circle in the Southern Hemisphere (EEA
n.d.). Although similar in many ways, the
two polar regions differ in that the Arctic
is a frozen ocean surrounded by land,
whereas the Antarctic is a frozen continent

surrounded by ocean.

Most of the world’s fresh water is
locked up in polar ice caps. Large glaciers
and ice sheets cover Arctic islands and
Greenland in the north and the conti-
nent of Antarctica in the south. Where ice
sheets and glaciers meet the ocean, huge
chunks of ice continually break off, in a
process known as calving, to give birth to
icebergs. Icebergs are found in both Arctic
and Antarctic polar oceans. In the north,
most icebergs are calved from ice sheets
along the western coast of Greenland. In
the south, the vast ice sheets and glaciers
that cover Antarctica give rise to icebergs

in polar seas.

The Earth’s tundra and polar regions
are unique and vital parts of the global

environment. They are the world’s least

Credit: Brendan C. Fri/UNEP/ Topfoto
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populated regions. Antarctica has no
permanent residents. The Arctic has ap-
proximately 3.7 million inhabitants from
eight countries. Sparsely populated and
relatively undisturbed, tundra and polar
regions therefore contain the world’s larg-
est remaining wilderness areas. They also
possess a surprising range of natural re-
sources, from marine life to oil and gas. Yet
despite their rugged appearance, tundra
and polar regions are fragile ecosystems
that are extremely sensitive to the effects
of resource exploitation. Managing these
regions and their resources effectively
places huge demands on both technical

and political capacities (SPRI n.d.).

Tundra and polar regions also ex-
ert a profound effect on global climate.
Variations in the extent of sea ice, for

example, affect the Earth’s surface radia-

tion balance by changing average surface
albedo(albedo is the fraction of sunlight
reflected). During the peak of the last
Ice Age, one-third of the Earth’s land
surface was covered by thick sheets of ice
that extended from polar regions toward
the equator. The high albedo of these ice
sheets reflected a great deal of sunlight
out into space, which cooled the Earth
and allowed the ice sheets to grow. Large
changes in sea ice extent are also thought
to influence deep-ocean convection and
global ocean currents (Jezek 1995).

Many climate and biogeochemical
studies indicate that carbon cycling in the
Arctic tundra and boreal forests strongly
influences global climate as well. Cold tun-
dra soils contain huge amounts of stored
organic carbon. They are known sinks for
atmospheric CO, through the accumula-
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Credit: Budd Christman/UNEP/NOAA

tion of peat, and are significant sources of
CHy, as a result of anaerobic decomposi-

tion (Christensen n.d.).

While tundra and polar regions play a
major role in shaping the Earth’s climate,
they also are highly sensitive ecosystems
that have the potential to be profoundly
affected by changes in the Earth’s climate
(NRDC 2004). Nearly all climate mod-
els indicate that environmental changes
brought about by global warming are
expected to be greater in tundra and polar
regions than for most other places on
Earth. In that respect, tundra and polar
regions form a sort of early warning system
for climate change and its effects on the
planet and its inhabitants. The monitoring
of high-latitude and high-altitude eco-
systems, then, represents a way to detect
early signs of regional and global climate
change. The advance or retreat of
glaciers, ice sheets, and sea ice has been
given particular attention by climate

change researchers.

A rapid warming trend in the Arctic
polar region over the last 25 years has
dramatically reduced the region’s sea ice.
Scientists have been monitoring ongoing
changes in Arctic sea ice for decades, both
firsthand through fieldwork and remotely
through the use of satellite imagery. In
2002, the extent of multi-year Arctic sea
ice was the lowest on record since satel-

lite observations began in 1973. There
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Case Study: Arctic Seas

The extent of Arctic sea ice in September—
the end of the summer melt period-is the
most valuable indicator of the state of the
ice cover. On average, sea ice in September
covers an area of about seven million km?,
an area roughtly equal in size to the conti-
nent of Australia.

In the images above, the Sea Ice Con-
centration Anomaly scale indicates the
per cent by which the local sea ice extent

Sep 2003

differs above or below the average for the
period 1979-2000. The median ice edge
for 1979-2000 is indicated by the black
outer line. In 2002, total September ice
extent was 15 per cent below this average.
This represents a reduction equivalent to
an area roughly twice the size of Texas or
Iraq. From caparisons with records prior to
the satellite era, this was probably the least
amount of sea ice that had covered the
Arctic over the past 50 years.
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Quite often, a “low” ice year is followed
by recovery the next year. However, Sep-
tember of 2003 was also extreme, with 12
per cent less ice extent than average. Cacu-
lations performed for 30 September 2004
show a sea ice extent loss of 13.4 per cent,
especially pronounced north of Alaska and
eastern Siberia. Source: NSIDC

was only slightly more sea ice present in
2003. According to one study, perennial
sea ice—sea ice that survives the summer
and remains year round—is melting at the
alarming rate of 9 per cent per decade
(NASA 2003d). If this trend continues,
Arctic sea ice may be gone by the

year 2100.

Researchers also documented tem-
perature increases in different regions
within and near the Arctic Circle, north
of 66°. Average temperatures increased
by 0.3°C (0.5°F) per decade over sea ice
and by 0.5°C (0.9°F) per decade over the
northernmost land areas of Europe and

Asia. Temperatures over northern North

America experienced the highest regional
warming, increasing by 1.06°C (1.9°F) per
decade. Greenland cooled by less than
one-tenth of a degree C per decade. The
cooling found over Greenland was mainly
at high elevations, while warming trends
were observed around its periphery. These

results are consistent with a National Snow

Pancake ice in the Ross Sea, Antarctica Source: Michael Van Woert/UNEP/NOAA




and Ice Data Center study that found

record loss of sea ice around Greenland’s
periphery in 2002 (NSIDC n.d.).

As sea ice melts, Arctic waters warm.
Less ice means more heat gain by polar wa-
ters, which creates a positive feedback lead-
ing to further ice melting and increased
warming. The loss of Arctic sea ice, and
the warming of Arctic polar waters, have
enormous implications for both regional
and global climate patterns. One major
concern is that the disappearance of Arctic
sea ice may cause changes in ocean circula-
tion leading to unexpected and rapid shifts
in climate worldwide (SPRI n.d.).

Over the past 30 years, Antarctic ice has
also undergone changes. Ice sheets and
glacier tongues are among the most dy-
namic and changeable features along the
coastal regions of Antarctica. Seaward of a
line where these masses of ice are ground-
ed, the floating ice margins are subject to
frequent and large calving events. These
events lead to annual and decadal changes
in the position of ice edge varying from

several to many kilometres.

Yet ice events are also occurring in

Antarctica that appear to be out of the or-

Ninpis Glacier =13

T 1000 Canadian Space Agoncy

Case Study: Ninnis Glacier, Antarctica
2000

To better understand the Antarctic Ice Sheet’s
potential response to global climate change
and its effect on global sea level, it is important
to detect and monitor the calving of large ice-
bergs. The series of images shown here depect
the 2000 disintegration of the Ninnis Glacier
tongue into two sections. Each image is a
sub-section of a SCANSAR scene of the Ninnis
Glacier Tongue region.

dinary. Along the Antarctic Peninsula, for
instance, the Wordie Ice Shelf has practi-
cally disappeared. In 2002, a section of the
Larsen B Ice Shelf collapsed—the largest

such event in the last 30 years.

In other parts of Antarctica, however,
ice cover has actually increased (UPI
2003). What is happening with the vast
West Antarctic ice sheet is not yet clear.
Some studies seem to indicate that it is get-
ting thicker (NCPPR n.d.). Other studies
indicate that this mammoth ice sheet is
shrinking in size. If the West Antarctic ice
sheet melts, global sea levels would rise by
many metres. Such a change would severe-
ly impact densely populated coastal regions
around the world, forcing people to move

to higher elevations.

Although the details may be still un-
clear, there is no doubt that the Earth’s
tundra and polar regions are undergoing
many changes. Some are related to climate
change and long-distance pollution. Some
are the result of on-site human activities.
On a positive note, many of the human-in-
duced environmental threats in the Arctic
have not yet occurred in the largely un-

populated Antarctic (Harrison and Pearce

Ninnis Gacier

O 2000 Canadiam Space Agrncy
Images courtesy of Dr. Rob Massom, Antarctic CRC © 2000 Canadian Space Agency

22 January 2000. This image captures the Nin-
nis Glacier Tongue region soon after the initial
calving. The resultant iceberg (sections A and
B) had an area of approximately 900 km? (347
square miles). NOTE: Purple dots indicate the
area where the iceberg broke away from the
glacier.

5 February 2000. Roughly two week after
calving, the iceberg split into two sections (A
and B). When this image was taken Berg A
had drifted 20 km (about 12.5 miles) to the
west, Berg B had drifted to the northeast, and
a smaller section (C) remained grounded in
front of the Ninnis Glacier.

Between 2000 and 2002, scientists observed the
formation of a crack in the Ward Hunt Ice Shelf
on the northern shore of Canada’s Ellesmere
Island. The crack allowed the waters of a rare
freshwater Arctic lake to empty into the Arctic
Ocean. Rising temperatures also brought about
the thinning of this 3,000-year-old shelf, which

is the Arctic’s largest. Credit: V. Sahanatien/UNEP/Parks
Canada

2001). Activities in Antarctica are carried
out under the Antarctic Treaty, a model of
international cooperation. In the Arctic,
the common needs of indigenous peoples
living in remote areas are addressed
through the Arctic Council and other
circumpolar institutions. Thus, the polar
regions offer hope that nations can cooper-
ate in addressing the changes taking places
in these and other parts of the

world (SPRI n.d).

€ 2000 E.lnldl.ln Space .lq:n:v

20 February 2000. At this point Bergs A and
B had almost totally separated, rotated coun-
terclockwise, and drifted to the north. Note
that both sections are now well away from the
Ninnis Glacier.

Source: USGS 1999; Schmidt 2000
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Case Study: Recession of
Gangotri Glacier
1780-2001

Gangotri Glacier is situated in the Uttar Kashi
District of Garhwal Himalaya, northern In-

dia. With its tributary glaciers, it is one of the
largest glaciers in the Himalayas. It has been
receding since 1780, although studies show

its retreat quickened after 1971. It is currently
30.2 km (18.8 miles) long and between 0.5

and 2.5 km (0.3 and 1.6 miles) wide. The blue
contour lines drawn in the image show the
recession of the glacier’s terminus over time.
They are approximate, especially for the earlier
years. Over the last 25 years, Gangotri Glacier
has retreated more than 850 m (2 788 ft) with
an accelerated recession of 76 m (249 ft) from
1996 to 1999 alone. The retreat is an alarming
sign of global warming, which will impact local
communities. Glaciers play an important role
in storing winter rainfall, regulating water sup-
ply through the year, reducing floods, shaping
landforms, and redistributing sediments. - ; 1
Source: NASA 2004 ' AP LR e
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Credit: NASA 2004

Mountain peak in the Himalayas Credit: Unknown/UNEP/Freefoto.com
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Huge icebergs are found in Antractica’s regions.
These icebergs influence the weather and climatic
conditions. It is believed that if these icebergs melt,

Case Study: Drygalski Ice Tongue
February 2005

The Drygalski ice tongue is located on the
Scott Coast, in the northern McMurdo Sound
of Antarctica’s Ross Dependency, 240 km (149
miles) north of Ross Island. It stretches 70 km
(43 miles) out to sea from the David Glacier,
reaching the sea from a valley in the Prince
Albert Mountains of Victoria Land.

The ice tongue was discovered in 1902 by
Robert Falcon Scott, and is thought to be at
least 4 000 years old.

This image, collected by the Advanced
Synthetic Aperture Radar on the European
Space Agency’s ENVISAT satellite, shows the
David Glacier on the 1 831-metre-high (6 007-
feet-high) Mt. Joyce. As ice piles on the glacier,
it slides under its own weight to the ocean.
The ice doesn’t break up when it reaches the
ocean; rather, it floats, forming a long tongue
of ice. The floating end of the David Glacier is
the Drygalski Ice Tongue.

