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FOREWORD

SCIENCE: THE ESSENCE OF COOL

ave you ever spent any time thinking about
H science? What, exactly, is science? If some-
one were to ask you for a definition off the top
of your head, how would you respond? | actually
spend a fair amount of time thinking about it. |
am the founder of a website called HowStuff-
Works.com that talks about science quite a bit.
I do lots of interviews where people ask about
science. | work with kids in elementary school to
help them get a good first impression of sci-
ence. Therefore, | have a personal definition of
science in my head: “Science is the coolest
thing that human beings do! Science is human-
kind trying to figure out how absolutely every-
thing in the universe works.” It is that pure and

= |

@ Scientists are curious by profession Testing every aspect of our material world
enables them to understand the order of things and then create new things
simple. Science knows no boundaries. Science
wants to take it all apart and say, “OK, we get it!”
In an ideal universe, we will even figure out
where our universe came from, and we will dis-
cover how to create new universes.

But is that really what science is? Just to make
sure, | did what any normal person would do:

by Marshall Brain

| consulted the dictionary (and because this is the
Age of the Internet, it was an online dictionary):
“Systematic knowledge of the physical or material
world gained through observation and experimen-
tation.” That is so wrong! The dictionary has taken
the most exciting thing human beings do and has
made it as boring as possible. (This happens a lot
to science, by the way, for reasons that | have never
been able to fully understand.) | guess the defini-
tion is right in a technical sense, but talk about a
letdown. It totally misses what science is. Science
is the essence of cool, and it is also humanity’s
highest calling.

How cool can science be? So much so that it
now envelops every one of us, and so pervasive
that we take it completely for granted. For exam-
ple, as I'm writing this | am sitting on an airplane.
According to the pilot we are flying at 32,000 feet
at 550 mph. | am looking out the window at the sun
shining on the clouds far below. And right there we
already have, what, like a hundred little scientific
miracles that generally go unnoticed? Just think
about it for a second:

First of all, | am conscious. That's a miracle be-
cause, just two inches away from my face, it is
-50°F, the wind is blowing at 550 mph, and the
atmospheric pressure (a measurement of air’'s
force against a surface) is about four pounds per
square inch (psi). So without the protective alumi-
num cocoon that surrounds me, | would pass out
from lack of oxygen, freeze to death, and get dis-
membered by the wind. Instead, | am warm, oxy-
genated, unruffled, and sipping soda, with ice,
from a plastic cup. How is this possible? Science!
Every single bit of it.

Where did the aluminum come from? Science.

The comfortable atmospheric pressure in the




@ Duning the takeoff and landing of a plane, the art of science

cabin? Science. The warmth? Science. The plastic
in the window and the cup? Science. The ice,
which was probably created on the ground even
though it is -50 outside? Science. The soda, which,
in a delightfully parallel way, came in its own little
pressurized aluminum cocoon? Science!

So let’s take the most important element—the at-
mospheric pressure inside the cabin. Without it,
everyone on this plane would be dead in a couple
of minutes. Where does the pressure come from?
You can think of the airplane as a big aluminum
can that acts like a pressure vessel. Even though it
is four psi outside, human beings really need ten
psi or higher to function normally. Yes, there may
be the occasional Sherpa or two who might, per-
haps, be able to hack 32,000 feet for an hour, but
most folks really need ten psi or more. So what we
need to do is take the outside air at four psi and
boost its pressure. Here's a good mental image:
We need to attach a big bicycle pump to the fuse-
lage and pump it up to ten psi. Lacking a big bicy-
cle pump, however, where are we going to get the
pressurized air? It turns out that in the core of ev-
ery turbofan engine on every airliner there is a
compressor that is creating all the pressurized air

1s on display Centuries

Science: The Essence of Cool

f research and engineering have made it possible for a multiton machine to ily

we need. The engine is creating the pressurized
air so that it can mix it with fuel to produce the
thrust that keeps the plane moving at Mach 0.8.
(You can learn all about it in the pages of this
book.) But there is more than enough pressurized
air coming out of this compressor to go around.
We simply bleed some of the compressed air out
of the engine and let it flow into the cabin.

That engine is its own scientific miracle. It is filled
with alloys, lubricants, bearings, blades, shafts,
shapes, and structures that have all been honed
through the scientific method so that the engine
runs reliably for years at a time. Science has also
made sure that the engine can handle all sorts of
extreme situations. What if the engine flies into a
torrential thunderstorm that dumps tons of rain
into the inlet? The engine can handle it. Hail? Ditto.
Sandstorm? No problem. Flock of birds? Piece of
cake. (It’s kind of a grotesque piece of cake, but a
piece of cake nonetheless.)

But what if something unexpectedly goes wrong?
What if the engine dies? It's no problem, because
there is a whole science of redundancy. If one en-
gine fails, the other engine(s) can pick up the slack.
Science has done the work, and we can get the

13
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pressurized air and thrust we need regardless.
| know what you are thinking: What if all the en-
gines fail? That is actually pretty unlikely, according
to the science of probability, but let’s say it hap-
pens. If all the engines fail, we've got a bunch of
problems, because the en-
gines provide not only the
thrust and cabin pressure,
but also the electricity that all
the avionics in the cockpit
need, plus the hydraulic pres-
sure that lets the pilots con-
trol the plane. Science has to
solve all of those problems
fast. So what is going to hap-
pen? There is a rack of batter-
ies that are going to supply
backup power to the avionics.
There is also a backup elec-
tric hydraulic pump that is go-
ing to create the hydraulic
pressure so the pilots can fly
the plane and lower the land-

@ Research, creative invention, accurate planning. and con

passenger seats are going to pop open. Plastic
masks are going to drop down from the ceiling,
and dozens of little oxygen canisters are going to
light on fire. In the process, the heat from the
chemical reactions inside these canisters is going
to liberate oxygen that all the
passengers will breathe. Every-
one will put on their masks, and
they’ll be fine.

| have flown on hundreds of
airplanes in my life. Only once
have the masks come down. |
was on a commuter jet flying to
New York City, and at 32,000
feet the co-pilot’'s window
cracked. The crack released
cabin pressure in a few seconds.
The masks popped down auto-
matically, and the amazing thing
is that no one really said a thing.
There was no panic. We all knew
what to do. We put on our masks.
Then the pilot took the plane

trol of results mark the ongoing process of science

ing gear. The plane won't be

arriving at the right airport, but there is a very high
probability that the pilots will get the airplane safely
on the ground. (Look up the Gimli Glider some-
time if you want to see how interesting no-engine
situations can get.)

But what about the air pressure in the cabin?
There are 200 people on the plane and a couple
of really important people in the cockpit who are
going to pass out very quickly without the cabin
pressure that the engines were providing. It turns
out the pilots have their own dedicated oxygen
system up front, but the real miracle of science is
going to happen in the back. How in the world can
science supply 200 people with oxygen in a few
seconds? Here's how: As soon as the pressure
drop becomes obvious to the sensors charged
with this task, a whole bunch of panels over the

very rapidly down to about 5,000
feet and he told us what had happened. We flew to
LaGuardia and landed, on time, without incident.
Could science get any cooler than that? Instead of
dying from asphyxiation, we all walked off the plane
with a good story to tell at dinner.

Another thing that is cool about science is the
way it brings people together. Think about how
many different people and ideas work together to
create an airplane. You've got the people who
make the aluminum for the plane and the alloys for
the engine (metallurgy) and the plastics for the
windows and seats (organic chemistry). Then peo-
ple work all those materials into their scientifically
designed shapes so that the plane has lift (aerody-
namics) and air flows efficiently through the en-
gines (fluid and thermodynamics). Then there are
the people who put it all together (manufacturing




science), the people who design and program the
electronics (computer science), the people who
make the fuel and the oils (petroleum science) ...
The list goes on and on.

So why do we do this? Where, in other words,
does science come from? What is the science of
science? And why do you care? Why, for example,
have you picked up this book? This is where it
gets really amazing. Here is what science tells
us right now...

There was a big detonation that marked the be-
ginning of our universe. The explosion condensed
into space that was filled with immense amounts
of hydrogen gas. The hydrogen atoms harbored
inside of themselves an attractive force that we call
gravity (a force that science does not yet com-
pletely understand). This force brought blobs of
hydrogen gas together into immense spheres. The
spheres were so large that the gravitational forces
created gigantic pressures at their cores, igniting
fusion reactions. The hydrogen atoms started fus-
ing into heavier and heavier atoms, until eventually
the fusion reactions ended and the spheres ex-
ploded, creating more and heavier atoms still. All
of these atoms dispersed. Out of such dispersed
debris came a cloud that, again through gravity,
produced our solar system and the planet we
call Earth.

On this planet of water, carbon, nitrogen, and
minerals there were all the chemicals needed for
uncountable chemical reactions to occur sponta-
neously. And there was a source of energy, in the
form of the sun, at just the right distance to keep
the water from freezing or boiling, as well as a
handy moon to create tidal forces. The atoms and
molecules chained together in such a way that
they possessed the ability to reproduce copies of
the chains, which is a reaction that we refer to as
life. Simple living cells, through a process of muta-
tion and selection, became more complex cells,
and then multiple cells, and finally, plants and ani-

Science: The Essence of Cool

mals. Animals mutated and selected until, one day,
there was a species on Earth that embodies what
we call general intelligence. With that intelligence
comes language, learning, logic, love, and, lo and

behold, curiosity. And from that curiosity comes

!
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@ Deciphering the biological information encapsuled in the DNA of all living beings
was a major step of scientists toward understanding life on Earth.
science—the desire to understand how stuff works.
Applied carefully, over millions of people and
hundreds of years, science creates the aluminum
tube that | happen to be flying in today, complete
with its backup oxygen supply and pressurized
cans of soda.

If you think about it from that huge, broad per-
spective, the fact that we are sitting here today hav-
ing this conversation is utterly amazing. The paper
you are holding is amazing, and so is the ink, and
so is the pressurized air that | am breathing, and
the laptop on which | type, and so are the chemi-
cal reactions happening in the neurons of your
brain, and the exploded star that produced those
chemicals ...

All of it is the purview of science.

From this book you will get an amazing look at
just how broad and encompassing that purview is.
Science is incredibly, unbelievably, immeasurably
cool, and | hope you enjoy it.

