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HOW TO USE THIS BOOK

his book is divided into six sections: Engine, Action, Extremes, Watching,

Climate, and Change. Engine gives an overview of Earth’s atmosphere and
its global systems. Action explains the workings of general weather phenomena,
such as clouds, rain, and snow. Extremes looks at devastating weather events, including
tornadoes, hurricanes, and drought. Watching covers the science of meteorology,
from ancient times to today. Climate tours the climate zones of the world. The final
section, Change, provides a compelling portrait of our relationship with Earth and
the effects of climate change. Each section is broken down into chapters devoted to
particular subjects. Each chapter begins with an introduction to the subject (right),
providing a general overview, then the subject is explored in detail in the pages that
follow (examples are below). Special features, called “Insights™ (far right), look at the
evolution of our knowledge about weather and climate through text, illustrations,
charts and graphs, maps, and photographs.

Section and
chapter heading
This indicates the
broad theme and
specific area
under discussion.

Global locator map
This pinpoints the location
of the key regional examples

discussed below it.

INTRODUCTORY FEATURE

T waTcmG,

TRACKING WEATHER

MEASURING DEVIC

Timeline

This provides information
about key developments
through the ages.

Diagrams

Where appropriate,
diagrams are included to
illustrate complex concepts.

170 actionwarer

. mame || Glaciers

1. Lambert Glacier This s the
lergest glacie in the world. Located
in Antarctica, it measures about 250
by 60 miles (400 100 km) and has
adepth of around 1.5 mles (2.5 k)
It flows into the
o | Amery ice sheff,
M an extension of

5 the Antarctic ice
e, shelf that overlies
part of Prydz Bay.
Lombert Glocie, Antrcica

2. Kangerdlugssuag Glacier
This glacier, in the southeast of
Greenland, has lately accelerated its
journey to the ocean. Afer a century
= of slow progress,

it now travels up
t0124 feet (38 m)
each day. Giobal
warming may be
the cause.

Kangerdlugssuaq Glacer, Greenland

3. Jostedal Glacier Located near the
west coast of Norway, this s Europe’s
largest glacier. Measuring 40 by

5 miles (64 x 8 k), it is up 10 1,800
feet (548 m) thick. The glacier feeds
more than 50
glacier branches
that reach down
into the fertle
valleys in all
directions.

Jostecal Glacer, Norway

LOUIS AGASSIZ
Swiss-American scientist Louis
Agassiz is known as the father of
glaciology. Although others had
studied glaciers before him, he was
the first to see evidence of an ice
age, when Earth had been largely
covered by a thick ice sheet

In mountainous and polar regions, so much winter snowfall can build up
that the snow remains frozen even after the following summer’s sunshine.

Under the weight of snow, glacial ice slides downhill over
beneath. Deep water-filled inlets in coastlines (fords) are created by the
scouring action of a valley glacier on its way to the sea

Glacial retreat (above) Greenland's
Helheirm Glacier was photographed by
NASA in 2005 (top), 2003, and 2001. The
break up of the front into icebergs has
accelerated in recent years. It is now
retreating about 6 miles (10 k) per year.

Rock, debris, and water

Preciotaton,such

Geothermal heat

How a glacier flows A valley glacier is fed from above with ice, water, rock, and other
debris. Geothermal heat warms the base of the glacier, causing it to flow downhill. At the
Upper levels, snow continues to accumulate in the net accumulation zone, but water is also
lost by evaporation, sublimation, and wind (deflation). In the net ablation zone, below the

Net accumulation zone

equiibriu line, the glacier loses mass faster than it receives it

Antarctic dry valleys (below) The
volume of the Antarctic Ice Sheet has
fluctuated greatly over geological time. The
ice-free valleys in this photo were scoured
by glaciers millons of years ago. They are
kept dry by the action of constant wind

nergy loss through
long-wiave adiation

Solar energy

GLACIERS ACTI

FACT FILE |

Shaping the land As they flow,
glaciers carve the underlying rock
into shapes an expert eye can

recognize thousands of years later

Plucking and
abrasion

-

Glacial plucking As a glacier moves
over uneven ground, it breaks the
bedrock into pieces that are
transported downhill until they are
deposited as a terminal moraine.