This floating spit of ice was recently men-
aced by the B-15A iceberg, a 120-km-long
(74-mile-long) giant that had been drifting on
a collision course with the ice tongue before
becoming grounded. On 21 February 2005,
Drygalski calved an iceberg. The five-by-ten-km
(three-by-six mile) iceberg was floating off the
left side of the ice tongue on 22 February when
this image was acquired. The event is a normal

the sea levels will rise significantly. The study of the sensored remote sensing data are used in monitoring
state of icebergs and their behaviors are very impor-  the state of icebergs. Credit: Michael Van
tant aspects of climae change research. Today, multi-  yypert/UNEP/NOAA

22 Feb 2005

Credit: European Space Agency—ESA
part of the evolution of the ice tongue—pieces  currents, which become more numerous to-
regularly break from the tongue as the glacier =~ wards the end of the tongue.
pushes more ice out over the sea. This image Source: NASA 2005, WIKIPEDIA
shows cracks, formed by time and ocean
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Credit: Olga Tutubalina/UNEP

Mount Dzhimarai-Khokh, elevation 4 780 metres

(15 682 feet), towers above the Kolka Cirque. Rock
and ice falling from the steep walls of the cirque since
the end of July 2002, eventually triggered the collapse
of the Kolka Glacier.

Case Study: Collapse of the Kolka Glacier
20 September 2002

Rebecca Lindsey, Olga Tutubalina, Dmitry
Petrakov, Sergey Chernomorets

Running east to west across the narrow
isthmus of land between the Caspian Sea
to the east and the Black Sea to the west,
the Caucasus Mountains make a physical
barricade between southern Russia to the
north and the countries of Georgia and
Azerbaijan to the south. In their center,

a series of 5 000-metre-plus (16 000-feet-
plus) summits stretch between two extinct
volcanic giants: Mt. Elbrus at the western
limit and Mt. Kazbek at the eastern. On the
lower slopes, snow disappears in July and
returns again in October. On the summit,
winter is permanent. Glaciers cover peaks
and steep-walled basins

called cirques. The remote, sparsely
populated area is popular with tourists
and backpackers.

Elevations reach 5 642 metres (18 511
feet), and glaciers accumulate from heavy
snowfall in the steep mountain valleys.
Around Mount Kazbek, a dormant volcano,
glaciers intermittently collapse, burying
the landscape below under rock and ice.
The latest of such collapses happened in
2002. Rebecca Lindsey, science writer with
NASA’s Earth Observatory, in close collabo-
ration with Russian scientists Olga Tutubali-
na, Dmitry Petrakov (Moscow State Univer-
sity), and Sergey Chernomorets (University
Centre for Engineering Geodynamics and
Monitoring) compiled the details of
this event.

On the evening of 20 September 2002,
in a cirque just west of Mt. Kazbek, chunks

_ M. Kozbek
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of rock and hanging glacier on the north
face of Mt. Dzhimarai-Khokh tumbled onto
the Kolka glacier below. Kolka shattered,
setting off a massive avalanche of ice, snow,
and rocks that poured into the Genaldon
River valley. Hurtling downriver nearly 13
km (8 miles), the avalanche exploded into
the Karmadon Depression, a small bowl

of land between two mountain ridges, and
swallowed the village of Nizhniy Karmadon
and several other settlements.

At the northern end of the depression,
the churning mass of debris reached a
choke point: the Gates of Karmadon, the
narrow entrance to a steep-walled gorge.
Gigantic blocks of ice and rock jammed
into the narrow slot, and water and mud
sluiced through. Trapped by the blockage,
avalanche debris crashed like waves against
the mountains and then finally cemented
into a towering dam of dirty ice and rock,
creating lakes upstream. At least 125
people were lost beneath the ice.

The Kolka Glacier collapse partially
filled the Karmadon Depression with ice,
mud, and rocks, destroying much of the
village of Karmadon. The debris swept in
through the Genaldon River Valley and
backed up at the entrance to a narrow
gorge. The debris acted as a dam, creating

lakes upstream. Boulders, pebbles, and
mud covered the surface of the debris flow,
resulting in treacherous footing. The path-
less maze of debris was only one of many
hazards that slowed exploration of the
disaster area.

Scratches on the surface of rocks of the
Maili Glacier’s moraine show the violence
of the event. The avalanche, moving up
to 180 kilometres per hour (112 mph),
scoured the rocks below, leaving parallel
grooves called “striations.” Striations are
typically observed in the bedrock underly-
ing glaciers, created by the slow, scouring
action of rocks caught beneath the ice.

Large-scale avalanches and glacial col-
lapses are not uncommon on the slopes
of Mount Kazbek and nearby peaks. The
Kolka Glacier collapsed in 1902, surged
in 1969, and collapsed again in 2002.
Evidence, including historical accounts,
indicates similar events have happened in
neighboring valleys as well.

After the collapse, people speculated
that something called a glacial surge had
triggered the Kolka collapse. In 1902, a
more significant collapse at Kolka Glacier
killed 32 people. Despite a history of disas-
ters there, routine monitoring of the Kolka
Glacier cirque ended in the late 1980s.

t 2003
>~

This sequence of images from the Indian Remote Sensing (IRS) satellites showed that the lakes (except Lake
Saniba) were draining gradually through crevasses in the ice mass, and were not likely to cause subsequent

catastrophic floods. Credit: IRS




The rapidly rising water was a continuing
danger, threatening a sudden outburst that
would cause flooding downstream.

Russian researchers evaluated the risk
of future danger at the disaster site using a
time-series of satellite images collected in
the year following the disaster. Satellite im-
agery was crucial throughout the late fall
and winter of 2002 and 2003, when dan-
gerous weather prevented on-site observa-
tions of the ice-dammed lakes.

Russian scientists combined satellite
data with ground observations to create
maps of the Kolka Glacier Cirque. The
IRS Satellite image (acquired 11 July
2003) shows details of the cirque, includ-
ing scars caused by post-collapse rockfall,

a large remnant of the Kolka Glacier, ice
cliffs high above the floor of the cirque,
displaced porous ice, the Maili Glacier, a
temporary lake, and deposits of rubble left
along the path of the collapsing glacier.
There is uncertainty also about what
triggered the collapse of rocks and hang-
ing glaciers on Mount Dzhimarai-Khokh.
Two small earthquakes jarred the region in
the months before the collapse, probably
destabilized the hanging glaciers. In the
first days after the collapse, an Emercom
(Russian Emergencies Ministry) crew flew
to the site via helicopter, but was forced to
evacuate immediately when the crew de-
tected an overpowering smell of sulfur-con-
taining gas. It seems there may be some

Credit: Sergey Chernomorets/UNEP

fumaroles—volcanic vents—on the face of
Mount Dzhimarai-Khokh in the area where
the hanging glacier collapsed.

Based on the available data and obser-
vations, the scientists say they don’t expect
any additional catastrophic processes with-
in the next 10 to 20 years. The remaining
lakes will likely continue to drain through
crevasses and channels being cut through
the ice mass, and as they drain, the risk of
flooding decreases.

Published 9 September 2004
Source: http://earthobservatory.nasa.gov/Study/Kolka/
kolka. html

Credit: Digital Globe

The area covered by ice and debris dwarfed the
hamlet of Karmadon, and the Genaldon River
disappeared completely. (The outline corre-
sponds to the detailed image above.)

Credit: Olga Tutubalina, Dmitry Petrakov, Sergey Chernomorets/UNEP
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Case Study: Arctic Sea Ice

In September 2003, scientists from the United
States and Canada announced that the larg-
estice shelf in the Arctic had broken up. The
Ward Hunt ice shelf to the north of Canada’s
Ellesmere Island split into two main parts, with
other large blocks of ice also pulling away from
the main sections.

The edg-e of the pack ice Source: NOAA
Source: Michael Van Woert/UNEP/NOAA

Evidence continues to emerge that average
temperatures in the Arctic are rising even more
rapidly than the global average. Satellite data
indicate that the rate of surface temperature
increase over the last 20 years was eight times
the global average over the last 100 years
(Comiso 2003).
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Studies report that the extent of Arctic sea
ice has shrunk by 7.4 per cent over the past 25
years, with record-low coverage in September
2002 (Johannessen et al. 2003). An analysis of
30 years of satellite data suggests that the loss of
Arctic sea ice is also accelerating (Cavalieri et
al. 2003). There are projections that much of

the sea ice, until now thought to be permanent,
will melt during the summer by the end of this
century if the current trend in global warming
continues. This will have major direct impacts
on indigenous people and Arctic wildlife such
as polar bears and seals, and will also open

the region to increased development pressure

Credit: Gyde Lund/UNEP

as access by sea to valuable natural resources
becomes easier. The global impacts may also be
significant as absorption of solar radiation in-
creases, and could lead to changes in the world
ocean circulation (UCL 2003; NASA 2003;
Laxon et al. 2003).

Source: GEO Year Book 2003

These images reveal dramatic changes in Arctic sea ice since 1979. The loss
of Arctic sea ice may be caused by rising Arctic temperatures that result from
greenhouse gas build-up in the atmosphere and resulting global warning.
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During much of the 20th century, Iceland’s Breidam-
erkurjokull Glacier has been shrinking. It has been
studied extensively since 1903, when researchers drew
up detailed maps that showed its base just a few
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hundred metres from the ocean edge. Over time, the glacier has receded so In this pair of satellite images, notice how the glacier has receded and the
that its base is now several kilometers from the coast. As the huge river of glacial lake at its tip has enlarged over time. Some researchers attribute the
ice has pulled back across the Icelandic landscape, thousands of hectares of shrinking of Breidamerkurjokull to climate change and global warming. Other

fertile farmland have been exposed and people are populating the area that  scientists maintain that the glacier is simply retreating from the advance it
was until relatively recently buried under tonnes of ice. made during the Little Ice Age.
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An ice shelf is a huge sheet of ice that is
grounded on land but has an extension that
U N D RA reaches out into the ocean. Antarctica has two
4 great ice shelves: the Ross Ice Shelf near the
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the Antarctic Peninsula. By volume, the Filchner Ice Shelf is the largest
ice shelf on the planet.

In the austral winter of 1986, the front edge of the Filchner Ice
Shelf broke off into the ocean, forming three enormous icebergs

named A22, A23, and A24 by glaciologists. Soon after this calving
event, all three icebergs ran aground on the shallow sea floor just off

L]

C E S H E L F

10 Nov 1986

shore. In early 1990, however, A24 broke free and moved out into the
open waters of the Weddell Sea, and finally, in 1991, into the southern
Atlantic Ocean. In the 1986 image above, notice how the break line
created when the icebergs calved has filled with sea ice. Sea ice does
not contain the flow lines that are apparent in the glacial ice of the

shelf that lies behind the break line.
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Hubbard Glacier, located at St. Elian National
Park near Yakutat, Alaska, is the largest calving

I l | l \I D RA glacier in North America. It is currently increas-

ing in total mass and advancing across

HUBBARD GLACIE R, UNITE D STATES the entrance of 56-km-long (35-mile-long)

74 Russell Fjord.
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These photographs show an enlarged eastward-looking view of a small section of the Hubbard Glacier
terminus and the evolution of the “squeeze-push” moraine in front of Gilbert Point that blocked the tidal
exchange between Disenchantment Bay (bottom of photos) and Russell Fiord (top of photos), creating Rus-
sell Lake which rose to 18.6 metres (61 feet) above sea level over 216 months before it finally outburst on 14
August 2002, creating the second largest glacial lake outburst worldwide in historical times.
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These images show the potential environmental disruption thata  ice dam eventually broke later that year, the water level of Russell
fast glacial flow is capable of producing. In 1986, the Hubbard Gla- Fjord had risen by 25 m (82 ft). The images show the Hubbard Glacier
cier blocked the Russell Fjord, endangering seals and porpoises by and surrounding area at various stages before, during, and after the
producing freshwater runoff that reduced the salinity of that body formation of the ice dam.

of water. Rising water levels also became a concern. By the time the



Credit: Christian Lambrechis/UNEP/UNEP-GRID Nairobi

Mt. Kilimanjaro, Africa’s highest mountain, is
located 300 km (186 miles) south of the equator
in Tanzania. A forest belt that spans between
1600 m (5 249 ft) and 3100 m (10 171 ft) sur-
rounds it. The forest has a rich diversity of eco-
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systems, particularly of vegetation types that result mainly from the
large range in altitude and rainfall of about 700 to 3 000 mm/yr (28
to 118 in/yr). It hosts a very large diversity of species, with about 140
mammal species and over 900 plant species. But of greater concern
are the glaciers atop the mountain. In 1976, glaciers covered most
of the summit of Mt. Kilimanjaro. By 2000, the glaciers had receded
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alarmingly. An estimated 82 per cent of the icecap that crowned the
mountain when it was first thoroughly surveyed in 1912 is now gone,
and the remaining ice is thinning as well—by as much as a metre per
year in one area. According to some projections, if recession con-
tinues at the present rate, the majority of the remaining glaciers on
Kilimanjaro could vanish in the next 15 years.
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(1 004 square miles) in the region. North Slope oil fields now include  ment plants, and power plants. These satellite images document the
3 893 exploratory and producing wells, 170 production and explor- dramatic changes that the Prudhoe Bay region has undergone over
atory drill pads, 800 km (497 miles) of roads, 1 769 km (1 099 miles) the past 35 years.

of trunk and feeder pipelines, two refineries, several airports, and a

collection of production and gas processing facilities, seawater treat-
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Major Earthquakes, 1995-2004
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Major Earthquakes, 1995-2004
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The sole 9.0 earthquake shown is the
Northern Sumatra earthquake of December 26, 2004.