15
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UNIVERSE AND
GALAXIES

Just by looking at the stars, one can get an idea of how
infinitely large the universe must be. Countless stars and
galaxies are scattered all over this enormously vast
space, with immense distances between one another.
Today’s scientists use radiation emitted from space, as
well as state-of-the-art telescopes to explore the mys-
teries of the universe. Data is collected, analyzed, and
interpreted in order to create theories and physical mod-
els to explain the universe’s origins and development.
The currently accepted theory assumes that the universe

originated from an unprecedented, singular explosion.
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B e astroLagE

The astrolabe was once an astrono-
mer's most important instrument, used
to calculate the positions of the stars
and represent them in two dimensions.
It was often made of brass, with
rotating disks, degree scales, pointers,
and a sight rule. It was replaced by
more precise instruments and methods
during the course of the 16th century.

a from the beginnings of astronomy

The mere observation of celestial bodies made it possible to make calcula-
tions based on calendars and navigation. With the dawn of modern physics,
the first verifiable explanatory models for cosmic events were developed.

Instead, the Earth remained the central
point of reference. The movements of plan-
ets were explained by assuming they

People in the ancient civilizations of
Egypt, Babylonia, China, and in Middle
America were already making systematic
observations of celestial events in the
fourth millennium B.C. Thus, they were able

moved in small circles, so-called epicycles.
In turn, these circular movements were in-
corporated into their respec-
tive orbits around the Earth.
In approximately A.D. 150,
Ptolemy provided a compre-

beginnings | subdivisions | instruments

ASTRONOMY

The magnificent, starry sky has always inspired the human
imagination. A growing understanding of geography,
mathematics, and physics over the millennia has ensured
that astronomy has never lost its ability to help us explore
new realms of the unknown. Today, modern technology
coniinues to drive this age-old cosmic search.

-\

hensive description of this
epicycle theory in his manual
called the Almagest.

The road to modern
astronomy
In the 15th century, more

@ The curved spikes on this 18th-century
Persian astrolabe mark the brightest stars.

practice

-

to create calendars and predict eclipses
of the sun and moon. They also tried to
use the stars to identify and understand
the influence of the gods on their own fate.

@ 16th-century scientist Galileo Galilei improved the
telescope for consequent astronomical observations.

The ancient Greeks—heirs of Babylonian
knowledge—continued to develop these
observations in order to seek, above all, the
causes for celestial events. The Greeks
already knew not only that the Earth was a
sphere, but also its approximate circumfer-
ence, and could determine the distances
and sizes of the sun and moon. Neverthe-
less, a heliocentric worldview, in which the
sun is central, did not achieve acceptance.

O see also: Exploring the universe, pp. 48-51

exact measurements of the
planets’ orbits identified
inaccuracies in the epicycle theory. For this

reason, in the 16th century Nicolaus Coper-
nicus began advocating the heliocentric
worldview. Tycho Brahe made further mea-
surements, which Johannes Kepler used to
recalculate the planets’ orbits. He was able
to prove that the planets move in elliptical
orbits around the sun. The heliocentric
worldview was further supported around
this time by observations made with the
recently invented telescope.

In the 17th century, Isaac
Newton set down the theo-
retical foundations for
modem physics. His law of
gravity also provided a
scientific explanation for the
elliptical orbits calculated by
Kepler. A great deal of work
by other researchers fol-
lowed these developments,
including work regarding the
speed of light, the distance
to the sun and the radius of
the Earth.

During the 19th century,
Joseph von Fraunhofer
discovered the spectral lines

in the spectrum of sunlight. Building on this
finding, Gustav Robert Kirchhoff and Robert
Wilhelm Bunsen established spectral
analysis. For the very first time, scientists
could investigate the chemical and physi-
cal characteristics of stars and other
celestial bodies.

In the 20th century, Hans Albrecht Bethe
and Carl Friedrich von Weizsacker ex-
plained that nuclear fusion provides a
source of energy for stars. Physical theories
(p.22) regarding the formation and devel-
opment of the universe were articulated.

@ The Earth-centered system of the universe, proposed by Claudius
Ptolemy in the second century A.D.. was accepted as scientific wisdom
until Nicolaus Copernicus proposed his sun-centered model in 1543.




I. astronomy

® astronomy today

Highly technical measuring instruments, sophisticated observation proce-
dures, physical models, and mathematical simulations have all had an
impact on modern astronomy. Space travel also offers significant support.

. SPACE TELESCOPES

Space telescopes have their own power supply, posi
tion control, and scientific instruments. Depending on
the application, these instruments may include a highly
sensitive or wide-angle camera, a spectrograph, and

Light radiated by celestial
bodies still serves as the
foundation for astronomy
In earlier times, astronomers
were limited to studying
visible light. Today, modern
technology has substantially
widened the spectrum to in-
clude particle radiation, radio
signals, infrared, ultraviolet,
x-ray, and gamma radiation.
Other branches of natural

® The four domes of the Very Large Telescope (VLT) in Chile are capa-

ble of rendering remarkably sharp images of deep space.

science, such as mathemat-
ics and physics, are closely linked with
modern astronomy.

Subdivisions of astronomy

The classical subdivisions of astronomy are
astrometry and celestial mechanics, which
are mainly concerned with measuring and
calculating the positions and orbits of ce-
lestial bodies. Astrophysics examines their
characteristics, such as the strength of their
magnetic fields, temperatures, densities,

and compositions. In particular, it concen-

trates on their formation and development.

Cosmology looks at the formation and
development of the universe as a whole.

Astronomical instruments
Astronomical instruments are necessarily
varied in form. Enormous radio telescopes
are used to intercept radio signals from

practice

devices to filter or mea
sure radiation intensity.
High power radiation
requires specialized
telescopes. For exam-
ple, x-ray telescopes
use a mirror system,
aligned so that radia-
tion is not absorbed,
but rather glances off
the surfaces.

scope has been orbiting

@ The Hubble Space Tele-

Earth above the atmosphere

¥,

space, and their receiving capacity can be
combined to simulate an even better reso-
lution. Radar technology is used to study
meteorites or other objects in the solar

system, even visual light from celestial
bodies can be detected with sophisticated

telescopes by using adaptive lenses that
compensate for atmospheric disturbances
and provide high-definition images.

The majority of radiation that comes from
space is blocked by the Earth's atmo-

sphere. However, balloons, aircraft, and
A rockets all offer new possibilities for high
/ altitude observations. Developments in
space travel mean specialized instruments
and telescopes can even be taken into
space. Beyond Earth's atmospheric distur-
bance, these instruments record magnetic
fields, particles, and radiation from celestial
bodies. They are not limited to
orbiting the Earth, some orbit
the sun, other planets, or
even asteroids; others
traverse the solar system.

@ The Very Large Array, an |
astronomical radio observa-
tory in New Mexico, consists
of 27 radio antennas. Each
one measures 82 feet

(25 m} in diameter.
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@ the structure of the universe

The matter of the universe is not evenly distributed. Instead, matter is
influenced by gravity and shaped in diverse ways. The space between these
differently shaped structures is unimaginably vast.

Glowing agglomerations of matter are
visible at night. These stars, together with
our sun, make up the spiral-shaped Milky
Way, which in turn is a member of a collec

tion of galaxies called the Local Group

structure | survey | the big bang | dark matter | dark energy

THE UNIVERSE

Information regarding the appearance of the universe as
a whole, its origins, and how it evolved is limited, but by
measuring the radiation coming from celestial bodies

in combination with knowledge about the physical laws,
scientists are able to create models of the universe, which
are assessed by how well they match observational data. |

These, and larger accumulations known
as clusters, tend to exist in even greater
groups separated by huge voids of space.
These so-called superclusters are vast and
lumpy in shape. Their distribution through-
out space resembles the structure of soapy
lather, with heavier distributions along the
walls or intersections of the “soap” bubbles
and pockets of empty space in between.
Neighboring stars are normally a few light-

years apart from each other. The diameter

QO see also: Theory of relativity, pp. 330-331

of a large galaxy is around 100,000 light-

years and the Local Group has an

estimated diameter of about 10 million

light-years. Superclusters can spread over

several 100 million light-years. Threadlike
structures consisting of

| these clusters encompass

| the empty spaces, the larg-

] est of which extend over

one billion light-years.

i Modeling
| Due to the huge scale of the
} distances involved, only indi-
‘ rect methods (p.21) can be
used to measure the cosmic
] structure of the universe.
~ Certain assumptions must
be made and adapted to interpret the
astronomical observations and data. Most
scientists have accepted the big bang
model—that suggests the universe evolved
from an extremely condensed primeval
state—as a valid model (p.22). The
predominant method for measuring cosmic
distances is the redshift (p. 21) of the light
emitted by distant, receding objects. Both
of these approaches allow scientists to
develop hypotheses about the expansion

THE LIGHT-YEAR

@ n the field of cosmology astronomers and phys!
cists work closely together to try to explain the origin,
expansion, and structure of the universe.

of the universe and are closely related to
the general theory of relativity developed
by Albert Einstein (p.330). There may
be other valid models which are are also
consistent with observational data.

Light travels at 186,282 miles per second (289,792 km/s) in a vacuum. Large distances
can be estimated based on this information; they are simply given in terms of how far the
light travels within a certain time-frame. This is a much easier way of communicating
measurements on the cosmic scale. Hence, one light-year is defined as the distance which

Distance from Earth to Proxima Centauri,

the next nearest star

light can travel within one year.
This is almost 5.9 trillion
or 5,900,000,000,000 miles
(9,500,000,000,000 km). The
nearest neighbor to the sun is
a star called Proxima Centauri,
a little more than four light-
years away, and the nearest

in focus

\/

galaxy, Andromeda, is two mil-
lion light-years away.

@ The nearest star to Earth after
Proxima Centaun.

:




a survey of the universe

In order to understand the universe, it needs to be surveyed. Astronomers
use various methods to measure the vast distances between stars and
galaxies, and to study the behavior of these remote objects.

If two objects radiate with the same
intensity (luminosity), then the closer object
will appear brighter. If a star's actual lumi-
nosity 1s of a known magnitude, then it can
be used together with the observed bright-
ness to calculate how far away it is.

Although actual luminosity is not always
obvious, astronomers are able to determine
this value for certain stars (known as “stan-
dard candles”) and use it to estimate their
distance from Earth. Examples include

binary star systems can also be used as
standard candles. Therr observed bright-
ness can be used to estimate the
distances of very remote galaxies.

Redshift

Starlight can be partitioned into its pris-
matic colors using a spectrometer, much
as sunlight is in a rainbow. However,
chemical elements in the gas layers of
stars absorb light of certain wavelengths,

@ Stars may appear brighter than others due to being closer to the observer or because the radiatron intensity
they emit i1s higher. When these two values are known, their distances can be estimated.