Before glaciation Between ice ages,
the climate is warm and mountains are

covered by vegetation. Valleys are

i Vishaped.

Gladier breakup (above) This satelite

Geothermal heat

then drift out to sea on ocean currents.

image of Greenlands west coast shows
glaciers flowing around mountaintops and g,
Eaporaton 2 into Baffin Bay. The Greenland Ice Cap is
A the birthplace of countiss icebergs that ,n?

> &

| R |
Meltwater and hC |

deposted debrs During glaciation During an ice age,
the ciimate i too cold for plants and

they disappear. Glaciers flow through
the valleys

LVR
After glaciation When the ce eteats,
the vallys that remain are U-shaped,
with finger lakes in deeper places.

Fact file

This panel explains processes
or profiles several examples of
the subject under discussion.

INSIGHTS
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FOREST LOSS

61> Amazon Rain Forest

Introductory text
This provides a
general overview
of the subject.

Charts and graphs

These group data and present
statistics and forecasts in an
easy-to-understand format.

Photograph
An evocative photograph shows a

landform or feature that is representative
of the subject matter under discussion.
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acrae Global Changes

Mount Kilimanjaro Retreating glacial | Evidence of global warming can be feen today around the world in

cover on Mount Kilimanjaro provides
highly visible evidence of a warming
planet. Permanent snow and ice on

temperature trends, ren

oceans, rising se

ting ice caps, darinki
15, biodiversity Iggs, and failing human health. Erratic

mountain glaciers, warming

the summit have almost completely |~ weather patterns have also been observed, such as heat waves, droughts,
disappeared. The ice cap formed floods, and coastal storms of escalating fiequency and intensity. These events
over 11,000 years ago.

Hurricanes The intensiy
of Atlantc hurncanes has

in the Gulf of Mexico.

[ oot e ctenin 12
] oereremin 2003
it sumri s

Retreat Satelite photographs of Mount

are harbingers of things to come as global temperatures risc.

Severe weather (below) A common
feature in the predictions of all global
climate models s an increase in severe
weather events as the climate warms. the rapid melting of the polar ice
There will be droughts in some regions and cap,one of the most visble sgns
floods in others. Heat waves and melting N

glaciers also attest to the warming trend.

Heat waves Europe has experienced | Polar ice cap Average Arcic
Severe heat waves in ecent years, temperatures have increased at
t notably i the summer of 2003, | twice the rte of gobaltemperatures
over the past century, resuting in
lives to heat elated maladie.

65000050000

L

Arctic Ocean
s, o cmAR=0 005 | =
D 6eay o %

Glacial melting Glaciers ave meling

for one-snth of global populatin.

Rising seas Rising seas pose the

Kilmanjaro's crater capture 10 years of
glacial shrinkage. Over 80 percent of

ice has been lost over the past century,
and the summit may be ice-free by 2015,

Atlantic

Pacific
Ocean

February 17, 1993

o

Southern Ocean

om0 gd 00 Foomo

80800000

Q6520

ANTARCTICA

Flooding Increasingly strong €l Nifio
conditions have been connected to

global warming. These events cause
severe flooting aong the western coast

i Drought The Sahel region of sub-Saharan
X Alrica experences frequent droughis, caused
he Southern Ocean as by overgrazing and poor land management
they dsintegrate. Thoush the Antarctc Drought frequency has increased in 1
i not warming as rapidy s t years due 1o imate change, human-produced
the marginsof s e sheet are thinning atmospheric aerosols, and warmi

Coral bleaching Coral reefs are
ighly sensiive 10 changes in ocean
temperature and acdity Widespread
bleaching death of eef ecosystems,
such as the Great Barir Ree!, s an
indication of destructve changes

GLOBAL CHANGES|CHANGE

FACT FILE

Warming The Intergovernmental
Panel on Climate Change prdicts
a global average warming trend of
3.6-7.2°F (2-4°C) over the cdming
century. This will cause seallevels
to rise, more frequent extrpme
weather, and the spread of fisease.