This QuickBird satellite image of Mt. Etna was col-
lected on 27 October 2002. This image shows the
volcano as it continued to rage four days after it
began erupting. Visible in the far lower-right corner
of the image is the nearby town of Zafferana Etna.
Source: UNEP/DigitalGlobe




Natural and Human-induced
Extreme Events

xtreme events, whether natural or

human-induced, can cause signifi-

cant environmental change, not to
mention their impacts on peoples’ lives.
But many types of natural hazards are also
exacerbated by environmental degradation
caused by humans. The examples illustrat-
ed by the pictures and stories in this chap-
ter highlight the links between population
growth and distribution, environmental
damage, and natural disasters. They under-
score the need to protect the natural en-
vironment of this, our only planet, and to
strengthen its capacity to resist the impact

of both increasing numbers of people and
destructive natural events.

Extreme environmental events, or
“natural” disasters, have generally been
regarded as unpredictable and uncontrol-
lable “acts of God.” Increasingly, however,
it is becoming clear that human activity can
aggravate natural events. With a growing
population, more people living in hazard-
prone regions, and increased environmen-
tal degradation, the intensity, frequency,
and impacts of natural hazards are also
heightened. As forests are cut down,
wetlands built over, and coral reefs disap-

pear, for example, these ecosystems can
no longer function as protective controls
on the forces and impacts of hurricanes,
floods, and tidal waves. Both the poor,
sometimes pushed into vulnerable regions
by economic and political forces, and the
wealthy, who build expensive homes where
they wish, move into disaster prone areas
and are affected when natural events occur.
With stricter building codes and generally
less densely populated settlements, fewer
deaths occur in developed nations than
they do in developing countries, where
these events cause very large numbers of

Tornado. Credit: Unknown/UNEP/NOAA
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casualties and homelessness. Financial
losses are easier to measure in developed
countries; while the economic ramifica-
tions in developing nations may be exten-
sive, they are more difficult to calculate.
Finally, global climate change resulting
from human activity is expected to increase
the intensity, frequency, and impacts of
weather-related “natural” hazards (UN/
ISDR 2004).

Many countries are now engaged in
disaster risk reduction and this activity is
likely to increase in the wake of the Asian
tsunami of 26 December 2004. The scientif-
ic community is making efforts to monitor
numerous parametres related to hazard-
ous events. By studying and understanding
past events and monitoring on-going ones,

Number of people affected due to various
disasters between 1995-2003

Drought

Earthquake

Figure 4.1: The number of people affected as a
result of different types of natural hazards between
1995 — 2003. Floods were the most destructive haz-
ard, followed by droughts, cyclone/hurricane/
typhoons and earthquakes. Source: UN/ISDR 2004

we can glean information that will help to
minimize the risk of disaster. While most
natural hazards are inevitable, disasters
are not (UN/ISDR 2004). Satellite imag-

ery, aerial photography and Geographic
Information Systems (GIS) technology
are important tools in monitoring and in
providing early warning information about
these natural hazards and the impacts
they may have so that preventive measures
can be taken against impending disasters
(UN/ISDR 2004). This chapter includes
case studies based on remote sensing data,
providing visual examples of each type of
extreme event discussed.

Extreme events are hazards that occur
as consequences of the impacts of natural
or a human-induced hazard. In this pub-
lication, extreme events are divided into
three categories:

® Geo-hazards: volcanoes, earthquakes,
tsunamis, landslides/mudslides;

¢ Climatic hazards: floods, drought, hur-
ricanes, tropical cyclones, tornadoes,
ice storms;

¢ Industrial hazards: oil spills, nuclear,
and industrial accidents.

All of these events can expose people
and ecosystems to danger. Proportionally,
they tend to hurt the poor most of all.
This is because the poor outnumber the
rich and live in greater density in more
poorly built housing on land most at risk.
They also have fewer resources and capac-
ity to prevent or cope with the impacts
(UNEP 2002a). The number of disasters
has increased more than four-fold since
the 1960s, from an average of 44 disas-
ters a year to an average of 181 disasters a
year by the 1990s. Although some of this
increase may be due to improved report-
ing of events, it is likely that the number,
severity, and frequency of natural disasters

Lightning Credit: Unknown/UNEP/NOAA

is increasing. In addition to improved
reporting, the substantial growth in world
population and the increasing vulnerability
of marginal groups is a significant factor in
the growth of natural disasters (Kasperson
etal. 2001).

Since 1900, natural hazards have caused
over 50 million deaths. Between 1995 and
2003, they affected 6 000 million people
(some 2 500 million in Asia alone) and
caused over 6 million deaths. Floods af-
fect by far the most people (Figure 4.1).
While the number of disasters appears to
be increasing, the number of fatalities is
declining. This fact may be attributed to
improved forecasting, better preparedness,
and quicker response to disasters. On the
other hand, the number of persons af-
fected has increased. This is not surprising,
given the rapidly growing populations of
most developing countries and the millions
of people who depend directly on the natu-
ral resources in their immediate environ-
ments to sustain their livelihoods. When
these resources disappear or are degraded
in floods, earthquakes, tsunamis, and other
disasters, the economies of families and
whole communities are devastated.

Economic losses from natural disas-
ters have also increased over the past 50
years. Part of this upward trend is linked to
socioeconomic factors, such as population
growth in, and migration to, large cities in
vulnerable areas, and the increased wealth
of some populations that choose to live
in hazard-prone areas. Another factor is
linked to climate change, such as changes
in precipitation and flooding events
that destroy property and businesses
(OWF n.d.).



4.1 Geo-hazards

Volcanoes

A volcano is a vent in the surface of the
Earth through which magma and associ-
ated gases and ash erupt; also, the word
refers to the form or structure (usually
conical) that is produced by the ejected
material (UND n.d.). Volcanic eruptions
are among the most impressive natural
disasters, due to their unpredictable na-
ture, which includes flying debris, streams
of molten lava, emissions of toxic gases,
seismic effects, and the many impacts these
have on the people, animals, and plants in
their way.

About 550 volcanoes have erupted in
the Earth’s recorded history and an equiva-
lent number of dormant volcanoes have
only erupted in the past 10 000 years. Both
dormant and “active” volcanoes have the
potential to erupt again. On any given day,
about ten volcanoes are actively erupting
(Camp 2000). Explosive eruptions give lit-
tle warning, while effusive eruptions, which
send out gently flowing lava, allow time for
people to escape (Francis 1993).

Of all natural hazards, volcanic erup-
tions and earthquakes are the least exac-
erbated by human activity. These powerful

events fit more neatly into the definition of

truly “natural” disasters. Nevertheless, hu-
man activity can increase the risk of dam-
age caused by such events. For example,
volcanic regions are attractive sites because
the soils are fertile and they provide valu-
able minerals, water reservoirs, geothermal
resources, and scenic beauty. People be-
come more vulnerable when they settle too
close to active volcanoes. Poor people may
move closer to these potentially dangerous
sites as their populations grow and or when
they have no access to other land. Out of
necessity, they may cut trees on volcano
slopes, increasing the danger from lava
flows when they happen (Benson 2002).

A massive volcanic explosion can have
important environmental consequences
also, due to the blast of huge clouds of ash,
dust, and gases into the atmosphere. Volca-
nic debris in the lower atmosphere falls out
or is rained out within days. Volcanic gas
can be directly harmful to humans, ani-
mals, plants, agricultural crops, and prop-
erty. The most common consequence is
the movement of large numbers of people
fleeing the lava flow.

Environmentally, the hazards from
volcanic gases are most severe in the areas
immediately surrounding volcanoes,
especially on volcano flanks downwind of

active vents and fumaroles. These hazards
can persist for long distances downwind,
however, following large eruptions, or from
volcanoes erupting gas-rich magma (Mc-
Gee et al. 1997). The resulting veil of pol-
lution in the upper atmosphere can have
long-term and geographically extensive
impacts on climate. Such pollution is in the
stratosphere and may remain for several
years, gradually spreading to cover much
of the globe. The particles reflect energy
from the sun back into space, preventing
some of the sun’s rays from heating the
Earth, thus reducing global warming. The
Mount Pinatubo eruption of 1991 was such
a case. An individual eruption may gener-
ate global cooling amounting to two or
three tenths of a degree Celsius with effects
lasting for a year or two (Kelly 2000; Santer
et al. 2001). Millions of tonnes of sulfur di-
oxide gas may reach the upper atmosphere
where it transforms into tiny particles of
sulfuric acid, known as aerosols, that can
lead to acid rain (Kelly 2000; CSIRO 2002).
Major eruptions have not been common
this past century, occurring once every ten
to twenty years, so the long-term influence
has been slight (Kelly 2000).

Volcano Credit: HVO /UNEP/USGS




Case Study: Kilauea Volcano
Eruption, Kalapana, Hawaii
1983-1991

An example of the kind of damage
wrought by volcanoes is the eruption
of Kilauea Volcano in Hawaii.
Between 1983 and 1990, erupting
lava repeatedly invaded communities
along the southern coast of the Big
Island of Hawaii, destroying more
than 180 homes, a visitor center in
Hawaii Volcanoes National Park,
highways, and treasured historical
and archaeological sites.

Source: USGS 2000; USGS 2002

Credit: |.P. Eaton/UNEP/USGS
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These photos show the ecological effects of the erup- ridge between the orchard and the fountain in the pho-

Maps of lava-flow field from the Pu'u "O’o
and Kupaianaha vents of Kilauea Volcano,
Hawaii, January 1983 - January 1991

Orange colour shows areas covered by lava

erupted from Pu'u O o between January
1983 and June 1986. Red colour shows

areas covered by lava erupted from Kupaia-  ¢op, including defoliated papaya plants in an orchard  to on the right was formed by the advancing ‘a’a flow
naha betw§6n July and October 1986. at the north edge of the Saefuji orchid farm. The (an Hawaiian term for a type of lava flow that leaves
Photos by J.P: Eaton. Source: hitp://hvo.wr.usgs.gov/ leaves have been abraded and sheared off by falling rough-edged, porous lava). Photos by J.P. Eaton/UNEP/USGS

kilauea/history/1990Kalapana/#heart pumice from the lava fountain in the background. The Source: hitp://hvo.wr.usgs.gov/kilavea/history/1960Jan13

e | W Sy i

January 1983 - December 1989 January 1983 - January 1991

23 April 1990 6 June 1990 13 June 1990
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Case Study: Eruption of
Mount St. Helens
18 May 1980

Mount St. Helens is located in the state of
Washington on the west coast of the United
States. It is part of the Cascade Range, which

is dominated by periodically active volcanic
peaks. For most of the 20th century, the snow-
covered mountain was known for its quiet
beauty, until on 18 May 1980, the top 420 m

(1 300 ft) disappeared within minutes. The
blast leveled 400 km? (249 square miles) of
forest, formed a deep horseshoe crater, and
sent thousands of tonnes of ash into the upper
atmosphere. A major debris flow filled a valley
along 24 km (15 miles). Sixty-two people were
dead or missing. This eruption of Mount St.
Helens was the most destructive in the history
of the United States, with total economic losses
estimated at US$1.2 billion (NGDC 2004).