Cepheids, which are giant bright stars that
pulsate regularly. Their fluctuation periods
are dependent on their size and luminosity;
these pulsations can be measured and
provide useful information about the dis-
tance of a galaxy. White dwarf stars that
explode as extremely bright supernovas in

causing dark absorption lines to break up
the spectrum. Almost all galaxies have
absorption lines that are shifted toward the
longer (red) wavelengths. The redshift
effect is greater the farther away a galaxy
is. This relationship can be explained by
the expanding universe.

-
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the universe

THE HUBBLE CONSTANT

Edwin Powell Hubble (1889-1953) discovered the
relationship between the observed redshifts and the
distances of galaxies
in the 1920s. Today this
is known as the Hubble
constant. Modern mea-
surements give it a
value of about 44 miles
per second (71 km/s)
per megaparsec (about
3.26  million light-
years). The escape
velocity of the galaxies
increases by this value
per megaparsec of
the distance.

@ Edwin Powell Hubble linked
the redshift of galaxies to the
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S expansion of the universe
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As space itself expands the wavelengths
of the light are stretched. The longer light
travels through the universe, the more its
waves are stretched. Therefore, if the red-
shift of a galaxy is known, its distance can
be calculated. This relationship is known as
the Hubble constant. Of course, the inter-
pretation of the redshift needs to be correct
and the expansion rate of
THE BEHAVIOR of
galaxies in the ex-
panding universe
can be imagined as
raisins in rising
dough, where the
dough is equivalent
to the space be-
tween the galaxies
(raisins), which are
all moving apart
from each other at
the same rate.

the universe must be known
as precisely as possible.
There are also other
effects that can cause a red-
shift, for example when a
galaxy in space is moving
away from us. However, this
is not enough to explain red-
shift in general because it
implies that our galaxy is
somehow special, in that
other galaxies are moving
away from us but not from each other. It
has also been proposed that light would
lose energy on its long path and perhaps
turn more red for this reason. So far, how-

basics

ever, no generally accepted explanation for
redshift has been found.

e

o

8 Due to the expansion of the universe, all objects are moving away from each other. This stretching of the space between objects results in wavelengths of light being
stretched into longer redshifted light. pictured, a light source (3) moving to the rnight (2). The frequency 1s lower on the left (1, redshift) and higher on the night (4. blue shift).

Q see also: Stars, pp.26-29
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a theory of the big bang

Most cosmologists accept the big bang theory as a realistic model of the
origin of the universe. The model suggests that the universe evolved from
an extremely condensed primeval state.

Nobody knows for sure what really hap
pened during the first moments. The part
f the universe that we can observe with
ur telescopes today was very condensed
and most likely measured no more than a
few millimeters. Radiation continuously

turned into particles of matter and back.

Expansion of the universe
Although the universe éxpandea rapidly
there was no explosion as there was no
urrounding space for explosive power to
go to. Space itself simply expanded.

more the universe swelled, tr

=
@

slowly formed the building blocks of atoms
protons, neutrons, and electrons. About
ten seconds after the big bang, protons
and neutrons could combine to form the
first stable and lightweight atomic nuclei.
The radiant energy became too weak to

separate the particles. After further cooling,

these atomic nuclei were able to capture
electrons, forming the first atoms a few
hundreds of thousands of years after the
big bang. The universe started becoming
transparent. Radiation could now pass
through space without barriers, since

only very few electrically charged particles
were still floating around.

Today it is possible to measure cosmic
background radiation in any direction. This
is thought to be the radiation that was
originally released in the early phase of
the universe. Once the radiative pressure
decreased, gravity was able to take over
and the first large accumulations
of material could form,
approximately

r reaction

one million years after the big bang. Later

on, the first galaxies and stars began to

conglomerate. The big bang theory is

based on both quantum field theory and

Albert Einstein's general theory of relativity,

as well as the cosmological principle.
Quantum field theory deals with describ-

ing the characteristics and forces of ele-

mentary particles. Einstein's general theory

of relativity attempts to explain gravity by

the warping of space-time, using a mathe-

matical model which creates a close con-

nection between the three dimensions of

space and the

ACCORDING TO the

hig bang theory, the

universe rapidly

expanded from a

condensed state

about 13.7 billion
years ago.

passage of time.
Space-time is
warped by material
and this warp, in
turn, determines

basics

the movement
of material.

The cosmological principle states that
on the large scale, material is generally
distributed evenly throughout the universe,
although locally distinct structures may be
obvious. Taken together, these assump-
tions result in the mathematical expansion
of the universe.

the universe were hydrogen, helium, and smal ounts of thium and beryllium




a dark matter and dark energy

Astronomical observations suggest the existence of an invisible material,
only recognized by indirect effects of its gravity. Mysteriously, there may
also be a special kind of energy accelerating the expansion of the universe.

Apparently there is a very large amount
of matter between the stars. This matter
does not emit or reflect light, nor does it
swallow light. Its mass is by far larger than
that of normal matter

This type of matter is only obvious due
to its gravity influencing normal matter, as
shown by numerous astronomical mea-
surements. For example, galaxies do not
rotate the way we would expect. Their
masses can be estimated from their stars
and gas clouds and the results suggest
that the star's velocity of circulation should
decrease with increasing distance from the
center. However, spiral galaxies show a
constant velocity of rotation regardless of
the distance from the center. This contra-
diction could be explained by the existence
of a spherical mantle of so-called dark
matter, with a mass up to ten times that of
the glowing matter.

Gravitational lenses are another indicator
of the existence of dark matter. There are
masses, for example galaxy clusters, which
bend the light of other galaxies situated far

Dark
Atoms energy
46 c—= 72 percent
percent

Dartk =
matter
23 percent

Today

~— Dark
malter

63 percent

Neutnnos &—

10 percent

[\
Photons

15 percent

Atoms
12 percent

13.7 Billion years ago
(Universe 380,000 years old)

@ The components of the universe can be derived
from data from the WMAP probe

B

behind them, just as a magnifying glass
does. The mass of a galaxy cluster can
be determined by the degree of light
refraction; these tend to be much greater
than can be explained by their stars and

gas clouds

New structure of the universe

Dark matter also plays an important role in
the big bang theory. This is due to the
uniform background radiation (p.22) which
indicates a similarly uniform distribution of
normal matter within the young universe.
Far more condensed masses would have
been necessary for galaxies to form from
this. Therefore, it is thought that the dark
matter might have been involved, although
it remains to be seen how dark matter
could have reached a sufficient level of
density. The composition of dark matter is
still unknown. It is possible that it consists
of dark celestial bodies or unknown
elementary particles.

Dark energy

Astronomers trying to determine the speed
of cosmic expansion have measured the
luminosity of supernovas and their redshift

the universe

THE FUTURE OF THE UNIVERSE

The expansion of the universe seems to be accelerating.
If this is the case, stars that have already become extin
guished and their planets will be destroyed by the decay
of protons. Even black holes will vaporize because of the
so-called Hawking radiation. Afterward, nothing but the
infinitely diluted gas of the remaining particles will be
left over. Due to the unimaginably large distances be
tween them, forces will no longer be effective. Time will
have lost its meaning.

@ Based on our current knowledge of the universe and its
laws, various hypotheses about its future can be formulated.

in focus

(p.21). Surprisingly, these studies and other
data (such as that from the space probe
WMAP) suggest that the expansion of the
universe is accelerating. It is not known
how this may be occurring, but

so-called dark energy has been suggested
as a possible accelerator.
This theoretical concept in
fact fits mathematically with
the general theory of relativ-

THE ENTIRE density
of the material and
energy of the uni-
verse determines
its fate, whether it
will continue ex-
panding forever or,
one day collapse.

ity (p.331). Some scientists
even speculate that dark
energy may be another

basics

natural force or fundamental
characteristic of space.

@ Data from surveys of the luminosities of galaxies can be combined and interpreted as three-dimensional
models that show the distribution of matter throughout large sections of the universe
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a spirals and ellipses

The world of galaxies is varied in form. These star systems differ markedly

in structure, size, and composition.

Approximately 100 billion stars, together Matter is therefore much more concen
with gas and dust, form the enormous, trated in these areas, which thus results
rotating celestial systems called galaxies in a relatively high number of new stars
Some are elliptical in shape, while others being formed from the interstellar gas.
form spirals or irregular shapes. A galaxy For this reason, the arms appear much
held together by the gravity associated brighter than the surrounding areas.
Although a spiral galaxy
spirals | ellipses | the milky way rotates around its galactic @ The Antennae galaxies are an example of two
core, the arms do not actu Ry -
ally wind inward around or silicates, such as those commonly found
G A LAX I E S the center because they in rocks. Clouds of this matter appear as

Stars are very seldom lone objects; they are almost always
part of a gigantic, rotating star system. The massive
dimensions of a star are virtually inconceivable for most
people, and the breathtaking space between them even
more so. It takes about 2.5 million years for the light from
the nearest large neighboring galaxy to reach us.

with its component parts. These forces

are not made up of specific various types of nebulas. In emission
stars. Instead,

individual GALAXY TYPES

stars move
Only a minimum of structure can be recognized within

an elliptical galaxy, and sometimes none at all. Spiral
galaxies, on the other hand, have two or more spiral
and back arms that coil around a central core. These are then
out again. divided into those with and those without a central bar
through the middle. Lenticular galaxies, like spiral gal-
axies, have a core but no spiral arms. Irregularly

into the spiral
arm zones

compel the stars and residual matter to Interacting galaxies ] :
) shaped galaxies are rarer and have unique shapes.
rotate around the galactic center. The When galaxies pass near
sun is a part of such a system known each other or converge,
as the Milky Way (p.25). they can be reshaped by
Galaxies are generally found together, each other's gravitational

either in very large numbers called clusters,  forces. When this happens,

or in smaller collections, which are known the paths of individual stars
as groups. The spiral arms of a galaxy are may be deflected or, in rare
formed by aggregations of stars in the ga- cases, the stars can merge.
. . . 9]
lactic disk, similar to the air compressions During these interactions, a
e 3 R , e i 0
caused by sound waves. a dwarf galaxy will generally =8 | Thelliubble classfcation'schere grouelElarer I
dissolve into < 1es by their features, such as central bars, arms, and shapes
the larger gal-
axy, while those that are nebulas, the radia-
of similar size will retain tion of nearby stars I ENRERESiReS
. galaxies could only
S
their respective cores. heats the gas so i iesiiTen 2 {
that it emits its nebular objects,
Interstellar matter own light. Reflec- and so their nature
A very fine distribution of tion nebulas are long remained
. t
gas and dust exists between  illuminated by VIl TR L
. until 1923 that
stars. This includes matter starlight shining Edwinrilbble
ejected by stars as well on their dust. In demonstrated that
as that left over from their contrast, a nebula the Andromeda
initial formation. The gas that absorbs back- nebula (the Androm-
: 8 eda galaxy) is )
is largely made up of hydro- ground starlight =
i : g actually a neighbor-
. al . gen and helium, while simply appears as 88  ing star system.
e d dust is mostly graphite a dark cloud.




galaxies

a the milky way system THE LOCAL GROUP
The solar system is also part of a galaxy. Together with billions of stars it
travels along its path around the center of the Milky Way system. The Milky Way galaxy is part of a group of moie than

30 galaxies held together by gravitational forces. The
Milky Way galaxy and the Andromeda galaxy are the

Qur home star system is known as the previous century when it became pos largest representatives
the Milky Way galaxy. On a clear night. sible to use infrared and radio frequencies ;’" this so-called Local

. - . ) sroup and are about
with good visibility, we can make out a to make astronomical observations. As it §

2.5 million light-years
away from each other.
They are surrounded by
a cluster of smaller gal-
axies, including the
Large and the Small
Magellanic Clouds. At
approximately 150,000
and 180,000 light-years
away, they are relatively

shimmering band of diffuse light crossing turned out, the Milky Way system is a rela-
the sky. When this happens, we are looking tively large spiral galaxy.

directly into the disk section of our galaxy. Our solar system is located in one of the
This band of light is known as the Milky spiral arms, near the outer region. The outer
Way, but the term is also used to describe layer of the galaxy is called a galactic halo,
the entire galaxy, of which our sun is a part.  consisting of widely scattered aggregations
We cannot see the Milky Way galaxy from of ancient stars, so-called globular clusters.