Rising seas Sea levels have risen at a
ate of 0.12 inches (0.3 cm) per year since
1993 Sea levels are projected to rise
7-23 inches (18-58 cm) over the next
century, submerging low-lying islands;

- B
Extreme weather Tropical cyclones
are common in the Caribbean, South
Pacfic, and Bay of Bengal, but in June
2007, Cyclone Gonu formed in an
unusual location: the Arabian Sea,

o

Health risks A warming climate and
more frequent flooding contribute to
the spread of disease, especially in areas
with poor sanitation and difficult iving
conditions, such as Bangladesh.

Feature box

Photographs or illustrations,
and text, highlight an interesting
aspect of the topic being explored.

lllustration

A graphic cutaway illustration
shows the inner workings of
a physical phenomenon.

June2,2003

of the Americas, particulaly in Peru

Quickly s surtounding waters warm,

shifting regional precpitation patterns

happening beneath the surface.

391

Satellite photography
Images taken from
space provide unique
perspectives on Earth.

World map

This shows the global distribution of a feature
being profiled, and is accompanied by text
that discusses the feature in more detail.

"



-TREMES THUNDERSTORMS

Stages of a storm A typical
thunderstorm grows, reaches
maturity, and decays in under an
hour. Occasionally, more intense,
severe storms last much longer.
They all pass through three
distinct stages.

30,000
feet

20,000
feet

10,000
feet

Ground

Towering cumulus Condensing water
to make the cloud heats the air.
Updrafts prevail within the cloud and
the cloud rapidly grows in height.

feet
32

10,000 |
feet

Ground

Mature The updraft spreads out and
forms the anvil when striking the stable
stratosphere. A downdraft forms where
air is cooled, lowering the freezing
level. Precipitation begins falling.

30,000

20,000
feet

3

10,000
feet

Ground

Dissipating Eventually, downdrafts
predominate, shut off the supply of
warm air, and the cloud dissipates.

Thunderstorms continued

The power in a thunderstorm is immense. Energy is released when water Inside a thunderstorm This illustration of a supercell thunderstorm

shows all the major components. All thunderstorms have updrafts
and downdrafts. Severe storms have a complex structure, where
downdrafts reinforce updrafts. Some storms occur in an environment
where the wind direction changes with height, initiating horizontally
rotating winds within the storm.

vapor condenses and rain falls out. The amount of energy generated
during an average thunderstorm is about 10 times the energy produced by
the world’s largest hydroelectric dam. Most of this energy heats the air, but
a small fraction drives the strong winds of the thunderstorm.

Overshooting top The strongest
updrafts have caused this part of the
cloud to punch through the tropopause
and into the stratosphere.

Anvil top Rising air in cloud tends to
spread out when it reaches the
tropopause, forming a flat top.

Mammatus These pendulous globules
of cloud hang from the underside of
the anvil. They form when a very high
concentration of condensed water is
present and are associated with severe
storms. These clouds are the only clouds
that grow downward.

Vault This egg-shaped region at the heart
of the storm has the strongest updrafts.
The vault looks dense to the naked eye
but appears as an empty space in a radar
image because the droplets in the vault
are too small to reflect a radar signal.

v

Upper-altitude flow Winds at this high
altitude tend to blow around the cloud.

\

Mid-altitude flow Some of the wind at
this level is drawn into the cloud. Rain
falling from above evaporates, making

this air cooler and more dense, so it
sinks, feeding the downdrafts.

e i

THUNDERSTORMS EXTREM-

Thunderstorm organization Flow
rising up a mountain favors a
single storm. Sometimes a group of
storms persist when the spreading
downdrafts initiate new convection.
At other times, a weather front
organizes storms into a line.

Single storm This is an isolated
thunderstorm. The spreading anvil has
cast a shadow onto lower clouds to the
left. Smaller convection clouds flank the
sides of the thunderstorm.

Storm cluster Here, three overshooting
tops from a cluster of thunderstorms
cast shadows on the anvil cloud. In the
tropics, such clusters can be the seed
for a tropical cyclone.

Squall line A cold front has created a

line of thunderstorms, with developing
storms on the right. Dissipating storms
are on the left, where anvil tops have

merged to form a single broad deck of
high cloud.