Growth of the new lava dome inside the
crater of Mount St. Helens continues, accom-
panied by low rates of seismicity, low emissions
of steam and volcanic gases, and minor pro-
duction of ash (USGS 1999). Lessons learned
from this and other volcanic activity in the Cas-
cade Range will be invaluable to scientists for
predicting such events and anticipating their
ecological impacts (UNEP 2003).

Mount St. Helens and the devastated area is now within the Mount St. Helens National Volcanic Monument,
under jurisdiction of the United States Forest Service. Visitor centers, interpretive areas, and trails are be-
ing established as thousands of tourists, students, and scientists visit the monument daily. Mount St. Helens
is once again considered to be one of the most beautiful and interesting of the Cascade volcanic peaks.
Credit: Photograph taken on May 19, 1982. Lyn Topinka/UNEP/USGS Source: Poland 2002

4 Oct 2004 Ay 9 Mar 2005,

Credit: Space Imaging Credit: Space Imaging 293
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Earthquakes and
Tsunamis

Earthquake refers to volcanic or magmatic
activity or other sudden stress changes in
the earth. The term is used to describe
both a sudden slip on a fault and the
resulting ground shaking and radiated
seismic energy caused by the slip (USGS
2002).

Earthquake impacts are many and var-
ied, ranging from minor structural damage
in a few buildings to complete devastation
over huge areas. The most powerful earth-
quakes are capable of annihilating major
urban centers and severely disrupting the

Table 4.1 — Five largest earthquakes in the world since 1900

Year Magnitude Country

1960 9.5 Chile

1964 9.2 Prince William Sound, Alaska
1957 9.1 Andreanof Islands, Alaska
1952 9.0 Kamchatka

2004 9.0 Banda Aceh, Indonesia

Source: NEIC 2004, hittp://neic.usgs.gov/neis/eqlists/10maps_world. html
December 30, 2004.

social and economic fabric of nations. For
example, the Kobe Earthquake of 1995
resulted in over 6 000 deaths and estimates
of repair costs in the range of US$95 bil-
lion to US$147 billion (EQE 1995).

A tsunami (soo-NAH-mee) is a series
of extremely long traveling ocean waves
generated primarily by underwater ground
displacement due to an earthquake or vol-
canic eruption. In the deep ocean, tsunami
waves propagate at speeds exceeding 800
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km/h (500 mph). Here, the wave height
is only a few tenths of metres(<1 foot ) or
less. Tsunamis differ from ordinary ocean
waves because of the great distance and
time between wave crests, which are often
separated geographically by more than
100 km (60 miles) in the deep ocean and
in time by 10 minutes to an hour. As they
reach the shallow waters of the coast, the
waves slow down and the water can pile up
into a wall of destruction. The effect can be
amplified where a bay, harbor, or lagoon
funnels the wave as it moves inland. Large
tsunamis have been known to rise over 30
m (100 ft). Even a tsunami 3—6 m (10-20
ft) high can be very destructive and cause
many deaths and injuries.

Table 4.1 shows the five largest earth-
quakes since 1900 as measured on the
Richter scale. Although it is the fifth larg-
est, the Banda Aceh earthquake-tsunami
that originated in Indonesia on 26 Decem-
ber 2004 affected two continents and led to
the largest number of deaths.

According to long-term records (since
about 1900), we can expect about 18 major
earthquakes (7.0 - 7.9 on the Richter scale)
and one great earthquake (8.0 or above)
in any given year (NEIC 2003). The U.S.
Geological Survey, however, estimates
that several million earthquakes occur in
the world each year. Many go undetected
because they occur in remote areas or
have very small magnitudes. The National
Earthquake Information Center (NEIC)
now locates about 50 earthquakes each day,
or about 20 000 a year (NEIC 2004). An
increase in the number of seismograph sta-
tions and the more timely receipt of data

Earthquake destruction Credit: News Photo / UNEP/FEMA

has allowed scientists to locate earthquakes
more rapidly and to detect ever-smaller
seismic events (NEIC 2003).

The number of earthquakes and tsuna-
mis resulting in fatalities has increased ap-
proximately in proportion to global popu-
lations, and although a decreasing fraction
of the global population has been killed by
earthquakes in the 20th century compared
to past centuries, seismic risk in certain re-
gions has increased substantially. The cause
of the apparent paradox lies in the growth
of urban agglomerations where most of the
world’s growing population will live, and
the location of many of these cities near
plate boundaries where earthquakes occur
quasi-periodically (Bilham 1995).

The growth of giant urban cities near
regions of known seismic hazard is a new
experiment for life on the Earth. With
few exceptions, recent large earthquakes
(M>7.5) have spared the world’s major
urban centers. This will not persist indefi-
nitely. The recurrence interval for damag-
ing earthquakes varies from 30 years to
3 000 years; if population densities remain
high in the 21st century, several megacities
will be damaged by significant earthquakes
(Bilham 1995).

Tsunamis are a threat to life and prop-
erty for all coastal residents. There has
been massive migration to coastal areas,
and today, more than half the world’s
population lives close to the sea (Global
Oceans 1999). This has caused the rapid
degradation of these areas. As protective
natural features, such as coral reefs and
mangroves, are removed by human de-
velopment for tourist hotels and shrimp



Case Study: Bhuj Earthquake, India
26 January 2001

R. P. Singh, S. Bhoi, A. K. Sahoo

The magitude 7.6 Bhuj earthquake that shook
the Indian Province of Gujarat on the morn-
ing of 26 January 2001 was one of the two most
deadly earthquakes to strike India in its record-
ed history. One month after the earthquake the
death toll had reached 19 727, and the number
of injured reached 166 000 with at least

600 000 people left homeless. Government esti-
mates placed direct economic losses at US$1.3
billion. Other estimates indicate losses were as
high as US$5 billion. The earthquake brought
significant changes to the land and surround-
ing ocean water bodies.

The images above show changes in chlo-
rophyll concentration prior to and after the
earthquake. High concentrations of chloro-
phyll, together with high ocean surface tem-
perature, are favorable conditions for catching
fish. The significant increase in the fish caught
in February around the Gujarat coast after the
earthquake was found to be double that of the
normal February fish catch. Source: Singh et al. 2002

Chlorophyll Concentration

Pre (18 Jan 2001)

26 January 2001. Credit: Ramesh P. Singh/UNEP/Indian
Institute of Technology, Kanpur

Post (26 Jan 2001)

A big tentional crack (approximately 30 cm deep)

in a nearby field on Bhuj, Khewda. Salt water had
come up to the surface through the crack due to
liquefaction. Credit: Ramesh P. Singh/UNEP/Indian Institute
of Technology, Kanpur

acquaculture farms, for example, so the
shoreline becomes increasingly vulnerable
to the impacts of wave action and potential
tsunamis. Coastal areas are also increas-
ingly at risk due to the effects of burning
of fossil fuels; climate change threatens to
trigger more powerful storms and raise sea
levels, exposing coasts to erosion (Doyle

2004). Global warming, poorly planned
coastal development, and other threats
over which humans have some control are
weakening the coast’s ecological defenses
against natural disasters.

Of course, tsunamis can cause immea-
surable damage to marine and terrestrial
ecosystems, including coral reefs, man-

groves, and forests. This in turn affects
the livelihoods of coastal populations who
depend directly on natural resources such
as fish, food from household gardens, and
forest products.

Case Study: Dust Storms Over China
March and April 2002

Dust storms are increasing globally with far-
reaching consequences for the environment
and human health. Severe dust storms can
reduce visibility to zero, making travel impos-
sible, and can blow away valuable topsoil, while
depositing soil in places where it may not be
wanted. Drought and, of course, wind contrib-

ute to the emergence of dust storms, as do poor

farming and grazing practices. The dust picked
up in such a storm can be carried thousands
of kilometres.

This pair of images, acquired 16 days apart,
covers the Liaoning region of China and parts
of northern and western Korea. They contrast
a relatively clear day (23 March 2002) with one

in which the skies were extremely dusty (8 April

2002). In the later view (right image), the dust
obscures most of the surface, although the
Liaodong peninsula extending between the Bo
Hai Sea and Korea Bay is faintly visible at the
lower left. Wave features are apparent within
the dust layer.

Storms such as this transport mineral dust
from the deserts of China and Mongolia over
great distances, and pollution from agriculture,
industry and power generation is also carried
aloft. Thick clouds of dust block substantial
amounts of incoming sunlight, which in turn
can influence marine phytoplankton
production and have a cooling effect on

regional climates. Source: NASA n.d.; Planetary Photo
Journal; Wikipedia n.d.; Vince 2004.

23 Mar 2002

Satellite images courtesy NASA/GSFC/LaRC/[PI, MISR Team

Credit: Unknown/UNEP/FAO
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Case Study: Indian Ocean Tsunami
26 December 2004

On 26 December 2004, an undersea earthquake
measuring 9.0 on the Richter scale took place in
the Indian Ocean, off the west coast of northern
Sumatra, Indonesia. It caused one of the deadli-
est disasters in recent times. Resulting tsunami
waves crashed into the coastlines of twelve
countries bordering the Indian Ocean, causing
massive losses in human life and infrastructure,
and damage to marine and terrestrial ecosys-
tems. It is estimated that the tsunami killed more
than 200 000 people, left up to 5 million in need
of basic services, and caused billions of dollars of
damage.

The effects of the disaster include mas-
sive changes in the physical environment. For
example, it is possible that the ocean depth in
parts of the Straits of Malacca, one of the world’s
busiest shipping channels off the coast of Suma-
tra, was reduced from about 1 200 m (4 000 feet) : y i
to perhaps only 30 m (98 ft), a depth that is too ' 9 j"'f
shallow for shipping (AP 2005). - & w18 Feb 2001

The island of Trinkat, part of the Nicobar Islands, India, appears to have been cut in half by the tsunami
with a new channel of water approximately 5 km (3 miles) long stretching from the settlement of Tapiyang
to a point on the opposite coast just west of Ol Ok Chuaka. Another channel has possibly been opened up
to the southeast of Takasem separating the large mangrove area from the inhabited northern end of the
island. The mangrove appears to be relatively intact though several inlets have been created in the east.
The extensive coral reefs visible along the west and east coasts of Trinkat before the tsunami are largely
obscured by large plumes of sediments presumably washed from the land. The coastline has retreated
along the east coast enlarging the lagoon. This scouring of terrestrial matter into the lagoon and onto the
reefs could have serious consequences for shallow water habitats if sediments settle for longer periods.
Source: UNOSAT

Photo take in ulmunai Kuddi on Sri Lanka’s east coa;f:
Credit: Unknown/UNEP/USGS

The city of Banda Aceh, Indonesia, suffered catastrophic damage as a result of the
tsunami that struck on 26 December 2004. These QuickBird Natural Colour images on
23 June 2000 and on 28 December 2004 (below) clearly show the city before the dev-
astation and the extent of the damage after the tsunami. Source: Digital Globe: hitp://www.
digitalglobe.com/images/tsunami/Banda_Aceh_Tsunami_Damage. pdf

23 June 2000
J\ b

-
onSrilanka’s ea
T Seeanr

CrulchBird Matursl T
Decarnber 36, 2004

CuichBird High O Hadir imags §
December 31, 2004

These images are of the southwestern coast of Sri Lanka, taken shortly
after the tsunami struck the coastline. The image dated 26 December
2004 was taken shortly after the shoreline was struck by the tsunami,
while the second image was taken after the ocean returned to normal.
Source: hitp://www.digitalglobe.com/images/tsunami/Sri_Lanka_Tsunami_Damage.

pdf




Case Study: Bam Earthquake
26 December 2003

Bam is located in the southeastern corner of Ker-
man province in Iran. Maintaining its position in
the middle of the southern trade route, this small,
fortified city on the outskirts of the vast Dasht-¢é-
Lut Desert is just 350 km (217 miles) west of Paki-
stan and 450 km (280 miles) north of the Persian
Gulf. Eighty-thousand people make their homes
within Bam’s boundaries.