Star types can be distinguished based

on their composition, age, and distribution

@ The Small Magellanic Cloud
is an irregular galaxy that is
part of the Local Group. close to the Milky Way.

in focus

in space. The youngest are located near

the symmetrical sections of the spiral arms in thick, interstellar matter and is not

and have a relatively high concentration of visible to us. However, its structure can
heavy chemical elements. These elements still be explored based on radio frequency

were produced by older generations of and infrared and x-ray radiation.

stars in the fusion of their nuclear fuel. Around the central area,

As they weakened, some of their matter stars are distributed more THE MILKY WAY

was ejected into space, and was later thickly than they are in the system has a diame-

incorporated in the formation of new outer regions. In the direct ter of about 100,000

generations of stars. center, it appears that the IS - 1 -
@ Looking out from Earth, the galactic disk appears in Middle-aged stars are found near the equivalent of approximately SRR LI,
the sky as a band of light, known as the Milky Way L . . . mately 100 to 400

galactic disk. The old stars in the globular three million sun-sized billion stars. The sun
the outside, but we can try to measure the clusters contain the lowest percentage of masses is concentrated is about 27,000
distances between its stars with the best heavy chemical elements. It is likely that into a tight space. light-years away
possible precision. they were already formed when the It is suspected that an ::rszetrhftiar:tcsuc

galactic matter aggregated. extremely large concentra- around the center at
The structure of the Milky Way To locate the center of the Milky Way tion of matter has accumu- 124 miles per sec-
galaxy galaxy, we have to look toward the constel-  lated here, a so-called & ond (200 km/sec).
Because opaque interstellar dust clouds lation Sagittarius. The center is shrouded black hole. '@ One revolution takes

Kol 240 million years.

complicate this process, the structure of
the Milky Way was not understood until

@ The Milky Way 1s a spiral galaxy with a central bulge in the galactic center and several spiral arms made up of interstellar gas, dust, and billions of stars. One of these
stars 1s the sun, which, with its satellites, makes up our solar system. This 1s located on one of the arms toward the outer regions of the galaxy.
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a the birth of a star

The birth of a star takes place in a gigantic cloud of gas. Stars differ in mass,

color, and brightness, but share the same energy source: nuclear fusion.

The cradles of the stars are huge molec Fahrenheit. At these temperatures, some

ular clouds in space. Composed mainly of of the hydrogen atoms lose their electron
hydrogen, they may also contain heavier shells, and their unprotected nuclei may
elements produced by earlier generations collide with each other. When this
f stars. Thicker areas within the cloud co happens, they fuse to form helium
alesce, drawn together by their own mass nuclei, releasing large amounts of

energy. The greater

birth | diversity | dying stars | starry sky the mass of the

STARS

Stars are colossal power plants, producing energy in
abundance. They are also the source of the chemical
elements that make up the planets—and our own bodies.

protostar, the more
active the nuclear
reactions, until
finally it shines as
a new star.

As they gradually attract more and more
material, they form rotating masses. Each
of these huge balls of gas is the preliminary
phase of a star—a so-called protostar.

Nuclear fusion

Due to its enormous pressure, the core of a
protostar becomes extremely hot. Depend-
ing on the protostar's mass, its interior

can reach up to several million degrees

The main sequence
After the nuclear fusion
process has begun, the star settles into

a stable form. Its interior pressure is high
enough to counteract gravity, so that the
forces both generated and released remain
balanced. This relatively calm period in a
star's development is known as the main
sequence—the phase that our sun is cur-
rently experiencing. A star's main sequence
continues until the supply of hydrogen fuel

@ The Carna Nebuta is a vast, interstellardu
cloud that covers a space of 200-300 light=years

in its core has been completely exhausted. and contains many areas of new star formation

STAR MASSES AND ENERGY LEVELS

A star's mass largely determines its lifespan: the larger the mass, the shorter the star’s life
cycle. While a massive star starts out with a larger supply of nuclear fuel, it uses up its fuel
much more rapidly, since the pressure in its core is greater. Because of this increased
pressure, the core is hotter and more fusion reactions take place per second. The amount
of released energy rises
dramatically, and the star
shines more brightly. A
star ten times as massive
as the sun uses its fuel
1,000 times faster than
one similar to the sun.
Thus, it will shine only for
some 100 million years,
instead of 10 billion like
our sun. Stars with even
o . lower masses use their

R=0.3R, . energy reserves only
1anices 2000 sparingly and can shine |
thousands of times longer
than the sun. |

=8

Sun Sirius
696.000 km, R=18R
*

p 5800 K Temp 10.000 K

in focus




Stars can be distinguished on the

among other factors. Some exhibit

ness. By no means are all stars

singletons like our sun. Two
stars may rotate around their
common center of gravity,

There are also multiple star
systems, consisting of three
or more stars. Stars can
appear in clusters as well,
since they often arise and
develop in groups. These
star clusters may contain

even thousands of stars. If a
star cluster's mass is below a
certain level, its stars will gradually

drift apart.

The meaning of color
Like iron in a forge glowing red or white-
hot, a star's color depends on its surface

stars shine with varying levels of intensity
at different wavelengths. Hotter stars emit
more short-wavelength light than cooler
| ones. Particularly hot stars—with surface

@ the diversity of stars

Stars come in many forms, and they also undergo dramatic
changes over the course of their development.

basis of their size, brightness, and color,

regular or irregular variations in bright-

forming a binary star system.

dozens, hundreds, or perhaps

temperature. According to this temperature,

temperatures up to several
tens of thousands of
degrees Fahrenheit—appear
blue-white to the human
eye. Our sun's surface
blazes at a temperature of
some 9932°F (5500°C), giv
ing it a yellow color. Cooler @ Sinus 1s a
stars, with surface tempera-

tures of only some 1832°F (1000°C), glow
reddish orange. A star's color changes over
the course of its lifespan. For example, a
massive star first shines with a bluish light,
but later appears red when it expands.

Lightweights and heavyweights
Most stars are relatively cool and dim.
These so-called red dwarves, with only
eight to 50 percent as much mass as the
sun, use their hydrogen fuel sparingly and
shine with a reddish color. Astronomical
objects with even smaller masses do not
become hot enough to ignite. Unable to
fuse hydrogen, they become so-called
brown dwarves. These dark objects primar-
ily emit heat radiation. The upper limits of
a star's mass are not reliably known. There
seem to be few stars with more than 100
times the sun’s mass. These extremely
unstable and short-lived stars shine

@ One of the most famous ring clouds is NGC 6720 in the constellation Carina. The nebula rotates around a
white dwarf.

1

uble star Next tc
sky, its dark neighbor Sirnu

stars

Sinus A. the bnightest star

B appears as a blue spot

of the starry

millions of times brighter than the sun.

From our vantage point, they lie hidden

behind the enormous clouds of gas they

emit. It is often unclear whether they are
single or double stars.

in focus

RED GIANTS AND WHITE DWARVES

A star with only a few multiples of the sun’s mass ends
its life cycle as a so-called white dwarf. At some point,
all of the hydrogen in its core has been used up and
converted to helium. No lenger able to resist its own
gravity, the star begins to collapse. As its mass is
pressed together, it hbecomes hotter, and the hydrogen
remaining around the edges of the core can now begin
to fuse. Energy is given off once again, causing the
outer layers of the star to expand. The heat is distrib-
uted over a larger volume, cooling the star's surface
and changing its color: it is now a “red giant.” The core
temperature rises, and the helium within it fuses to
form carbon and other elements. As the helium is grad
ually used up, the star begins to pulsate, ejecting its
outer layers into space. The star's former core remains
behind as a white dwarf, while the expanding shell
forms a so-called planetary nebula. This will be the
eventual fate of our sun, approximately five billion years
from now.

@ White dw

f near Sirius, in the constellation Canis Major




@ dying stars
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The nature of the last phase in the life of a dying star is largely determined
by its mass. The star’s last energy reserves are expended, which can pro-

duce stunning visual effects.

When all the hydrogen in the center of a
star has been used up and fused to form
helium, the core contracts and begins to
heat up. The outer layers of the star also
begin to undergo fusion. This consequently

DYING STARS produce heavy chemical elements.

MASSIVE STARS explode as supernovae

AFTER A STAR DIES, white dwarfs, neutron stars, or
black holes remain, depending on the mass of the ongi-
nal star. A white dwarf can explode as a supernova if it

picks up matter from a nearby star.

RADIATION from a supernova can damage organisms on
a planet, even at a distance of several light-years away.

in focus
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causes the star to inflate massively and
become what is known as a red giant.
Planets orbiting near this star will be
swallowed up. The star glows red because
its energy is distributed over a large surface

undergoes heat-generating
reactions, so it collapses to
be extremely dense.

The fate of massive
stars

Stars above a certain
mass (approximately
ten times the mass

of our sun) become
so dense and hot

that heavier ele-
ments undergo fu-
sion. Carbon, neon,
oxygen, and silicen
undergo fusion.

The formation of ele-
ments heavier than
iron consumes rather
than produces energy,

area. The temperature in the center of a red
giant can easily reach a remarkable 180
million®F (100 million°C).

