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Slash and burn (below) the process of clearing land by 
burning immediately releases into the atmosphere carbon 
that was contained within the vegetation as Co², contributing 
significantly to global greenhouse gas emissions.

amazon River originating as a glacial stream in the andes, 
the amazon flows 4,000 miles (6,400 km) to the atlantic 
ocean, primarily through sparsely populated jungle. it has the 
largest flow volume of any river in the world. in the rainy 
season, parts of the river swell to 130 miles (210 km) wide.

398 change  Changing Climate

Sixty percent of the world’s existing tropical rain forest  
is found in the basin of the Amazon River, a rich jungle 

ecosystem in South America. In addition to hosting more 
than 40,000 plant species and the greatest diversity of birds, 
freshwater fish, and butterflies on Earth, the Amazon Rain 
Forest provides an important climate change mitigation 
service: approximately one-tenth of the world’s terrestrial 
conversion of carbon dioxide occurs there.

FoRESt loSS
the Amazon processes a significant 
portion of anthropogenically 
emitted carbon dioxide through 
photosynthesis when trees and 
plants absorb atmospheric carbon 
dioxide and convert it to oxygen 
and organic matter. Unfortunately, 
land-use changes in the region are 
counteracting this beneficial effect. 

Deforestation to accommodate 
the development of farming and 
grazing land and human settlement 
have dramatically reduced the 
extent of the Amazon Rain Forest. 
Nearly 20 percent of the Amazon 
has been deforested to date, with a 
current rate of loss of approximately 
9,300 square miles (24,000 km²)  
per year. the deforestation problem 
has been exacerbated in recent years 
by the rise in the global price of 
soybeans, which provides economic 
incentive to clear forest for soybean 

farming to produce biofuel. Brazil 
is now the world’s second largest 
soybean producer, after the U.S. 

Widely practiced slash-and-burn 
methods for forest removal emit 
massive amounts of smoke and  
ash, while actively releasing carbon  
dioxide into the atmosphere. Around 
20 percent of global greenhouse gas 
emissions arise from deforestation, 
with a large fraction occurring in the 
Amazon. the Intergovernmental 
Panel on Climate Change states that 
reducing or preventing deforestation 
will have a significant impact on 
reducing carbon dioxide levels.

the region is also threatened by 
a warming climate. A temperature 
increase of 3.6ºF (2ºC) could kill 
20–40 percent of the rain forest in a 
century. Projected drought conditions 
would further contribute to the loss 
of forest cover, accelerating global 
warming and leading to species loss. 

emissions (left) a steady increase in 
annual amazon deforestation from  
1990–2001 correlates with a rise in carbon 
dioxide emissions. peak deforestation  
in 1995 followed economic reforms that 
stabilized the Brazilian currency.

Brazilian amazon (above) the total area of amazon 
Rain Forest is 2.3 million square miles (6 million km²),  
60 percent of which lies within Brazil. since 1970, more 
than one-tenth of Brazil’s rain forest has been deforested.

endangered october 2005 saw the worst 
drought conditions recorded in the Brazilian 
amazon for 50 years. lack of rain decreased 
river flow, beaching a pink river dolphin 
along the shore of Furo do lago Cristo Reis, 
near manaus, Brazil. 

uRegion:  amazon Rain Forest, south america. Forested areas extend into Brazil, 
Bolivia, peru, ecuador, Colombia, Venezuela, guyana, suriname, and French guiana

uThReaTS:  Deforestation, land-use changes, soil erosion, increased sedimentation, 
water pollution, wildfires, animal trade, poaching

uclimaTe impacTS:  increased Co² release from forest burning, drought, increased 
atmospheric temperature, more mosquito-borne diseases

uendangeRed SpecieS:  giant otter, hyacinth macaw, blue-headed macaw, 
black spider monkey, pink river dolphin; one-fifth of tree species threatened

Smoke plume (right) this satellite image 
shows high concentrations (red) of carbon 
monoxide emitted by agricultural burning 
in the amazon Basin in september 2005. 
the upwardly-convected pollution cloud  
is transported across the atlantic ocean.  
Fires in sub-saharan africa are also visible.

Timber (above) after clear-cutting, trees 
litter the ground. the environmental and 
climatic ramifications are significant even  
if this biomass is never burned. as the  
cut trees decay, they emit stored organic 
carbon as carbon dioxide. 

2005 drought (below) Boats were stranded 
when water receded in alter do Chao, Brazil. 
Climate models predict significant warming 
and drying of the region by 2100, which 
could result in the conversion of much of 
the rain forest to dry savanna. 