A 6.6 magnitude earthquake struck southeast-
ern Iran on 26 December 2003, killing over 40 000
people, injuring 16 000, leaving 70 000 home-
less and destroying much of the city of Bam, the
earthquake’s epicenter. The quake destroyed the
ancient citadel of Arg-e-Bam, located on the his-
toric Silk Road and thought to be over 2 000 years
old. This citadel was said to be the largest mud
brick structural complex in the world. Apart from
the toll on human lives, the loss of this ancient site
represents an important cultural loss.

Although Iran is subject to frequent large
quakes, it does not have strong building codes and
buildings generally do not withstand the impact of
these events. As a result, casualties and damage are
much higher than might be expected from a simi-
lar quake elsewhere in the world (The Earthquake
Museum 2003). Source: NASA 2004e

' N

Credit: Unknown/UNEP/IIEES
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In a region famous for the scarcity of its water, Bam thrived with extensive [ Healthy Vegetation
palm groves and citrus gardens (see images above). Benefiting from sub-
terranean water reserves, surfacing through a number of several-km-long
water canals, Bam was essentially an agricultural city famous for, and a major
producer of, the very best date fruits in all of Iran. After the earthquake of
26 December 2003 that flattened the citadel and the mud-brick houses and
destroyed 85 per cent of the city’s buildings, just about the only things left
standing tall above the ruins of Bam were the mainstays of the local economy:
date palms. The date harvests that produced thousands of tonnes of dates
each year were left undamaged in plantation fields and house gardens, of-
fering hope for an agricultural-based recovery. Irrigation repairs have begun
and agriculturists are optimistic that future date harvests could be as large as
those before the earthquake. Source: USGS n.d.
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Credit: Unknown/UNEP/IIEES

297



mEe
Il
1l
i
Ul

Landslides and Mudslides

Worldwide, thousands of people die every year
from landslides and mudslides. In the United
Sates alone, they cause an estimated US$1 bil-
lion in damage and kill 25 to 50 people every
year. Earthquakes, volcanoes, and a number of
types of weather events can trigger landslides,
which are characterized by lethal mixtures of
water, rocks, and mud. The two largest land-
slides in the world in the 20th century occurred
at Mount St. Helens, Washington, in 1980 and
at Usoy, Tajikistan, in 1911. Although Mount

Case Study: Mudslides in California
6-11 January 2005

Many days of storms across California in Janu-
ary 2005 led to flooding, mudslides, and huge
snowfall totals. On 10 January, a landslide
struck the town of La Conchita in Ventura
County, destroying or seriously damaging 36
houses and killing ten people. It was not the
first destructive landslide in the area and future
landslides are likely to occur. The area is a nar-
row coastal strip of land between the shoreline
and a high bluff above which rises a terrace
covered by avocado and citrus orchards (Jibson
2005). Despite the landslide risk, a growing and
generally wealthy population has expanded
into fragile or risk-prone areas such as these in
California, often building expensive homes like
those destroyed in La Conchita. The popula-
tion of Ventura County, for example, grew

by five per cent in 2003, from 753 197 in

2000 to approximately 790 000 (US Census
Bureau 2004).

In the image at right, Multi-satellite Precipi-
tation Analysis (MPA) rainfall totals are shown
for the period 6-11 January 2005. The red
areas just off of the coast indicate the highest
totals of more than 225 mm (about 9 inches) of
rainfall. Sowrce: NASA 2005

St. Helens was the largest landslide recorded
in historic time, fewer than 60 people were
killed because most residents and visitors had
been evacuated. The Usoy landslide, also trig-
gered by an earthquake, moved 2.4 km? (1.5
cubic miles) of material and built a dam 573

m (1 880 feet) high (half again as high as the
Empire State Building) on the Murgob River in
Tajikistan; the dam still impounds a lake nearly
64 km (40 miles) long. This landslide took
place in a sparsely populated area and thus
caused few deaths (USGS 1999).

January & - 11, 2005

25 75

NASA Earth Observatory: hitp://earthobservatory.nasa.gov/
NaturalHazards/natwral_hazards_v2.php32img_id=12669
7 February 2005

Mudslide Credit: News Photo/UNEP/FEMA

The deadliest landslide this century was
also the result of an earthquake, which occured
in western Iran on 20 June 1990. It caused
40 000-50 000 deaths. One of the world’s
other major landslides includes the rock and
snow avalanche triggered by a magnitude 7.8
earthquake at Mount Huascaran, Peru, on 21
May 1970 that buried the towns of Yungay and
Ranrahirca, killing perhaps as many as 20 000
people (NASA 1999).

Rainfall Accumulation (mm)
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175 225




Case Study: Landslide Creates
Lake in Tibet
2004

Tibet is the major source of Asia’s great rivers.
It also has the Earth’s loftiest mountains, the
world’s most extensive and highest plateau, an-
cient forests, and many deep valleys untouched
by human disturbance.

In early summer of 2004, a landslide in the
Zaskar Mountains, a range of the Himalayas,
created a natural dam blocking the Pareechu
River in its course from the Tibet Autonomous
Region of China to the Himachal Pradesh State
of northern India. The dam is 35 km (22 miles)
from India’s border with China. The water is
slowly building behind the dam, creating an
artificial lake in the remote mountain region.
By 13 August, the lake had spread over 188
hectares and had reached a depth of 35 m (115
feet), with water levels rising daily.

The new dam and lake pose a threat to com-
munities downstream in northern India. Indian
and Chinese officials fear that the unstable dam
will burst, releasing a torrent of water on these
populated regions. The remoteness of the area
and the ruggedness of the terrain have preclud-
ed preventative measures that could control the
potential catastrophic release of water, although
people have been evacuated from villages in
both the Chinese and Indian parts of the region
(NASA 2004a).

These images show the area before the
landslide (top) and the growing lake following
the landslide (center and bottom) on 15 July
2004 and 1 September 2004. What previously
had been a river valley around the meandering
Pareechu River on has been entirely covered
with dark blue water.

Satellite images courtesy NASA/GSFC/MITI/ERSDAC/JAROS,
and U.S./Japan ASTER Science Team

Sowrce: Zhu Pingyi/UNEP/ICIMOD and RRC-AP
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4.2 Climatic Hazards

Climatic hazards include storms, floods,
heat waves, droughts, and ice storms. The
majority (two-thirds) of all natural disasters
are climate or weatherrelated, principally
through drought, flooding, and storms.
Furthermore, of all natural hazards, hu-
man activity affects weather-related haz-
ards the most. With a changing climate
influenced by the burning of fossil fuels,
extreme weather events are projected to in-
crease in frequency and/or severity during
the 21st century (IPCC 2001). Combined
with population growth and increased
settlement in risk-prone areas, the impacts
of such events on humans and ecosystems
will also increase.

A storm is a low pressure in the atmo-
sphere marked by wind and usually by rain,
snow, hail, sleet, or thunder and lightning.
One of the most violent and destructive is
the cyclone or hurricane.

A tropical cyclone is a large-scale closed
circulation system in the atmosphere above
the ocean with low barometric pressure
and strong winds. The winds rotate clock-

wise in the southern hemisphere and coun-
ter-clockwise in the northern hemisphere.
The system has wind speeds of 119 km/h
(73 mph) or more (UN-DHA 1992).

Tropical cyclones are called “hur-
ricanes” in the western Atlantic and “ty-
phoons” in the western Pacific. These
dangerous storms can be found in three
of the Earth’s four oceans and in both
hemispheres. Even though Atlantic Ocean
tropical cyclones (hurricanes) receive a lot
of attention, only 12 per cent of tropical
cyclones worldwide are located here. The
northwestern Pacific Ocean averages more
than 25 cyclones (typhoons) each year.
Another location with great activity is the
Indian Ocean. No other part of the world
has so much activity in such a small area.
The Southern Hemisphere also experi-
ences tropical cyclones. However, they are
confined to the Western Pacific and Indian
Oceans (DAS n.d.).

A tropical cyclone’s storm surge is the
most destructive aspect of the storm. It
kills the most people, destroys buildings,

and erodes coastal shorelines. Hurricane
Andrew, which landed in south Florida in
1992, was the most expensive cyclone to
date, causing US$25 billion in property
damage and killing 26 people. The cyclone
that caused the highest mortality in the
20th century was an unnamed typhoon
that struck Bangladesh in 1970, killing
about 300 000 people.

Scientists predict that global warming
will cause warmer ocean temperatures
and associated increased moisture in the
atmosphere—two variables that work to
power hurricanes. As a result, more intense
hurricanes that cause even more damage
when they hit land are predicted (Hender-
son-Sellers et al. 1998).

Tropical cyclones also cause flooding.
A flood is a significant rise of water level in
a stream, lake, reservoir, or coastal region
(UN-DHA 1992). Human actions can cause
or contribute to flooding events through
the impacts of dams, levees, the removal of
wetlands (that store water), deforestation
(resulting in erosion), and other means.

Flooding Credit: Andrea Booher/UNEP/FEMA




Case Study: Supercyclone hits eastern India
29 October 1999.
On 29 October 1999 a supercyclone with winds in excess

of 257 km/h (160 mph) swept in from the Bay of Bengal
to hit the eastern state of Orissa, India. An estimated 15
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Case Study: Hurricane Charley
August 2004

Hurricane Charley developed from a tropical
wave that emerged off the African coast early
in August 2004. It hit the western tip of Cuba
and by the time it reached the greater Havana
area, maximum sustained winds were nearly
165 km/hr (105 mph). Western Cuba suffered
more than US$1 billion in property damage
and three people died.

The map above shows Charley’s path
between the 9th and 14th of August 2004 as it
traveled up from the Caribbean into Florida
and the southeast United States. The map
shows Multi-satellite Precipitation Analysis
(MPA) rainfall totals for the period. A swath of
7-12 cm (3-5 in) rainfall (green area) extends
from the central Gulf of Mexico into northern
Florida as a result of Tropical Storm Bonnie,
which landed in Florida on the 12th of August.

225 300

A heavier swath of rain containing 7-25 cm
(3-10 in) amounts (darker red areas) extends
from the north central Caribbean up through
Cuba across Florida and merges with a heavy
rain area along the Carolina coast.

In Florida, 25 of the state’s 67 counties
were declared federal disaster areas. Estimated
insured losses from Charley were US$7 bil-
lion, while total economic loss was estimated at
nearly US$15 billion. Charley was blamed for
22 deaths.

Despite its history of hurricanes, Florida’s
warm weather and beaches attract migrants,
retirees, and tourists. Florida’s population grew
by 6.5 per cent between 2000 and 2003 (U.S.
Census Bureau 2004). In some coastal areas,
tourists and “snow birds” (northern Americans
and Canadians who spend the winter in the
south) swell populations by 10 to 100 fold.
Large parts of densely populated coastal areas

Aurput 15, 2008

Hurricane Charley blew ashore over Punta Gorda,
Florida, on 13 August 2004, with winds topping

233 km/hr (145 mph). Two days later, the Ikonos
satellite captured the top image above. The image
shows the destruction the Category 4 hurricane
wrought on the coastal city. Debris is scattered across
roads, parking lots, and yards, giving the scene a
“messy” appearance compared to the crisp, neat
neighborhoods shown in the lower image, taken
two years earlier on 28 July 2002. Source: NASA 2004,
hitp://earthobservatory.nasa.gov/Newsroom/Newlmages/images.

php32img id=16639

are subject to the inundation caused by hurri-
cane storm surges and on numerous occasions
have experienced heavy economic losses from

these events (NOAA n.d.). Source: NASA 2004b,
hitp://earthobservatory.nasa.gov/NaturalHazards/natural_haz-
ards_v2.php32img_id=12339, NASA 2004b
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Floods Global Major Flood Map

Worldwide, the number of major flood I
disasters has grown significantly, from 6 ~ ﬁ‘
cases in the 1950s to 26 in the 1990s. With ' '
the changing climate, global precipitation
has increased by about two per cent since
1900; during this time, rain patterns have
changed, with some places becoming wet-
ter and others, such as North Africa south
of the Sahara, drier (Cosgrove 2003).