Meanwhile, at the center of a red dwarf,

thus hastening the star's
eventual collapse.

When the energy source of the
star finally dries up, it collapses and
helium fuses to form carbon and oxygen. explodes in a giant supernova. For a few
The star casts off its outer gaseous enve- days, it shines brighter than its entire home
lope to form planetary nebulae and the car-
bon-oxygen core remains to form a white

dwarf. A white dwarf, however, no longer

galaxy. Within the remaining core of the

star, the atomic components are com-

pressed to such an extreme that electrons
and protons are converted to
neutrons. One teaspoonful

ACCRETION DISKS IN DOUBLE STAR
SYSTEMS

of this matter from such a
neutron star has the mass of

An accretion disk consists of gas or dust. In a close double star system, -
about one billion small cars.

the gas from a red giant can form an accretion disk around a white
dwarf, which slowly
gathers the gas. If the
white dwarf accumu-
lates too much gas, it
will collapse under its
own weight and be torn
apart by a supernova
explosion. Before the fi-
nal supernova, there
can be novae outbreaks
along its surface, simi-
lar to hydrogen bomb
explosions.

The neutron star revolves at
high speed and emits so-
called pulsar radio waves; for
instance, in the Crab Nebula
one pulsar revolves about 30
times per second.

If the neutron star has a
mass between 3 and 15
times the size of the sun, it
undergoes a more radical
gravitational collapse and
becomes a black hole:

0 see also: Theory of the big bang, p. 22

@ The Crab Nebula is the remainder of a supernova
explosion. Chinese astronomers first documented its
glow in 1054

an area of space with such enormous grav-
itational pull that neither matter nor light
can escape from it.

@ Surpnsingly complex structures often develop
when sunlike stars cast off their outer gaseous enve-
lopes at the end of their lives




@ the starry sky

stars

. THE NAMES OF STARS |

Light given off by stars is often outshone by light sources on

Earth. Yet, anyone away from the big cities and looking up to
the night sky can enjoy the stellar sparkle in all its glory.

The.sky is full of stars even during the
day; however, only one of them—the sun
is actually visible, because it outshines all
the others. The stars and planets visible in
the night sky change with the annual

trajectory of the Earth around the sun.

@ This photograph clearly indicates the apparent
tracks of stars around a celestial pole.

People have long tried to recognize
some order among the stars visible in the
night sky. Thousands of years ago, people
around the world traced imaginary lines
between bright stars to create figures of
their gods and mythological characters.
Each culture thus developed its own

Sl LA
f -

constellations. Today, the
International Astronomical
Union (IAU) has set 88 con-
stellations as standard.
Different constellations are
visible depending on the
time of year and one's location.

Celestial poles

The celestial poles are
points on the celestial
sphere in the direction of the
Earth's axis. Because the
Earth revolves around this
axis, the stars seem to rotate
in circles around the celestial
poles. At the Earth’s Poles,
these circles appear parallel

practice

@ The brightest star in the Taurus constellation is Alpha Tauri or Aldebaran
(Arabic: "the one who follows").

The brightest stars have proper names, which often come from Arabic
Later, they were assigned Greek letters
the sequence of their brightness—with the Latin name of the constella
| tion added on. Roman letters and numbers have also been used. Be
cause of the multitude of stars, most are given catalog numbers and only
some are named after astronomers.

usually in alphabetical order in

1
1

to the horizon. Elsewhere,
the stars rise and set along the horizon,
just like the sun and the moon.

Stars and planets
Stars appear variously bright, because they
radiate with different intensities and they

@ This celestial map from the 17th century shows constellations of the Northern and Southern Hemispheres. The
constellations are illustrated as figures of classical Greek and Roman mythology, yet also display a high level of
astronomical detail and accuracy.

0 see also: Astronomy, pp. 18-19

are at different distances from the Earth.
Often they also appear to be trembling or
sparkling, with their brightness flickering
rapidly. Planets are easy to distinguish
from stars in the night sky, because
they do not twinkle at all or only very
little. The twinkling of stars is

caused by schlieren—optical
inhomogeneities in the

Earth’s atmosphere caused

by air at different tempera-

tures. Because stars are

so far away, they appear to

STARS VISIBLE with
the naked eye be-
long to our own gal-
axy, the Milky Way
system.

SIRIUS is the bright-
est star in the night
sky. It belongs to the
Canis Major (Large
Dog) constellation
and it is 8.6 light-
years away.

us essentially as points of
light. This means that their
position in the night sky can
be distorted by atmospheric
turbulence, which appears
to us as twinkling. Since

basics

planets are much closer to us than
stars are, they appear as disks in the
sky. This means that variations in
brightness are spread out equally over
the entire disk area, negating schlieren
effects. Venus, Mars, and Jupiter are
particularly easy to recognize because
of their brightness.
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THE SOLAR
SYSTEM

Advances in space travel have changed the way we have
come to see the Earth, its neighboring planets, and the
universe as a whole. Thanks to space probes we can
now more thoroughly explore our solar system, which is
governed by the sun’s energy. The sun forces planets
and other celestial bodies into specific orbits and pro-
vides light and heat energy to the cold universe. Never-
theless, most regions of the solar system are rather
inhospitable and Earth seems to be the only planet with
such a vast richness of life. Other celestial bodies, how-
ever, may at least be a habitat for microorganisms. A
long time ago, the sun—a stable star—formed from the
same gaseous dust cloud as its surrounding planets.
This process is not unique; other planets have been dis-
covered in the vicinity of such stars. They may also show

signs of life—the search has only just begun.




@ disks of dust and planets

In certain parts of the universe, young planets have been observed to be
surrounded by dust disks. Some of the events happening here are thought
to be similar to the formation of the solar system.

The solar system is governed by the sun.
Due to its gravity, planets and other celes-
tial bodies are forced into more or less
circular orbits around it. This system origi-
nated from an enormous cloud of gas and

not present as a rule, therefore the exact
process of how planets form is yet to be
discovered. The dust is sometimes
absorbed entirely by the star, or alterna-
tively, is blown into space, either by the

disks | planets | orbits

THE SOLAR SYSTEM

The Earth and many other celestial bodies orbit the sun
like a merry-go-round. These celestial objects each differ
in the nature of their orbits, from the close circling of the
planets to the elongated paths of more distant comets.

star's own radiation or by
that of another nearby star.

Formation of planets

It is thought that particles in
the dust disks accumulate
together, gradually creating
lumps that combine and
attract more and more dust

in focus

as they grow into planet-

sized objects. Once young
planets have reached several times the
size of Earth, their gravity enables them

dust; condensed by its own weight, a star
formed in its center. This was our sun

(p.34), around which the remainder of the
cloud continued to circle. Due to the cen-

to bind even gas, with the result that they
will eventually become huge gas planets,
much like Jupiter, Saturn, Uranus, and Nep-
tune (pp.44-45). Dust disks can be ob-
served by masking out the bright glare of
light from the star in the center. In this way,

trifugal force, this cloud flattened into a
disk, from which the other celestial bodies
of the solar system emerged. Although
these protoplanetary disks have also been

obsertved surrounding young stars, they are  gaps and deformations in the disks can

WHAT IS A PLANET?

On August 24, 2006, the International Astronomical Union redefined the
term “planet” and decided on the following conditions: 1. A planet orbits
around a star and is neither a star nor a moon; 2. Its shape is spherical
due to its gravity; 3. It has “cleared” the space of its orbit.

A “dwarf planet” such as Pluto (p. 46) only meets the first two condi-
tions. Celestial bodies that only meet the first condition are referred to
as small solar system bodies, for example, asteroids or comets.

L

Sedna
800-1,100 miles
in diameter

Quaoar Pluto
(800 miles) (1,400 miles)

Moon
(2,100 miles) (8,000 miles)

@ Planet Earth, the moon, an

Neptunian objects (p.46) Q

arf planet Pluto compared by size: the trans
nd Sedna are no more than dwarf planets

@ Weak sunlight reflections on the finely spread dust
of the solar system is known as zodiacal light

become visible. These paths in the dust are
thought to be cleared by young planets
during their formation.

Finely distributed dust is also present
throughout the solar system. It extends out
around the sun, mostly within the plane of
the planetary orbits. The reflected light can
be observed from Earth, especially from
the tropics. This zodiacal light (or “gegen-
schein” when it is seen opposite the sun) is
best viewed just before sunrise or just after
sunset on very clear and dark nights.

@ Planets and other celestial bodies emerge from protoplanetary disks

Q see also: Stars, pp. 26-29
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THE SOLAR SYSTEM
emerged from a
huge, circling cloud
of gas and dust
about 4.6 billion
years ago.

THE EARTH orbits
around the sun at a
distance of almost
93 million miles
(150 million km).

basics

@ orbits of celestial bodies

The objects of the solar system come in all kinds of shapes and can be
classified by size, type, and orbit.

Inner solar system

The sun (p.34) and all the celestial
objects orbiting it, including the planets,
make up the solar system. Their move-

ments are more or
less in the same
plane and almost
circular, except
Mercury, which has
a more elongated
orbit. A top-down
view onto the solar
system shows it
has several well-
defined regions.

The regions of the solar system
The planets Mercury (p.38), Venus (p.38),
Earth, and Mars (p.41) travel along the
inside orbits. These planets are mainly

the solar system

THE LIFE ZONE

The Earth orbits the sun at the “rnight’
distance for warming: it is not too cold
and not too hot. This, along with the
right atmospheric pressure, allows wa
ter to occur not only as ice or vapor,
but also as lquid. This is a precondi-
tion for life forms we are familiar with,
although some microorganisms survive

|
Kuiper belt

in extreme conditions. The “life zone”
“lutn

is the distance belt around a star that

allows water to be liquid, and is depen-

4 dent on solar radiation intensity.

Saturn

Neptung

Quter solar syslem

@ Earth s a life-friendly planet thanks to
its suitable distance from the sun

in focus

orbits by an asteroid belt (p.42) of
mostly irregularly shaped rocks, only a
few of which are larger than about 60
miles (100 km).

The dwarf planet Pluto (p.46) and
several smaller objects circle outside of
Neptune’s orbit in the Kuiper belt (p. 46).
Several comets (p.43) also originate from

M Proportions of the solar system: The inner solar system 1s surrounded by the outer solar system, including the here. Their glowing tails often become
Kuiper belt (p. 46). The trans-Neptunian object S a (p.46) is ar estial body on the outermost i . .
edge of the Kuiper belt. All of these objects are largely enciosed by the Oort cloud visible when they move into the inner

solar system.