Amazon Rain Forest

Amazon River 
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Being able to measure meteorological elements, such as rainfall, temperature, humidity, winds, 
and cloud-cover, was the first step in converting meteorology to a science. As the Scottish 

physicist Lord Kelvin was to remark in 1883: “When you can measure what you are speaking 
about, and express it in numbers, you know something about it.” Many instruments that we  
use to measure weather today have been based on the same design for centuries. More recently, 
meteorology has advanced at an astonishing pace, thanks to the development of electronic instruments.

MeASuring deviceS 
various instruments for measuring 
meteorological variables have been 
under continuous development  
for centuries. Probably the oldest  
is the rain gauge, or pluviometer, 
which was used widely in the ancient 
world around 2,000 years ago. 

Three major instruments were 
developed in the 16th and 17th 
centuries: the hygrometer, to gauge 
relative humidity; the thermometer, 
for temperature; and the barometer, 
for air pressure. Modern versions of 
these instruments have the ability not 
just to measure, but also to record, 
and take the suffix graph, greek for 
“drawn” or “written.” We now 
have pluviographs, thermographs, 
barographs, and many others.

The use of wind vanes was first 
noted in ancient greece and rome. 
However, accurate, scientific 

measurement of the wind was not 
achieved until the mid-18th century, 
using devices called anemometers.

Today, concurrent measurements 
of atmospheric variables—humidity, 
temperature, atmospheric pressure, 
and wind speed and direction—are 
taken manually every three hours 
from hundreds of locations around 
the world. Automatic weather 
stations take records even more 
frequently, typically every half hour.

Meteorological satellites monitor 
cloud cover, and the location of 
precipitation is determined through 
radar imagery. These 20th-century 
inventions provided a quantum leap 
forward in tracking weather. 

This vast quantity of information 
is sent to national and international 
meteorological centers. Weather 
forecasts are then constructed using 
computer weather simulations.

TrAcKing WeATHer

international cooperation (left) Space 
shuttle Atlantis, pictured in 2007, moves 
away from the International Space Station. 
The station is a research facility staffed by 
scientists from many countries. Information 
about aspects of Earth’s atmosphere is 
collected, providing insights into weather 
and climate. The station is expected to 
remain operational until at least 2015.

Satellite sight (right) This 2002 view over 
Alaska’s Aleutian Islands was taken by the 
Landsat 7 environmental satellite. Winds 
blowing across the islands from the upper 
right-hand corner of the image, break up 
into chains of long, spiraling eddies called 
von Kármán vortices, which are made visible 
by the extensive low cloud in the area.

through the ageS

click of a button (below) National 
weather services now have a vast amount 
of observational data available: the latest 
satellite and radar images, and information 
from human observers and automatic 
weather stations, are readily accessible.

300 b.c. The earliest known 
rain gauge dates back to the 
4th century b.c. in India. These 
instruments were also used in 
Palestine about 2,000 years 
ago, and in China and Korea 
around the same time.

50 b.c. The Tower of the 
Winds, built in Athens in the 
1st century b.c., had a bronze 
wind vane on top of the 
structure. Wind vanes were 
also common in ancient Rome 
and across medieval Europe.

a.d. 1500 The first hygrometer 
appeared in about 1500. The 
work of prolific Italian inventor 
Leonardo da Vinci, this tool 
allowed the moisture content, 
or humidity, of the air to be 
measured for the first time.

1600s Italian philosopher  
Galileo Galilei invented the 
first thermometer in the early  
17th century. Measuring the 
temperature of the air was of 
vital importance in monitoring 
the state of the atmosphere.

1620 Evangelista Torricelli,  
a pupil of Galileo’s, designed 
and built the first barometer, 
which allowed atmospheric 
pressure to be measured. This 
invention paved the way for 
weather forecasting.

1654 The first meteorological 
observing network in Europe 
was established by Grand Duke 
Ferdinand II of Tuscany. This was 
the forerunner of the network 
that underpins today’s World 
Meteorological Organization.

1853 One of the earliest 
sunshine recorders was the 
Campbell–Stokes instrument.  
It was invented by Scotsman 
John Francis Campbell and 
modified by mathematician  
Sir George Gabriel Stokes.

1929 Frenchman Robert 
Bureau developed the first 
operational radiosonde, which 
could transmit weather data 
back from a floating balloon. 
The suffix sonde is French  
for “probe.”