From 1971 to 1995, floods affected
more than 1 500 million people worldwide, Legend -
or 100 million people per year. In the most [:]F'DMW i Sept 2, 2004)

calamitous storm surge, the flood in Ban- B Fiood 2003 :
gladesh in April 1991 killed thousands of > [ L_. | -
people. The United Nations estimates that =i S

by 2025, half the world’s population will

be living in areas at risk from storms and Major flood events around the world in 2003 and 2004 (updated through September 2, 2004)

Data Source: DFO 2004, hitp://www.dartmouth.edu/ % 7Efloods/Archives/index. himl
other weather extremes (Cosgrove 2003).
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Case Study: Flooding in Mozambique capital, Maputo, tens of thousands of people
2000 and 2001 were forced to flee their homes. The worst
The years 2000 and 2001 saw massive flood- hit were people 11V1ng in makeshift homes in
ing in Mozambique, particularly along the the 'slum.s around th? ?apltal. Maputo,.the
Limpopo, Save and Zambezi valleys. In 2000 capital city of one million, was literally iso-
half a million people were made homeless lated.as a rgsult of Fhe floods, and entry into
and 700 lost their lives. The floods destroyed the city was impossible.

crops and overwhelmed water and sanitation Further north, hundreds of thousands
infrastructure in many areas. of people were left homeless in Gaza prov-
ince. Roads, homes, bridges and crops were
destroyed. Electricity supplies were disrupted
and towns left without clean water supplies
after their pumping stations were swept away.

Southern Mozambique bore the full
impact of the rains and rising waters. In the

These two images show an area in Mo-
zambique before the onset of flooding and
during flooding. The 2000 image reveals
a large area around the towns of Vila De
Chibuto and Guija submerged under flood

water from the Limpopo River. Source: BBC 2000,
. 2 S Oxfam 2001, FEWS Net 2001. Satellite image: Kwabena
EE s g = ) Asante-SAIC-USGS National Center for EROS.
e o = ST

Credit: Philip Wijmans/UNEP/AC T-LVW*" T;;;JO




Case Study: Severe Flooding in Haiti and
the Dominican Republic
23 — 25 May 2004

Several days of heavy rains in late May 2004 caused rivers to overflow
in areas near the southern border between the Dominican Republic
and Haiti. Heavy rains in this region of deforested hillsides gener-
ated rapid run-off and severe flooding. Floods and landslides devas-
tated large areas of the island of Hispaniola, which the two countries
share. The flooding demolished entire communities, caused massive
loss of life, displaced tens of thousands of people on both sides of
the border, and resulted in sizeable crop and livestock losses.

DOALMNTAMN
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17 September 2000

22 September 2004 : ]
T '-1.‘!.': ey 1 i
Tropical storm Jeanne struck the Island of Hispaniola on 18 September 2004; a
wall of water and mud buried much of Gonaives, Haiti as shown in this Ikonos
imagery captured four days later, on 22 September 2004. Roads visible on 17 Sep-
tember 2000 image have disappeared, as have a number of buildings and adjacent
farmlands submerged by water and mud. Note the damaged ship and changes

in the water colour in the 22 September 2004 image. Credit: Ikonos imagery provided on
spaceimaging.com, courtesy of NASA’s Earth Observatory

Flooding as a result of this hurricane is blamed for over 3 000 lives lost,
including 2 826 in the coastal city of Gonaives, Haiti (USAID 2004).

Haiti, which is the poorest country in the Americas, has a population
of about 8 million and is prone to deadly floods because 98 per cent of
its forests have been chopped down, largely to make charcoal for cooking
(Sustainable Institute 2004).

These maps (left) compare the topography of Hispaniola (top) with the island’s
population density (bottom). The flood disaster area around the Massif de la Salle
is outlined in blue. Source: Flood disaster hits Hispaniola, NASA 2004¢

These two Landsat images (below) contrast the two time periods during and after
the floods. In the 12 May 2004 image, most of the region is covered by water
(grayish colour) while the 26 September 2004 image water has receded, leaving

behind green healthy vegetation especially in the area south and east of Gonaives.
Source: NASA Earth Observatory
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Drought

A drought is a period of dryness, especially
when prolonged, that causes extensive
damage to crops or prevents their suc-
cessful growth. Droughts are often caused
by heat waves. A heat wave is a period of
unusually hot weather. High temperatures
exacerbate the effects of drought, dam-

age crops and their establishment, and
reduce yields (FAO 1996). Climate change
will potentially increase the likelihood of
droughts in dry and semi-arid regions.
There is already evidence that a number
of such regions have experienced declines
in rainfall. Droughts result in decreases in
soil fertility and agricultural, livestock, for-

Drought Credit: Somkiat Sirvi/UNEP/Topfoto

est, and rangeland production. They also
exacerbate the process of desertification.
(IPCC 2001).

Throughout history, various parts of the
globe have suffered drought and subse-
quent famine, resulting in huge humani-
tarian and economic losses.

Case Study: Lake Mead-Drought in
the Western United States
2003

The western half of the United States has
suffered a sustained drought over the past
several years, which has caused withering
vegetation, more frequent and severe forest
fires, and falling water levels in major reser-
voirs throughout the region.

This image of Lake Mead, Nevada, dra-
matically captures the result of decreased
rainfall and snow in the western United
States. As of 2003, water levels at LLake Mead
dropped 18 m (60 ft). Lake Mead is formed
by the Hoover Dam and is an important wa-
ter source for the states of Arizona, Nevada,
and California. About 25 million people live
in the region and the lake supplies over 80
per cent of Las Vegas’ drinking water. Popula-
tion growth, the building of water-hungry
golf courses, and the needs of irrigated
agriculture in the region are taxing its water
resources, however. Las Vegas is the country’s
fastest growing city and Nevada is its fastest
growing state. Although temperatures in the
Las Vegas Valley rise to 32°C (90°F) or more
on more than 125 days of the year and it
receives less than 1 000 mm (39 in) of rain a

Credit: Lynn Betts/UNEP/NRCS



year, Las Vegas has the highest per-capita con-
sumption of water in the world (UNEP 2002b).

The combined effect of drought, popu-
lation growth, unsustainable development,
and climate change in this arid region of the
United States could be a recipe for more disas-
trous droughts and potential conflict. Recently,
conservation awareness campaigns and water—
use restrictions have helped to lower water use,
despite the addition of more than 60 000 new

residents in 2003 (SNWA 2004). Source: Images and
text by NASA’s Earth Observatory

The image to the right, acquired by the Landsat 7
satellite, shows the shoreline of Lake Mead in
May 2000.

Water levels in the lake during the 3-year-span
illustrated by the 2001, 2003, and 2004 images
dropped 18 m (60 ft). In the Boulder Basin of Lake
Mead, the lower water level has connected former

islands like Saddle Island to the shoreline. Source:
UNEP/GRID - Sioux Falls

Brilliant green golf course fairways contrast sharp-
ly against the drought-stricken landscape of the
Boulder Basin. Despite the region’s third-worst
drought in recent history, new courses continue to
be developed. Source: UNEP/GRID - Sioux Falls
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Case Study: Drought in Horn of Africa

What makes drought in the Horn of Africa an issue of global interest is its
perennial recurrence and its extensive humanitarian impact. Poor agricultural
practices and environmental degradation (catchments degradation) have
greatly compounded the problem leading to serious food crises in the region.
In 1984 and 1985, the Horn of Africa experienced one of the worst droughts
of the twentieth century with a resultant famine that killed 750 000 people.
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This Normalized Difference Vegetation Index (NDVI) image to the right pet

shows the vegetation anomaly for August 1984. Dark red indicates the most
severe drought, light yellow areas are normal, and green areas have denser
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In Kenya, one of the countries in
the Horn of Africa, drought has
been looming for several years,
leaving many regions of the coun-
try parched and hungry. As the
2004,/2005 harvest drew to a close,
the cereal deficit grew to 300 000
metric tonnes, which meant that up
to 2.7 million people needed food
aid that season—an unusually high Credit: Unknown/UNEP/African Wildlife Foundation
number for Kenya. The second maize

crop, scheduled to be harvested in March, was predicted to be 20 per cent below
average because of a lack of rain. The 2005 shortages stem from a lack of rainfall
during the short rainy season, which normally runs from November to January.
Though some parts of Kenya received adequate rain, crop-growing regions in

the Eastern, Central, and Coast Provinces received far-below-average rainfall. In
Central Province alone, about 400 000 people face famine, according to govern-
ment estimates. Source: NASA 2004d, hitp://earthobservatory.nasa.gov/Newsroom/NewlImages/images.

o - i\ N hp32img_id=16816
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The impact of drought on the crops can be seen vegetation density and health. The anomaly image dense than it has been in the past. More pro-
in this image, which shows the Normalized Differ- compares current conditions to average condi- nounced drought areas surround Central Province.
ence Vegetation Index (NDVI) anomaly for Kenya tions in 2001, 2002, 2003, and 2004 during the first Grey pixels indicate regions where data were not
as measured by the Moderate Resolution Imag- two weeks of January. Between 1-16 January 2005, available. An arch of green through the center of
ing Spectroradiometer (MODIS) during the first brown clusters in the Coast and Eastern provinces the country reveals where rainfall was plentiful and
two weeks of January 2005. NDVI is a measure of show patterns of dryness where vegetation is less vegetation is thriving.

Case Study: Drought in Australia
2002-2004

After Australia’s devastating drought in 2002,
the 2003/2004 season saw record wheat and
barley harvests, with the March crop up 119
per cent compared to the previous year’s
drought-stricken crop.

This pattern of large harvests after
droughtstunted years is common. To recoup
their losses, farmers increase the area they
sow. In 2002, pasture land for livestock was so
parched and the price of grain so high, that
many farmers sold their livestock and con-
verted their land to crops in 2003. In addition
to the increase in cropland, well-timed rains in
most parts of the country, particularly in West-
ern Australia, combined to produce a bumper
harvest that year. Source: NASA 2003

The difference between the two years is clearly visible in this image pair of the southwestern point of Aus-
tralia, showing the expanded crop area. A larger portion of Western Australia is covered with greener vegeta-
tion in September 2003, right, compared to September 2002, a sign that all plants, including grain crops,

were thriving in 2003. Source: NASA 2003, hitp://earthobservatory.nasa.gov/NaturalHazards/natural_hazards_v2.php3 2img_
id=12010
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4.3 Industrial Hazards

Industrial hazards are threats to people
and life-support systems that arise from
the mass production of goods and services
(Mitchell 1996). They can be intentional
actions, such as the illegal discharge of

oil into the environment, or accidental,
such as toxic spills. Like natural hazards,
they can expose people and ecosystems to
danger, affecting lives, health, and socio-
economic conditions (Draffan 2004).

One of the major industrial disasters
occurred in Bhopal, killing at least 14 400
people and causing permanent disabili-
ties to at least 50 000 others. In the early
hours of 3 December 1984, gas leaked
from a tank of methyl isocyanate (MIC),
resulting in intense emission of toxic gases
at a plant in Bhopal , India, owned and
operated by Union Carbide India Limited
(UCIL). This event is considered to be
the worst chemical accident in history. In
February 1989, the Supreme Court of In-
dia directed Union Carbide Corporation
(UCC) and UCIL to pay a total of US$470
million in full settlement of all claims aris-
ing from the tragedy.

Oil spills

Fossil fuels (oil, natural gas, and coal)
account for the vast bulk of global energy
supplies. These fuels, formed over mil-
lions of years, are finite and non-renew-
able. Population growth and increased
affluence and consumption increase the
demand for fuel. In due course, these
resources will become scarce and costly,
requiring the introduction of replacement
energy sources (MacKenzie 2000). In addi-
tion, disputes over their ownership already
occur and there is significant potential for
increased conflict.

Petroleum is an integral part of our
lives. It provides 80 per cent of the world’s
transportation fuel, supplies nearly half
the world’s primary energy demand, and
provides feedstock for the petrochemical
industry. Petroleum products account for
about a third of global oil use today.

The exploration for, development,
transportation, and use of petroleum
causes environmental problems world-
wide. The most critical issue today is that

fossil fuel burning emits gases that con-
tribute to global climate change (Cohen
1990). Oil spills, the focus of this section,
can harm life by poisoning, by direct con-
tact, and by destroying habitats, especially
in the marine environment.