The Oort cloud (p.43) is thought to be
located even further outside. It encloses
the planetary system like a shell, creating a
boundary. The cloud consists of icy celes-
tial bodies spread over a vast area. This is

rocky and due to this similarity with the
Earth are also referred to as terrestrial or
telluric planets. None of these planets,
except the Earth, offer suitable habitats for
living creatures. The only planet to come
close to a state of sustaining Earthlike where comets accumulate, and from time
life is Mars.

The planets traveling along
the outer orbits are Jupiter
(p.44), Saturn (p. 44), Uranus
(p.45), and Neptune (p.45).
These are much larger than
the terrestrial planets and
consist mostly of hydrogen
and helium gas. Hence,

to time are diverted into the solar system.

they are often referred to
as the gas giants.The two

planet groups are separated .

between Mars' and Jupiter's ta

ize comparison of the sun, the planets, and dwarf planets. The dis-
are much larger in reality and not shown true to scale
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@ anatomy of the sun

The sun's energy is generated by nuclear fusion. Its layered structure is
similar to the layers of an onion. During a solar eclipse the sun’s outer gas
layer, the chromosphere, becomes visible.

he sun is a sphere full of ionized

gas in the form of hot plasma. The

plasima contains mostly hydrogen,

and then smaller quantities of helium

and other heavier chemical elements.

s g -ﬁ
anatomy | magnetic fields | cosmic weather | solar research |
i

THE SUN

The sun is the star central to both our planetary system
and our lives as a huge power station providing the Earth
with warmth and light. Its particle radiation generates the
beautiful auroras (northern lights or southern lights) in the

tronics, satellites, and astronauts.

Earth’s atmosphere, but can also cause damage to elec- |
|
\
|
|

The atoms of these gases hit each other
with great force because of the extremely

high temperatures. During this process,

atomic nuclei and electrons are separated

from each other. The sun comprises

almost 99.9 percent of the total mass

of the solar system. It has about 333,000
times the mass of the Earth, and 109 times
the diameter.

The layered structure of the sun

___ The sunis held together by
its own mass. This creates
enormous pressure at the
center, where the tempera-
ture is about 27 million°F
(15 million°C). Due to
the intensity of the heat,
hydrogen nuclei move very
quickly and can overcome
their electrical repulsion to
fuse together. Energy re-
leased from this fusion reac-
tion in the core is the energy
we eventually receive on Earth. The solar
core is surrounded by an extensive layer
referred to as the radiative zone. This is
where the radiation from the core is pro-
jected back and forth between plasma
particles in a process that can take up to a
million years before finally
passing through the radiative
zone and reaching the next
layer, the convection zone.
Here, energy is transported
to the surface of the sun
by means of hot plasma
movements, which cause
the surface of the sun to
appear to bubble.

The convection zone is
surrounded by the photo-
sphere. This layer is only a
few hundred miles thick with
a much cooler temperature
of around 9900°F (5500°C).
The photosphere emits the
light that we can see on
Earth. This layer is, therefore,
often referred to as the sun’s
surface, even though a star

POWER STATION SUN

Stars like the sun mainly produce
energy during a process called proton-
proton chain reaction. Hydrogen nuclei
are positively charged protons. When
these protons fuse, a proton is con-
verted into a neutron, and an atomic
nucleus with two particles is produced.
When this merges with another proton,
a nucleus of three particles is formed.
Finally these nuclei can go on to form
a helium nucleus with two protons and
two neutrons, releasing two of the
original protons. Additional particles
released during this chain of reactions
include paositrons, neutrings, and very
high-energy gamma rays.

@ When the moon covers the sun during
an eclipse, normally unseen aspects of
the sun's gas layers can become visibie.

in focus

as such. The next layer up from the photo-
sphere is the chromosphere. Although

the itlumination from the photosphere nor-
mally overpowers this reddish shimmer, it
can be observed for a few seconds during
a solar eclipse. In the chromosphere,

the temperature rises again to 18,000°F
(10,000°C) while the particte density
decreases significantly.

The photosphere is enclosed by the
corona which is visible during a solar
eclipse in the form of an aureole of varying
widths. The solar matter of this layer is very
thin and gradually merges into interplane-
tary space. In the corona, the temperature
rises to about 3.6 million°F (two million°C)
again. How the temperature is heated up to
such a degree has not yet been explained,
but a possible source of energy might be
the sun’s magnetic field (p.35). Electrically
charged particles are constantly released
from the corona; it is these particles that

enter through nuclear fusion. The energy is trans-
ec Tl see from the sun is

nvection. The visible light we

does not have a firm surface  are referred to as solar wind (p. 35).
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the sun

a magnetic fields and solar wind

The sun’s influence extends far into space. The complex magnetic field of
the sun changes continuously within cycles that last several years. These
are tied into various phenomena, such as the formation of sunspots.

The hot plasma (gas) of the sun consists  resulting in a complex interaction of infiu
of electrically charged particles. The sun
rotates faster near its equator than it does

near its northern and southern latitudes,

ences. The consequence of these pro
cesses together is that the magnetic fields

of the sun are continuously changing

shape. Sometimes, they are similar to
those of the Earth, in that the field lines
run straight from pole to pole.

of sunspots. The filament

@ Bright prominenc
p of the sun's material flow along magnetic field lines

es form within the range
made u

At other times, due to the sun's uneven  against a dark background they appear as

rotation speeds between the equator huge prominences that flare outward and

@ Sunspots appear dark because they are compari-
tively cooler regions caused by strong magnetic fields.
and hot plasma rises from the center
toward the surface during this rotation,
creating electrical currents. These form
magnetic fields over the sun, which in turn
feed back and affect the electrical currents,

4

and poles, the fields become more
and more twisted, resulting in their
effects being amplified a thousand-

Magnetic field lines emerge in these
areas, known as sunspots, while
retreating in others. Sunspots appear
darker in comparison to their surround-
ings because the emerging magnetic
fields block the rising plasma, causing
patches of cooler temperature where less
energy is being transported to the surface
from the interior.

Some plasma is guided along the mag-
netic field lines creating filaments; these
enormous protuberances consist of the
sun’s material and can last anywhere
from hours to months. When viewed

Heliosheath

fold in several regions of the surface.

loop back toward the surface.

The sunspot cycle

The total number of sun-
spots depends on the
distortion cycle of the solar
magnetic field. During a
sunspot minimum, when
field lines are straight, there
are almost no visible sun-
spots. As the fields twist over
a period of about 11 years,
more develop until the sun-
spot maximum, the point at
which the solar magnetic
field reverses polarity and
straightens out. The previ-
ously magnetic north pole

is now the magnetic south
pole and vice versa. A full
cycle of magnetic repolariza-

basics

THE SUN has a ratio
of one million hydro-
gen nuclei to
98,000 helium
nuclei, and several
hundred nuclei of
heavier elements.
About 72 percent

of the solar mass
accounts for the
hydrogen mass and
about 26 percent for
the mass of helium.

EVERY SECOND, the
sun loses a mass of
about one million
metric tons (one
billion kg) due to
solar wind.

tion therefore includes two sunspot cycles

and takes about 22 years.

Solar wind

7} Voyager 1|
AN

ey
/
. ¢

Termination shock

/

@ The heliosphere is a bubble-like area in space, cleared of interstellar material by the pressure of the solar wind.

O see also: Magnetic field of the Earth, p. 57

B

The thin outer layer of the sun, the corona
(p.34), reaches far into space. Due to its
extreme heat, the sun's matter is continu-
ously released as solar wind. This wind
mainly consists of protons, electrons, and
helium nuclei, which are found between
the Earth and the sun. Solar wind often
reaches speeds of about 250 miles per
second (400 km/s), and sometimes double
this. It creates its own magnetic fields,
which deform the shape of both.the sun
and the Earth's magnetic fields.
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@ cosmic weather

The sun is not merely a source of light and heat to its surrounding environ-
ment. Solar radiation is a factor that influences many cosmic and terrestrial
phenomena, some of which can be harmful.

The planetary system is surrounded by
the sun’'s magnetic field and by solar radia-
tion. The latter includes mainly visible light,
thermal radiation, ultraviolet radiation, radio
waves, x-rays, and electrically charged par-
ticles in the solar wind (p.35). The Earth's
atmosphere is equipped with a relatively
effective shield, which protects it from such
radiation. Electrically charged particles are
deflected by the magnetic field of the

Earth. Similar to terrestrial weather condi-
tions, these predominant conditions in
space are called cosmic weather. They
fluctuate depending on solar activity and
may temporarily become harmful.

The moody sun

Sometimes the sun explosively catapults
solar matter into space (coronal mass ejec-
tions), and small areas of the solar surface

may flare up for short periods of time. The
energy released during one of these events
is almost equivalent to the amount of total
solar energy emitted per second. At this
time, the sun also ejects high-energy elec-
trons and protons. So far, it is only possible
to partially predict these phenomena. They
tend to occur at regular and observable
intervals. The intensity of solar radiation and
the frequency of its outbursts correspond
in fluctuations with the regularly recurring
sunspot cycle.

Effects of the Earth’s magnetic field
Electrically charged particles from the sun
and the Earth's upper atmosphere create
circular radiation zones in the Earth’s mag-
netic field. They include the Van Allen

@ The sun can flare intensely from relatively small, localized areas in
solar ejections that release extremely large amounts of energy.

THE SOLAR CYCLE

radiation belt above the Equator and the

in focus

Solar activity is closely linked to the 11-year sunspot
cycle. Sunspots are the result of locally amplified mag-
netic fields that emit extreme levels of radiation and can
cause intense flares. An increase in sunspots, therefore,
can be interpreted as a sign of potentially greater solar
activity and consequently can act as an indicator for tur-
bulent cosmic weather.

Cosmic weather predictions are important in the case
of astronauts, who may be seriously endangered at
times of sudden elevations in solar activity. In the event
of increased solar activity, astronauts must seek shelter
in protected areas of the space station. Efforts in finding
ways of predicting solar activity similar to a terrestrial
weather forecast are still ongoing.

@ Solar activity corresponds closely to the 11-year sunspot
cycles on the sun, caused by regular magnetic field activity

O see also: Atmosphere, pp. 112-113

equatorial electrojet. Electric currents ahove
the polar areas reach down to an altitude of
about 330,000 feet (100 km) and result in
the phenomenon known as the northern or
southern lights, visible at lower latitudes. If
large amounts of particles hit the Earth's
magnetic field—for example, after a coronal

@ Durning times of high solar activity, electrical cur-
rents in the polar regions cause the air molecules to
glow, which creates auroras.

mass ejection by the sun—then a
geomagnetic storm can occur.