1934 During World War II the 
British developed radar (radio 
direction and ranging) that 
could track aircraft, and later 
precipitation. Today, radar units 
are used to provide detailed 
analyses of local weather.

1960 TIROS 1, the first 
meteorological satellite, was 
launched. This vehicle beamed 
back images of cloud patterns 
that covered Earth, allowing 
observers to locate weather 
systems over remote areas.
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Global Changes Fact File

Warming The Intergovernmental 
Panel on Climate Change predicts  
a global average warming trend of  
3.6–7.2°F (2–4°C) over the coming 
century. This will cause sea levels  
to rise, more frequent extreme 
weather, and the spread of disease. 

health risks a warming climate and 
more frequent flooding contribute to 
the spread of disease, especially in areas 
with poor sanitation and difficult living 
conditions, such as bangladesh.
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Evidence of global warming can be seen today around the world in 
temperature trends, retreating ice caps, shrinking mountain glaciers, warming 
oceans, rising sea levels, biodiversity loss, and failing human health. Erratic 
weather patterns have also been observed, such as heat waves, droughts, 
floods, and coastal storms of escalating frequency and intensity. These events 
are harbingers of things to come as global temperatures rise.

heat waves europe has experienced  
severe heat waves in recent years,  
most notably in the summer of 2003,  
when tens of thousands lost their  
lives to heat-related maladies.

glacial melting glaciers are melting 
at a rapid pace around the world. 
the himalayan glaciers, situated in 
densely populated south asia, feed 
the indus, ganges, Yangtze, and 
other rivers, providing fresh water 
for one-sixth of global population.

coral bleaching coral reefs are  
highly sensitive to changes in ocean 
temperature and acidity. Widespread  
bleaching death of reef ecosystems,  
such as the great barrier Reef, is an  
indication of destructive changes  
happening beneath the surface.

Drought the sahel region of sub-saharan 
africa experiences frequent droughts, caused 
by overgrazing and poor land management. 
Drought frequency has increased in recent 
years due to climate change, human-produced 
atmospheric aerosols, and warming seas 
shifting regional precipitation patterns.

calving ice the ice sheets surrounding 
the antarctic continent, especially the 
antarctic Peninsula, are calving 
icebergs into the southern ocean as 
they disintegrate. though the antarctic 
is not warming as rapidly as the arctic, 
the margins of its ice sheet are thinning 
quickly as surrounding waters warm.

hurricanes the intensity  
of atlantic hurricanes has  

increased markedly over  
recent decades, a trend  
that is tied to warming  

sea surface temperatures  
in the gulf of mexico.

Flooding increasingly strong el niño 
conditions have been connected to  

global warming. these events cause  
severe flooding along the western coast  

of the americas, particularly in Peru.

Severe weather (below) a common 
feature in the predictions of all global 
climate models is an increase in severe 
weather events as the climate warms. 
there will be droughts in some regions and 
floods in others. heat waves and melting 
glaciers also attest to the warming trend. 

Fact File

Mount Kilimanjaro Retreating glacial 
cover on Mount Kilimanjaro provides 
highly visible evidence of a warming 
planet. Permanent snow and ice on 
the summit have almost completely 
disappeared. The ice cap formed 
over 11,000 years ago.

Rising seas sea levels have risen at a 
rate 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. 

extreme weather tropical cyclones 
are common in the caribbean, south 
Pacific, and bay of bengal, but in June 
2007, cyclone gonu formed in an 
unusual location: the arabian sea. 

Retreat satellite photographs of mount 
Kilimanjaro’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.

Polar ice cap average arctic 
temperatures have increased at  
twice the rate of global temperatures 
over the past century, resulting in  
the rapid melting of the polar ice  
cap, one of the most visible signs  
of climate change.

Rising seas Rising seas pose the  
greatest threat to low-lying island 
nations, such as the many atolls in  

the south Pacific. For example,  
tuvalu’s highest elevation is only  
15 feet (4.5 m) above sea level.

Glacier

Typical cyclone tracks

Winter ice extent

Summer ice extent

Extent of iceberg drifts

Increase in drought

Increased rainfall

Increase in mean temperature

Flood hazard

Coastal areas at greatest risk

Islands and archipelagos at risk

Areas of low-lying islands

Approximate glacier extent in 1912

Glacier extent in 2003

Rim of summit plateau
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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 wet ground 
beneath. Deep water-filled inlets in coastlines (fjords) are created by the 
scouring action of a valley glacier on its way to the sea.