As shown in Figure 4.2, about 37
per cent of oil in the world’s oceans is

9%

I Land runoff
[ Discharge
[ Natural seepage
[ Oil exploration
[ Tanker spills
[ Atmosphere

33%

Figure 4.2: Sources of oil in the world’s oceans.
The highest contribution (about 37 per cent)
results from urban run-off and the discharge from
land-based industrial plants. These materials reach
the sea via storm-water drains, sewage outfalls,
creeks, and rivers. Souce: APPEA n.d.

the result of urban and industrial runoff.
Another seven per cent is oil which seeps
naturally out of fissures in the sea beds.
About 14 per cent is caused directly by the

Oil spill Credit: Khan Kuyucu/UNEP/Topfoto




Case Study: Gulf War
Kuwait and Persian Gulf
23-27 January 1991

During the Persian Gulf War, Iraq deliberately
released 908-1 741 million litres (240-460 mil-
lion gallons) of crude oil from tankers into the

A il

Persian Gulf

% 15Feb 1991
(S

e

Persian Gulf 16 km (10 miles) off Kuwait. Oil
spilled onto more than 1 287 km (800 miles) of
Kuwait and Saudi Arabian beaches, devastating
marine wildlife, especially birds (Krupa 1997).
The Persian Gulf war brought about some

of the worst environmental pollution ever
recorded as a result of oil spills and oil fires.

Persian Culf

Credit: UNEP/GRID-Sioux Falls
In the images, the blue shows water, green
shows natural vegetation, light yellow shows
desert areas and black shows pollution from oil
spills and fire.
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oil industry, of which 12 per cent is from
accidents involving oil tankers. In the U.S.,
pipelines now spill considerably more than
tankers. Another 33 per cent is the result
of discharges to the environment and the
remaining nine per cent of oil deposited
in the oceans is absorbed from the atmo-
sphere (APPEA n.d.).

As evident from Table 4.2, oil spills hap-
pen all around the world. Oil spills of at
least 38 m3 (125 cubic feet) have occurred

in the waters of 112 nations since 1960.
The top four “hot spots” for oil spills from
vessels include the Gulf of Mexico (267
spills); the northeastern U.S. (140 spills);
the Mediterranean Sea (127 spills); and the
Persian Gulf (108 spills) (Etkin 1997).

Despite overall increases in oil trans-
port, the numbers of marine oil spills and
the amount spilled have decreased signifi-
cantly over the last two decades, particular-
ly in the last few years. The average num-

ber of large spills per year during the 1990s
was about a third of that witnessed during
the 1970s (ITOPF 2003). This decrease can
likely be attributed to reduced accident
rates due to preventive measures and in-
creased concerns over escalating financial
liabilities (Etkin 2001).

Table 4.2 — Major oil-related industrial accidents between 1970-2004

Amoco Cadiz tanker runs aground off the coast of France, spilling 1.6 million barrels

severely burning hundreds more. Up to 2 000 people had been lining up with buckets

Year Location Industry Loss/description

1976 Massachusetts, USA Oil spill Argo Merchant runs aground on the Nantucket Shoals off Cape Cod (Massachusetts
USA), spilling 29 million litres (7.6 million gallons) of No. 6 fuel oil.

1978 France Oil tanker
of crude oil.

1984 Cubatao, Brazil Oil pipeline Oil fire - 508 deaths

1988 Piper Alpha, North Sea Oil rig 167 deaths from explosion of offshore oil platform

1989 Alaska, USA Oil tanker Exxon Valdez tanker spills 42 million litres (11 million gallons) of crude oil into
Prince William Sound (Alaska USA)

1994 Seoul, S. Korea Oil fire 500 deaths

1995 Taegu, S.Korea Oil & gas explosion 100 deaths

1998 Warri, Nigeria Oil pipeline Pipeline at Jesse, Nigeria exploded, instantly killing more than 500 people and
and bottles to scoop up oil. The fire spread and engulfed the nearby villages of
Moosqar and Oghara, killing farmers and villagers sleeping in their homes.

2000 Adeje, Nigeria Oil pipeline 250 deaths

Source: Compiled from Mitchell and Cutter 1997, Anon. 2004, Draffan 2004, and Uranium Information Centre Ltd. 2004



Nuclear Accidents

With increasing concern over poten-
tial energy shortages and the impacts
of burning fossil fuels, the debate
about nuclear power has been re-
newed. Like hydroelectricity genera-
tion, nuclear power has the merit of
being a clean energy source in terms
of emissions, however, there are risks
associated with the release of danger-
ous radiation from potential nuclear
meltdown and from nuclear waste.

Between 1940 and 2000, there were
at least 120 notable accidents involving
nuclear material. These ranged from
a container of uranium hexafluoride
exploding in Oak Ridge, Tennessee, in
the United States in 1944 killing two
people and injuring three others to
the worst accident in the history of the
nuclear power industry — Chernobyl,
Ukraine in 1986 (Anon n.d.).

Case Study: Chernobyl Nuclear Power
Plant Accident, Ukraine
25-26 April 1986

The world’s worst nuclear power accident oc-
curred at Chernobyl in the former USSR (now
Ukraine) on 25-26 April 1986. While testing

a reactor, numerous safety procedures were
disregarded and a chain reaction resulted in
explosions and a fireball, which blew oft the
reactor’s heavy steel and concrete lid. The
explosion and fire released radioactive mate-

The lines overlaid on the 1992 image show the approximate extent of Ce-
sium-137 radiation levels according to 1990 data. Locations within the solid
red lines have radiation levels greater than 40 Curies per km?, too high for
life, and this area has been almost completely abandoned by people.

rial that spread over parts of the Soviet Union,
Eastern Europe, Scandinavia, and later, West-
ern Europe. The Chernobyl accident killed
more than 31 people immediately, and as a
result of the high radiation levels in the sur-
rounding 32-km (20-mile) radius, 135 000
people had to be evacuated. Some areas were
rendered uninhabitable for years. As a result
of the radiation released into the atmosphere,
tens of thousands of excess cancer deaths (as
well as increased rates of birth defects) were
expected in succeeding decades (Anon. n.d.).

o
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My scoply

Credit: Elena/UNEP

Credit: Unknown/UNEP/Ukrainianweb

The 31 May 1986 image was acquired about a month after the nuclear
accident at Chernobyl’s Reactor Number 4. The Chernobyl nuclear
plant is located on the northwest shore of a cooling pond. Much of the
farmland surrounding the plant was heavily contaminated with radio
active nuclides and subsequently abandoned. The areas have changed
from red and white patterns indicating planted agricultural fields and
bare soil in the 1986 image to tan-gray tones indicating natural vegeta-
tion in the 1992 image. More than 120 000 people from 213 villages
and cities were relocated outside the contamination zone. Pripyat, an
abandoned city with a 1986 population of 45 000, is located 3 km (2
miles) northwest of the Chernobyl Nuclear Power Station. The wavy
white line north of the Chernobyl plant in the 1992 image is a levee
built to prevent the flow of contaminated water and soil into the Pripyat
River. Source: Earthshots 2001; Sadowski and Covington 1987; Stebelsky 1995; Mould
1988; Medvedev 1990; Williams 1995; Schmidt 1995; Park 1989; Marples 1996.
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Andean glaciers have long been involved in numerous
avalanches, which have caused considerable material
l VAL AN C H E losses and casualties by the thousands. The events of
1962 and 1970, originating from Mt. Huascaran’s north-
ern summit, were particularly deadly. On 31 May 1970,

Yuncay Crry, Peru
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Almost nothing remains of Yungay City, literally erased by the 1970 avalan : T e = [ 1970 avalanche,
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a 7.7 magnitude earthquake triggered a huge avalanche, 25 km (16 dammed only by fragile moraine deposits. Subject to erosion, these
miles) long and moving at 280 km/h (174 mph), which wiped out the  walls may collapse, triggering flash floods—another threat for the
city of Yungay, claiming 18 000 lives. The scars are still visible today. local population.

Ice retreat has induced the formation of numerous peri-glacial lakes,




The inset depicts elevation using radar data acquired
from Space Shuttle Endeavour in February 2000. The
Shuttle Radar Topography Mission provides science

| with a window of understanding previously unknown in
areas such as Velingara, Senegal. Notice how the lighter
colored (lower) elevations reflect the water features seen
in the Landsat images. The dark ring reveals the higher
elevations that enclose the basin.

METEOR IMPACT

VELINGARA, SENEGAL

Located in southern Senegal is a feature that appears to
be a meteor-impact-generated structure, possibly mil-
lions of years old. It is a circular, multiple ring struc-
ture with an overall diameter of 48 km (30 miles) and
centered about 12 km (7 miles) south-southwest of the
town of Velingara.




The high rim structure of the Velingara Crater encloses the Anambe By 2001 intense agricultural systems had appeared near the center of
Basin. Water previously flowing out the south end of the basin was har- the crater(right image), contrasting sharply with the swampy areas (dark
nessed behind a dam in the mid-1970s as a source of irrigation for rice green) nearby. The Velingara Crater was first detected using Landsat data
and other crops. The 1975 image predates the irrigation development. in the early 1970s.
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Epilogue

One Planet Many People

The history of the human race is filled with
stories of ingenuity regarding our ability to har-
ness the bounty of nature. Wind powered the
sailing ships of explorers, wood and coal fueled
railroads that threaded across our continents,
and now petroleum fires the engines of our
cars and airplanes and allows us to spread to all
corners of the planet.

The goods and services from nature have
sustained us, moved us, and inspired us. Our
cultural heritage was shaped by the vast bounty
of the Earth. Our ever-increasing demand
for more of nature’s goods has left a series of
huge footprints—footprints visible from distant
points in space. These footprints represent the
places we live and work, the places where we
gain food, fiber, and minerals, and the ribbons
of transportation needed by our highly mobile
societies to conduct our businesses.

As this volume illustrates in colorful and
graphical ways, our successes may also be
our failure. We have advanced our civiliza-
tions by conquering nature. As a people, we
should respect what we have accomplished.
However, we must ultimately ask ourselves the
guestion—“have our efforts to tame the Earth
ensured our permanence?” The evidence in
the atlas suggests that our victories over nature

are incomplete because in the course of our de-

velopment, we have depleted our resources and
contaminated our environment to the point
where our future may be one full of struggles

and challenges as we try to access ever more
precious commodities from nature on which we
depend.

To survive, we must put the era of nature
conquest behind us and embark on a new era—
the sustainability and stewardship era. In this
era, we must cleanse our air and water so that it
supports life in the future. We must serve and
renew our natural resources so that we have the
food, fiber, and energy we need, and we must
protect and preserve our remaining natural
areas so that they can soothe our spirits and
inspire our minds.

In W.L. Thomas’s seminal volume on sus-
tainable development published in 1956, Ken-
neth Boulding closed the dialog by providing
the following point-counterpoint. He suggest-
ed that the moral of human exploitation of the
Earth’s resources was “The evolutionary plan
went astray by evolving man.” Boulding then
offered the perspective of developers by writing
“man’s a nuisance, man’s a crackpot, but only
man can hit the jackpot.”

Which perspective is right? From the van-
tage of space, we can clearly see our footprints
on the Earth and we can over time see the
expanding size and number of footprints. Our
species can take pride in the complex patterns
of our cities and farms as these demonstrate
our ingenuity and industriousness. Our num-
bers have grown dramatically yet we can argue

that the overall quality of life has improved. At
least on the surface... For while it appears that
we have conquered nature, a closer look at the
consequences of our footprint reveals the rest
of the story. The Earth’s environmental systems
are changing fast—and maybe too fast. The
impacts of our industriousness are changing as
fast or maybe even faster than the pace of our
footprints. The frequency of extreme events,
such as droughts, floods, severe storms, and
wildfires is accelerating faster than ever re-
corded. Our climate is changing more rapidly
than ever before, and the rate of species extinc-
tion is going up at an alarming rate. From the
vantage of space, we can see the footprints of
the human race. Unfortunately, by the time we
see those footprints, it may already be too late
because the undesirable impacts of our

actions are already spreading through the
Earth’s environment.

Boulding’s message was simple: Sustain
the Earth, keep it healthy, and make it thrive
so that it continues to provide for the many
people that use it as home. The view from
space suggests that we have a lot of work ahead
to tailor our behavior so that the Earth provides
bounty for eons. And there’s no time like
the present to get started on the path
to sustainability.