Geomagnetic storms
Intensified particle radiation amplifies the
electric currents of the Earth's magnetic
field, which may overlap with the terrestrial
field and cause it to fluctuate, potentially
causing geomagnetically induced currents
in transmission lines and transformers. For
safety reasons, regional power supplies
and telecommunication services may be
manually shut down. Increased amounts of
charge carriers in the atmosphere, as well
as the intense radiation of flares, can also
disrupt terrestrial radio communication, sat-
ellite communication, and navigation.
Geomagnetic storms may also damage
satellite electronics. Moreover, the upper
atmosphere is heated and expands, which
slows down satellites that are close to
Earth, potentially altering their orbit. Radia-
tion exposure risk is slightly elevated for
aircraft flying at higher altitudes, and even
affects migrating birds and carrier pigeons,
which can become disoriented.

=ty




-

@ solar research

Many phenomena related to the sun can be observed and studied from
Earth. A more detailed investigation of developing solar magnetic fields and
flares is, however, made possible by the use of space probes and satellites.

Ancient cultures observed and studied
the position of the sun throughout the year,
recording important or unusual events such
as solar eclipses. But the invention of the
telescope around 1600 was the break-
through, finally allowing systematic obser-
vation of the sun's surface. However,
specialized equipment must be used for
this, as observations of the sun may lead
to serious eye damage or even blindness.

One of the major advances in solar
research in the 19th century was the dis-
covery of dark lines in the solar spectrum

@ Space probes such as the SOHO carry highly specialized instru-

no electric charge and can easily pass
through solid matter, are generated during
solar energy production.

Satellites and space probes
Several satellites observe the sun from
orbit. They are especially useful for study-
ing the parts of solar radiation that are
blocked by the Earth's atmosphere, such
as ultraviolet radiation and x-rays.

Due to the high temperatures and inten-
sive radiation, it is technically challenging to
bring space probes close to the sun. In the
1970s, Helios 1 and 2 were

the sun

@ A coronagraph blocks the brighter parts of the sun
to create an image with visible coronal ejections.

since 1995. The space probe is orbiting the
First Lagrangian Point (L 1), while the Earth
simultaneously orbits the sun. A second
satellite called TRACE was sent for support
in 1998. Together, they track the
development of magnetic

sent into elliptical orbits
around it, and were able to
reach less than one-third of
the Earth’s distance in prox-
imity. The space probe
Ulysses has been orbiting
around the sun and across
its solar poles since 1990.
This allows a unigue view of
the solar magnetic field from

fields, plasma structures,
and mass ejections of the
sun. They are a major con-
tributing factor in the predic-
tion of solar flares.

Two STEREO space
probes have been in orbit
around the sun since 2006.
One of them is traveling
ahead of the Earth, while

basics

THE SUN’S ENERGY
SOURCE was not
known until the 20th
century. Previously it
was thought that the
sun might consist of
glowing coal. A fur-
ther idea was that
the sun might have
drawn energy under
compression from
its own gravity.

the “top” and “bottom” per-
spectives. The Solar and
Heliospheric Observatory
(SOHO) has been orbiting
along the Earth-sun line

ments and technology in order to record observations of the sun.

of light. In 1814 Joseph von Fraunhofer
began to systematically study these lines,
which were later named after him. The
composition of the outer gas layers of the
sun can be derived from them.

The sun was first recognized as a source
of energy during the first half of the 20th
century, when hydrogen fusion was discov-
ered. Solar radio waves and x-rays were
also discovered, and the first solar vibra-
tions were measured during the second
half of the century. This provided much
information about the inner structure of
the sun. Giant underground detectors
were built to measure the level of neutrinos
emitted by the sun. Neutrinos, which have

O see also: Exploring the solar system, p. 51

SPECTROSCOPY

A spectrograph splits the light according to
its wavelength, similarly to the way a glass
prism does, but in much more detail. Many
parts of sun spectra recorded in this way
show dark lines. These are the result of var-
ious gases from the photosphere (p. 36)

-
Ultraviolet
x-1ays
gamma rays

l4,000

5,000

in focus

the other one is traveling

behind. This allows for three-
dimensional measuring of processes
taking place within the sun and
solar wind.

absorbing hight of certain wavelengths. This
allows analysis of the sun's chemical com-
position. The magnetic field of the sun can
also be measured using the spectrograph
method because it splits the lines. Even the
light of other stars can be analyzed.

-
Infrared
radio
spectrum

|
17,000

]6,000

@ Dark absorption lines appear in the various spectra of light depending on the chemical
composition of gases present in the photosphere or atmosphere of distant objects
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@ mercury and venus

Mercury and Venus are relatively close to the sun, so both are
scorching hot. Neither one has any moons. Other than that,
they are very different. Venus—in contrast to Mercury—has a

dense carbon dioxide atmosphere.

the innermost and smallest

fthe I ystem. Its surface is
nt cliffs and areas of angular
terrain that extend over hundreds ot miles

mercury | venus | moon | earth-moon system | mars

INNER PLANETS

The surfaces and gaseous envelopes of Mercury, Venus,
Earth, and Mars are clearly distinguishable. None except
Earth can support life. The Earth is also distinguishable
by the presence of its moon. Since the moon is relatively
large, the Earth and moon are sometimes referred to as a

double planet system.

These features are the result of compres
sive stress within the crust. They may have
developed after the igneous phase of the

planet, when the planet cooled off and

contracted. Temperatures on the surface of
Mercury reach as high as 800°F (430°C)

and as low as about -270°F
(-170°C). This extreme
difference between high
and low temperatures is due
to Mercury's
thin gaseous
atmosphere,
which cannot
mountain ndge:
store heat.
Mercury's proximity to the
sun has made investigation
difficult, because space
probes need to withstand
both the intense radiation
from the sun and its gravita-
tional pull. In the 1970s, the
Mariner 10 probe investi-
gated Mercury as it flew past the planet.
Today, NASA is preparing their space probe
Messenger, which is due to orbit Mercury
in 2011. The launch of the European-
Japanese mission BepiColombo is
planned for 2013.

Venus is the second
planet from the sun and is
nearly as large as the Earth.
Venus glows brightly due to
a dense creamy-colored
cloud cover made up largely
of sulfuric acid droplets,
which reflects more than 70
percent of the incoming so-
lar radiation. By comparison,
the Earth reflects only about
40 percent.

The atmosphere of Venus
contains carbon dioxide,
nitrogen, and traces of sulfur
dioxide, water, and other
substances. Venus has the
densest atmosphere of all
terrestrial planets: pressure
on the ground is about 80
bar—the equivalent of oce-
anic pressure at a depth of

@ The surface of Mercury has numerous

and plateaus—presumably of volcanic ongin.

meteorite craters, large

2,950 feet (300 m). Ground temperatures
can reach 860°F (460°C). The surface of
Venus resembles a rocky desert, with giant
plateaus, depressions, highlands, volca-
noes, and craters. Some interplanetary
space probes have already brought back
scientific data from Venus, and the planet
has been studied by the European Venus
Express since 2006.

THE ROSETTE ORBIT OF
MERCURY

The orbit of Mercury is neither circular
nor elliptical; rather, it performs a
rosette-like orbit. The deviation is
small but measurable. Weaker devia-
tions also occur among the other plan-
ets. The orbital deviations cannot be
fully explained by Newton's theory of
gravitation; however, Albert Einstein’s
theory of general relativity provides an
adequate explanation.

Mercury
Sun

(2

2

g @ After one orbit around the sun. Mercury

s does not return exactly to its onginal start-

=




@ the moon

No other celestial body is as close to Earth as the moon. It has been com-
prehensively explored, but some of its secrets have still not been revealed.

The surface of the moon, scarred with
craters, provides a glimpse of what the

Earth might have looked some four billion

years ago. At that time, the newly formed

planet was exposed to a hail storm of as-
teroids (p.42). Since then, the craters on
Earth have been eroded by wind and water
or filled in by terrestrial changes in the
Earth's crust. In contrast, the appearance
of the moon has barely changed since the
formation of its lowlands.

Lunar seas and craters
Before much was known about the moon,
its dark lowlands were thought to be seas.
It was on the Mare Tranquilitatis (Sea of
Tranquility) that the first human visitor left
his footprint in 1969 (p.48). Today we
know that these lunar “seas” are solidified
lava flows that have filled impact craters
and depressions.

The moon does not have a protective
atmosphere, meaning that large and small
meteorites are not prevented from impact-
ing it. These collisions have pulverized

O see also: Tides, coasts, and waves, p.99

the rocks on the surface, creating a layer
of rubble and dust called the regolith
The bright highlands of the moon were

formerly thought to be continents and

Imost entirely of highlands and has many more craters

were called terrae. They are geologically
older than the lowlands and covered

with substantially more craters. Most of
these craters come from asteroid impacts
during the early life of the moon. They are
named after astronomers, philosophers,
and other scholars. Because it lacks a
gaseous envelope, temperatures on

the moon can vary extremely. In full

inner planets

Water ice

Th T ni 1 xtrer dry celestial
body, especially in mpanson with its
nearest neighbor, the water planet Earth
Neverthele space probes have found
evidence of possible water ice in the polar

regions of the moon. For instance, ice from
impacting comets could lie at the bottom

of deep polar craters, where it would

e back of the moon is distinctly different from the front

remain out of reach of heating by solar ra-
diation (and thus would be protected from
evaporation and escape). Such water ice

could be a valuable resource for any future

space stations or human settlements on
the moon.

solar radiation the temperature
reaches approximately 265°F

(130°C) and drops again to

about -255°F (-160°C) during

the lunar night.

@ This false-color photograph
shows the different surface soil
composition of the moon. Red
areas generally correspond to the
lunar highlands, while blue to
orange shades indicate the
ancient volcanic ava flow of a
mare, or lunar sea. Bluer mare
areas contain more titanium than

the orange regions.
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the earth-moon system

The Earth and moon were forced into coexistence by the collision that cre-

LUNAR AND SOLAR
ECLIPSES

ated the moon. Since then their movements have been closely interwoven.

They influence each other, creating diverse phenomena

The moon darkens when It passes
through the shadow of the Earth. The
sun darkens when the shadow of the
moon talls onto the Earth. In both in

moon Is four times Moonlight and earthlight
stances, sun, moon, arth are in &
t of the Earth. In compari The side of the moon that is illuminated by ances, sun, moon, and [drthnrem“ﬂ
straight line. However, the moon orbit
her f other planets are propor the sun reflects that light back to the Earth is inclined with respect to the Earth
itely much smaller. Because of this, the The amount of moon visible to the Earth orbit, so that eclipses do not occur dur-

Earth and moon are sometimes referred to

1s a double planet system. The moon has

more influence on the Earth than an aver

age planetary moon. However, the gravita-

tional force of the moon 1s too small to

maintain an atmosphere.