FACT FIle

Shaping the land As they flow, 
glaciers carve the underlying rocks 
into shapes an expert eye can 
recognize thousands of years later.

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 millions of years ago. they are 
kept dry by the action of constant wind.

Glacial retreat (above) greenland’s 
Helheim 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 km) per year.

After glaciation when the ice retreats, 
the valleys that remain are U-shaped, 
with finger lakes in deeper places.

During glaciation During an ice age, 
the climate is too cold for plants and 
they disappear. glaciers flow through 
the valleys.

Before glaciation Between ice ages, 
the climate is warm and mountains are 
covered by vegetation. Valleys are 
V-shaped.

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.

Glaciers

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.

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 
equilibrium line, the glacier loses mass faster than it receives it.

Glacier breakup (above) this satellite 
image of greenland’s west coast shows 
glaciers flowing around mountaintops and 
into Baffin Bay. the greenland Ice Cap is 
the birthplace of countless icebergs that 
then drift out to sea on ocean currents. 

1. lambert Glacier this is the 
largest glacier in the world. Located 
in Antarctica, it measures about 250 
by 60 miles (400 × 100 km) and has 
a depth of around 1.5 miles (2.5 km). 

It flows into the 
Amery Ice Shelf, 
an extension of 
the Antarctic ice 
shelf that overlies 
part of Prydz Bay.

Lambert glacier, Antarctica

2. Kangerdlugssuaq Glacier  
this glacier, in the southeast of 
greenland, has lately accelerated its 
journey to the ocean. After a century 

of slow progress,  
it now travels up 
to 124 feet (38 m) 
each day. global 
warming may be 
the cause.

Kangerdlugssuaq glacier, greenland

3. Jostedal Glacier Located near the 
west coast of Norway, this is Europe’s 
largest glacier. Measuring 40 by  
5 miles (64 × 8 km), it is up to 1,800 
feet (548 m) thick. the glacier feeds 

more than 50 
glacier branches 
that reach down 
into the fertile 
valleys in all 
directions.

Jostedal glacier, Norway

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

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

Timeline	
This	provides	information		
about	key	developments	

through	the	ages.

Diagrams
Where	appropriate,		

diagrams	are	included	to		
illustrate	complex	concepts.	

This 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.  

Photograph 
An	evocative	photograph	shows	a		

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

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

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

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

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

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

Global locator map
This	pinpoints	the	location		
of	the	key	regional	examples	
discussed	below	it.	

Introductory text
This	provides	a		
general	overview		
of	the	subject.	

INTRODUCTORY FEATURE INSIGHTS
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FACT FILE

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.

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

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.

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

The power in a thunderstorm is immense. Energy is released when water 
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. 

Thunderstorms continued

Tornado Powerful	tornadic	
winds	are	formed	by	the	

concentration	of	rotating	flow	
from	a	much	larger	area.

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.

Low-altitude flow Wind	at	this	
level	is	warm	and	often	humid.	This	
air	rises	and	condenses	to	form	the	
cloud.	The	condensation	heats	the	
air	making	it	buoyant	and	feeds	the	
updrafts.

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.	

Flanking line This	line	of	
smaller	convective	clouds	may	

grow	into	thunderstorms	or	be	
drawn	into	the	parent	cloud.

Overshooting top The	strongest	
updrafts	have	caused	this	part	of	the	

cloud	to	punch	through	the	tropopause	
and	into	the	stratosphere.

Heaviest hail The	zone	of	
heaviest	hailfall	is	marked	here	
in	green.	The	larger	hailstones	
form	when	crossing	over	and	

falling	to	the	sides	of	the	vault.	

Heaviest rain The	zone	of	
heaviest	rain	is	marked	here	
in	purple	at	the	level	of	the	
cloud	base.

FACT FILE

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.

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.

Roll cloud These	horizontal	
clouds	sometimes	form	at	
the	leading	edge	of	a	
storm’s	outflow.

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.

Gust front The	gust	front	is	the	leading	edge	of	
the	outward-spreading	air	created	when
downdraft	reaches	the	ground.

Shelf cloud This	horizontally	
smooth	cloud	skirt,	near	the	

bottom	of	the	thunderstorm,	
indicates	inflowing	air.

Lightning Thunderstorms	are	defined	by	the	presence	
of	lightning.	Most	lightning	occurs	within	clouds.	
Lightning	that	strikes	the	ground		can	start	fires	and	
kill	people	unlucky	enough	to	be	caught	in	the	open.