The Conservationist’s Lament

The world is finite
Resources are scarce
Things are bad
And will be worse
Coal is burnt

And gas exploded
Forests cut

And soils eroded
Wells are drying
Air’s polluted
Dust is blowing
Trees uprooted
Oil is going

Ores depleted
Drains receive
What is excreted
Land is sinking
Seas are rising
Man is far

Too enterprising
Fire will rage

With man to fan it
Soon we’ll have

A plundered planet
People breed

Like fertile rabbits
People have
Disgusting habits

MORAL...

The evolutionary plan
Went astray

By evolving Man

The Technologist’s Reply

Man'’s potential

Is quite terrific

You can’t go back
To the Neolithic
The cream is there
For us to skim it
Knowledge is power
And the sky’s the limit
Every mouth

Has hands to feed it
Food is found
When people need it
All we need

Is found in granite
Once we have

The men to plan it
Yeast and algae
Give us meat

Soil is almost
Obsolete

Man can grow

To pastures greener
Till all the earth

Is Pasadena

MORAL...

Man’s a nuisance
Man’s a crackpot
But only man

Can hit the jackpot

Kenneth Boulding in:

Thomas, W.L. ed. 1956. Man’s Role in Changing the Face of the Earth.

Chicago: University of Chicago Press.
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Acronyms and Abbreviations

AAAS
ACT
AER

AEZ
AMS
AP
APPEA

Ar
ASTER

BBC
BP
BRIDGE

Btu

%
CFCs
CH,CI
CH,
CIDA
CIESIN

CIS
CITEPA

CLIRSEN

cm
CNPPA
co
co,
CPI
CSIRO

CSR
DAS

DETR

DEWA
DFO
DMZ
DMS
DPRK
EEA
EIA

ENSO
EPA
EQE
EROS

ERSDAC
ESA

ETM
FAO

FEMA
FEWS
FOEE
ft

American Association for the Advancement of Science

Action by Church Together

Agriculture Economic Research Service, United States

Department of Agriculture
Agro-ecological Zones

American Meteorological Society
Associated Press

Australian Petroleum Production and Exploration
Association Ltd.

Argon

Advanced Spaceborne Thermal Emission and
Reflection Radiometer

British Broadcasting Corporation

British Petroleum

BRinging Information to Decision-makers for
Global Effectiveness

British thermal units

degree Centigrade

Chlorofluorocarbons

Methyl chloride

Methane

Canadian International Development Agency

Center for International Earth Science
Information Network

Commonwealth of Independent States

Inter-professional Technical Centre for Research
into Air Pollution

Center for Integral Surveys of Natural Resources
using Remote Sensing (Ecuador)

Centimetres

Commission on National Parks and Protected Areas
Carbon monoxide

Carbon dioxide

Center-pivot irrigation

Commonwealth Scientific and Industrial Research
Organisation

Climatological Solar Radiation

Department of Atmospheric Sciences - University of
Illinois at Urbana-Champaign

Department of Environment, Transport and
Regions (United Kingdom)

Division of Early Warning and Assessment
Dartmouth Flood Observatory
Demilitarized Zone

Defense Meteorological Satellite Program
Democratic People’s Republic of Korea
European Environment Agency

Energy Information Administration, United States
Department of Energy

El Nifio/Southern Oscillation
Environmental Protection Agency
European Quality & Environment

Earth Resources Observation and Science
(National Center)

Earth Remote Sensing Data Analysis Center

Department of Economic and Social Affairs
of the United Nations

Enhanced Thematic Mapper (ETM+).

Food and Agriculture Organisation of the
United Nations

Federal Emergency Management Agency
Famine Early Warning Systems

Friends of the Earth Europe

Foot/Feet

GEF
GEO
GEO3

GHG
GIS
GLC
GLCF
GPS
GPW
GRID
GSFC
H,0
HEAVEN

HFCs
HNO4
hPa
1HASA
IAEA
ICE
IIEES

HTK
IPC

IPCC
ISDR
ITOPF

IUCN

JAMS
JAROS
KBG
kcal

kg

km
km/h
km?2
kWh
KWS
Ib
LDCs
LHWP
LLDCs
LP DAAC
LPG
LUT
LWF

M

m
MDG
MEA
METI

MIC
MISR
mm
MODIS
MOPITT

MPA

Global Environment Facility
Global Environment Outlook

Global Environmental Outlook Report 3
(UNEP Publication)

Greenhouse Gas

Geographic Information System

Global Land Cover

Global Land Cover Facility

Global positioning system

Gridded Population of the World

Global Resource Information Database
Goddard Space Flight Center (NASA)
Hydrogen dioxide

Healthier Environment through the Abatement
of Vehicle Emissions and Noise
Hydrofluorocarbons

Nitric acid

Hecto pascals, a unit for atmospheric pressure
International Institute for Applied Systems Analysis
The International Atomic Energy Agency
Inventory of Conflict and Environment

International Institute of Earthquake Engineering
and Seismology

Indian Institute of Technology Kanpur

International Programs Center, United States
Census Bureau, Population Division

Intergovernmental Panel on Climate Change
International Strategy for Disaster Reduction

International Tanker Owners Pollution
Federation Limited

International Union for Conservation of Nature
and Natural Resources

Japanese Association of Mathematical Sciences
Japan Resources Observation System Organization
Kara-Bogaz-Gol, Turkmenistan

kilocalories

kilogrammes

kilometres

kilometers/hour

square kilometres

Kilo-watt hours

Kenya Wildlife Service

pounds

Least Developed Countries

Lesotho Highlands Water Projet

Landlocked Developing Countries

Land Processes Distributed Active Archive Center
Liquefied petroleum gas

Land Utilization Types

Lutheran World Federation

Magnitude

metres

Millennium Development Goals

Multilateral Environment Agreement

Ministry of Economy Trade and
Industry (Japan)

Methyl Isocyanate

Multi-angle Imaging SpectroRadiometer
millimetres

Moderate Resolution Imaging Spectroradiometer

Measurements of pollution in the troposphere
instrument aboard NASA’s Terra satellite

Multi-satellite Precipitation Analysis



MRS
MSS
Mt.
n.d.

N3
N,O
NASA
NCAR
NCPPR
NCR&LB
NDVI
NEIC
NOAA
NOx
NREL
NRCS
NRDC
NSIDC

NSW EPA

OWF
PBS
PFCs
RFD
ROK
RRC-AP
SAIC
SARCS
SCOPE

SBSTTA

SFg
SIDS
SIDA

Sle)
SNHP
SNWA
SO,
SPRI
SRM
SWERA
TBR
™
TOMS
TSSC
ucc
UCIL
ucCL
ucs
UGRB
UN
UND
UN-DHA

UNDP
UNDRO
UNEP

Metropolitan Region of Santiago

Multispectral scanner

Mount

Not dated

Nitrogen

Nitrogen dioxide

National Aeronautics and Space Administration
The National Center for Atmospheric Research
National Center for Public Policy Research
National Contractor Referrals and License Bureau
Normalized Difference Vegetation Index
National Earthquake Information Center
National Oceanic and Atmospheric Administration
Nitrogen oxides

National Renewable Energy Laboratory

Natural Resources Conservation Service
Natural Resources Defense Council

National Snow and Ice Data Center

New South Wales Environmental
Protection Authority

Northwestern Territories

Oxygen

Ozone

Organisation for Economic Co-operation
and Development

Our World Foundation

Public Broadcasting System

Perfluorocarbons

Reasonably Foreseeable Development

Republic of Korea

Regional Resource Centre for Asia and the Pacific
Science Applications International Corporation
Southeast Asian Regional Committee for START

Scientific Committee on Problems on the
Environment

Subsidiary Body on Scientific, Technical
and Technological Advice

Sulphur hexafluoride
Small Island Developing States

Swedish International Development
Cooperation Agency

Scripps Institution of Oceanography
Spanish National Hydrological Plan
Southern Nevada Water Authority
Sulfur dioxide

Scott Polar Research Institute

Society for Range Management

Solar and Wind Energy Resource Assessment
Transboundary Biosphere Reserve
Thematic Mapper

Total Ozone Mapping Spectrometer
Technical Support Services Contractor
Union Carbide Corporation

Union Carbide India Limited
University College London

Union of Concerned Scientists

Upper Green River Basin

United Nations

University of North Dakota

United Nations, Department
of Humanitarian Affairs

United Nations Development Programme
United Nations Disaster Relief Organization
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ETM/LANDSAT Equipped with high resolution instruments, Landsat- 7 was success-

fully launched on 15 April 1999. This satellite carries the Enhanced Thermal Mapper Plus
(ETM+), which is an eight-band, multispectral scanning radiometer. The ETM+ is capable
of resolving distances of meters in the panchromatic band; 30m (98 feet) in the visible, near
and short-wave infrared band; and 60m (197 feet) in the thermal infraredband.

LANDSAT

On 23 July 1972, NASA launched the first in a series of satellites

designed to provide repetitive global coverage of the Earth’s land masses. It was designated
initially as the ‘Earth Resources Technology Satellite-A’. The second in this series of Earth
resources satellites (designated ‘ERTS-B’) was launched on 22 January 1975. It was renamed
‘Landsat 2" by NASA, which also renamed ‘ERTS-1’ as ‘Landsat 1’. Four additional Landsats
were launched in 1978, 1982, and 1999 (Landsat 3, 4, 5 and

7), respectively.
SCANSAR

Scanning synthetic aperture radar (ScanSAR) data is acquired on

board the Canadian satellite RADARSAT-1. The RADARSAT-1 satellite was launched on 4
November 1995 and has been providing imagery for operational monitoring services on a

global basis ever since. The state-of-the-art Synthetic Aperture Radar (SAR) can be steered
to collect data over a 1 175 km (730 miles) wide area using 7 beam modes. This provides us-
ers with superb flexibility in acquiring images with a range of resolutions, incidence angles,
and coverage area.

IKONOS Since its launch in September 1999, Space Imaging’s IKONOS earth
imaging satellite has provided a reliable stream of image data. IKONOS produces 1-meter
black-and-white (panchromatic) and 4-meter multispectral (red, blue, green, near infrared)
imagery that can be combined in a variety of ways to accommodate a wide range of high-
resolution imagery applications.

QUICKBIRD The QuickBird satellite, launched in October 2001on a Boeing Delta
11 rocket from Vandenberg Air Force Base, California, is the first in a constellation of
spacecraft that DigitalGlobe® is developing. QuickBird offers sub-meter resolution imagery,
geolocational accuracy, and large on-board data storage. QuickBird’s global collection of
panchromatic and multispectral imagery is designed to support applications ranging from
map publishing to land and asset management to insurance risk assessment.

PHOTOS Africa Focus; African Wildlife Foundation; Beth Allen; Bigfoto (www.
bigfoto.com); Canadian Auto Workers (CAW); Chandra Giri; Christian Lambrechts; Cpl.
Mike Escobar; David McKee; David P. Shorthouse; Digital Globe; Dmitry Petrakov; Ed
Simpson; Elena; FEMA,; Freefoto (freefoto.com); FAO; Gray Tappan; H. Gyde Lund; Hassan
Partow; International Centre for Integrated Mountain Development (ICIMOD); IIEES;
Invasive.org; Jim Welch; John Townshend; José de Jestis Campos Enriquez; J.P. Eaton; Juan
Schlatter; Claudio Donoso; Lorant Czaran; Lumbuenamo Raymond; Lyn Topinka; Lynn
Betts;Morgue File (www.Morguefile.com), DT Creations, Kevin Connors; NASA; NOAA;
NREL; NRCS; Nik Wheeler; Olga Tutubalina; Peter Aengst; Peter Bardos-Déak, Philip
Wijmans; Prof. Dr.-Ing.habil. Volker Quaschning; Ramesh P. Singh; Randy Cyr; Regional
Resource Centre for Asia and Pacific (RRC-AP); Saman Salari Sharif,; Sergey Cherno-
morets ; Servicio Aerofotografico Nacional, Lima, Per(; Simon Tsuo; South Florida Water
Management District; Stephan Volz; Teal H.F. Smith; Topfoto (http://www.topfoto.co.uk/);
Topham Photos; Ukrainianweb; UNEP-GRID; USGS; USDA; United States National Park
Service; V. Sahanatien; Walter Silverio.
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