CLOSE TO THE HORIZON, the moon looks larger than
when 1t is high in the sky. This is an optical illusion

THE TIME BETWEEN two equal moon phases, that is from
full moon to full moon, lasts 29.5 days

THE MOON'S ORBIT around the Earth, relative to the
Earth's orbit around the sun, is tilted by 5°

Origin of the moon

Based on computer simulations and exam-

tions of moon rock, it is thought that the
E with a smaller proto- Synchronous rotation
d on years ago. The The moon always shows the
z N this collision formed a ring same side to the Earth—this

basics

depends on its position in relation to the
sun. The moon changes its phases over
the course of a month as it orbits the Earth
At new moon, the dark side of the moon
(that part not lit by the sun) is directed at
Earth. At full moon, we see the half of the
moon lit by the sun and the
sunlight reflected from it
Even the dark side of the
moon is never totally black—
it is lit by earthlight (sunlight
reflected by the Earth's
clouds). By measuring this
ash gray light, we can recog-
nize changes in cloud cover

and the Earth’s atmosphere.

7]

as long for
one oroit

e orbit around the Earth

ing each orbit of the moon.

oon’s shadow is smaller than the
Earth, so a complete solar eclipse can

N focus

as it does for one revolution around itself.
This synchronous rotation is caused by tidal
periodicity. Early in the moon’s history, its
rotation slowed and became locked in this
configuration with the Earth as a result of
frictional forces caused by tidal effects from
the Earth. Another consequence of the tidal
interaction between the Earth and the
moon is that the gravitational force of the
Earth's tidal peaks pulls the moon slightly
along its orbit. This causes the moon to
travel faster and raise its orbit, so that the
moon moves roughly 1.5 inches (3.8 cm)
further away from the Earth every year.

d the moon

and solidifying:




DIAMETER of Mars:

@ mars

Mars is only half as large as the Earth, and it is enclosed by a thin atmo-
sphere. From all the planets of the solar system, its surface conditions are
closest to those on Earth—so it has long been of great interest to science.

Mars is 1.5 times further from the sun
than the Earth. It is known as the Red

Planet due to its rusty coloration, as its sur-
face is high in iron oxide. The rotation of

@ The largest canyon in the solar system, the Valles Marineris, is about
nine times longer and four times deeper than the Earth's Grand Canyon.

Mars on its axis takes 24.6 hours. It is
orbited by two moons: Phobos, with a
diameter of 16
miles (27 km), and

46221 miles Deimos, diameter
794 k ) )

( m) nine miles (15 km).
DISTANCE of Mars

to the sun:

142 million miles
(228 million km)

ORBIT of Mars
around the sun:
687 days

Atmosphere
Mars's atmosphere
consists of 95
percent carbon
dioxide, 3 percent

basics

O see also: Exploring the solar system. p. 51

nitrogen, and small amounts of argon,
oxygen, carbon monoxide, and water vapor.
The atmosphere is thin with a ground pres-
sure varying between four and nine milli-
bars. By comparison, the
atmospheric pressure on
Earth at sea level is 1,013
millibars; therefore without a
pressurized suit and an oxy-
gen supply a human could
not survive. Only a little heat
can be stored by the thin
atmosphere, and tempera-
ture differences are extreme.
They can vary between
-112°F (-80°C) and 68°F
(20°C) at the Equator.

The surface

Mars's atmosphere must
once have been denser, as
river valleys with streamlined islands indi-
cate the presence of running water. Nowa-
days, water can only last in the form of ice
or water vapor, although the presence of
liguid water underneath Mars's surface is
still possible. By means of radar measure-
ments made by the European space probe,
Mars Express, water ice has now been dis-
covered at the south pole, embedded deep
within the ground. The surface of Mars
resembles a rocky desert. The northern
plains, flattened by lava flows, contrast with

@ Impact craters on Mars provide scientists with a glimpse of the
deeper layers of the planet, and give clues to Mars’s history.

the southern highlands, which have huge
impact craters. The volcano Olympus Mons
is the highest mountain in the solar system,
reaching 16 miles (26 km) above the
lowland—three times higher than Mount

LIFE AND WATER ON MARS

Biochemical data taken by the Viking probes during the
1970s may indicate the presence of microorganisms
on Mars. Another indi-
cation of life in the
Mars atmosphere is the
presence of methane.
This could have devel-
oped geochemically or
from the metabalism of
microorganisms. Mete-
» orites from Mars have
8 also shown possible
o

c

@ Evidence suggesting the ex- | d
istence of life on Mars remains evidence of fossilized
scientifically controversial. microorganisms.

Everest. The Valles Marineris is part of an
enormous trench system across the planet.
It extends for more than 2,485 miles
(4,000 km) and in places is four miles
(seven km) deep.

@ Mars's red soil is caused by high levels of iron

oxide. Large amounts of sulfur and silica have also
been found in the surface.
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@ asteroids

Asteroids are irregularly shaped boulders, usually less than 60
miles (100 km) in diameter. They orbit the sun, generally in slightly
elliptical orbits. A few can stray through the solar system.

Most asteroid

e found In the region

ir system called the asteroid belt,

which 1s a nng of

elestial objects of vary-
rbiting the sun between the plan-

1 Jupiter. Approximately 200

\l

asteroids | comets

ASTEROIDS
AND COMETS

Asteroids and comets are probably remnants from the
time the solar system formed. Consequently, they are
fascinating to science, providing clues to the early life

of the solar system.

asteroids in this belt have diameters larger
than 60 miles (100 km). Asteroids are rem-
nants of material from the beginning of the
solar system, not fragments of planets as
previously believed.

Jupiter's gravitational force prevents the
asteroids in the asteroid belt from agglom-
erating into planets. Sometimes the aster-
0ids’ orbits are disturbed by collisions or
gravitational forces, causing them to career
off through space and possibly impact with

. ESTIMATING IMPACT RISK

The risk posed by an asteroid or meteorite increases
with the probability of a hit and possible damage that
could be inflicted. The
magnitude of damage
expected depends on
the speed and compaosi-
tion of the object (ice,
porous or solid rock,
metal). The impact of a
325-foot (100-m) rock
could devastate an en
tire region, and an as-
teroid several miles
across could trigger a
= 1 sk 16 - global, environmental
elestia t : catastrophe.

!
!
§
i

practice

planets or their moons.
Sunlight reflected by
asteroids can be analyzed
by spectroscopic examina-
tion, which reveals the chemi-
_____calcomposition of
| their surface areas.
Fragments from asteroids
sometimes fall to Earth
as meteorites, which can
be studied. Asteroids have
also been examined by in-
terplanetary space probes
(p.43). Around 75 percent
of asteroids have dark sur-
faces containing carbon
(graphite); the rest have
~  bright surfaces and consist
of silicates or iron and nickel.
Occasionally, asteroids come close to
Earth or cross its orbital path—some have
even passed within the moon's orbit. As
the effects of a large asteroid colliding
with Earth could be catastrophic, they
are systematically monitored from various
positions around the globe. Although they
may pose a threat now, it is a possibility
that the asteroids and comet collisions
with the Earth first supplied the planet

@ The results of many asteroid impacts can be seen
in the impact craters on the moon

with water and the chemical building
blocks necessary for the later development
of living organisms.

Other names for asteroids are planetoids
or minor planets. The first celestial object of
many to be discovered in the asteroid belt
was Ceres in 1801, by the ltalian astrono-
mer Giuseppi Piazzi. Today, Ceres is the
largest known asteroid with a diameter of
580 miles (933 km) and, like Pluto, is
considered a dwarf planet.

act 65 million years ago may account




® comets

Comets are celestial bodies that are
invisible until they near the sun. Some

comets have short orbital periods and are

@ Comet Hale-Bopp was v

thought to originate from the Kuiper belt,
beyond the orbit of Neptune. Comets with
orbital periods over 200 years are believed
to originate from the Oort cloud that sur-
rounds the solar system—almost out of
range of the sun's gravitational force. These
comets are so far out in space that one
orbit can last up to 30 million years.

A comet awakens

The core of a comet often measures only a
few miles across and is composed of ice,
rock, dust, and frozen gases. When the
comet penetrates the inner solar system it
Is warmed by the sun, the volatile compo-
nents escape, and jets of gas and dust are

expelled. A fog-like envelope (the coma)

then forms around the core. The

glows because it reflects sunlight and its

atoms and molecules
release radiation. The pres-
sure of sunlight and solar
winds loaded with electri-
cally charged particles blow
the coma away from the sun,
leading to the formation of a
comet “tail." This tail extends
as a plasma tail of electri-
cally charged molecules or
as a curved dust tail.

The end of a comet
Each orbit around the sun
causes the comet to lose
matter from its coma until it

Comets are essentially chunks of dirt and ice. They have changed even less
than asteroids since the beginning of the solar system. Therefore, comets
can provide valuable information about their origin.

oma

sible to the naked eye for 18 months, making it one of the most spectacular comets
of the 20th century. It passed its closest point to the sun on Aprit 1, 1997

in focus

asteroids and comets

breaks up. Some comets get so close to
the sun that they vaporize (sun-grazers),
while others hurtle directly into the sun.

Meteorites

Shooting stars that flash across the sky are
actually caused by dust, rock, or metal
bodies burning up in the atmosphere; they
can originate from planets, asteroids, or
comets. Larger chunks do not burn out
completely and reach the surface of the
Earth as meteorites. There are also meteor-
ite showers that can occur annually due to
the Earth crossing a comet's orbit and the
material lost by the comet entering the
Earth's atmosphere.

MISSIONS TO ASTEROIDS AND COMETS

Numerous asteroids and comets have already been explored. In 1986,
an international armada stormed toward Halley's comet. Galileo (NASA)
passed two asteroids
on its way to Jupiter in
1991 and 1993. Star-
dust (NASA) visited the
comet Wild 2 in 2004
and gathered dust par-
ticles that were re-
turned to Earth. Rosetta
(ESA) is currently on its
way to orbit and launch
a landing probe on to
the comet Churyumov-
Gerasimenko, which it
will reach in 2014,

@ Numerous space probes and missions have
explored asteroids and comets
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@ jupiter and saturn

The world of the two largest planets has been brought closer to us since
the 1970s, with the help of several space probes. It consists of gloriously
colored gas envelopes, unique moons, and complex ring systems.

The giant planets, Jupiter and Saturn, are
called gas giants because they are im
mersed in gas envelopes of hydrogen and

helium. Unlike the rocky planets closer to

conductive. This, combined with its im-
mense rotational speed of one cycle every
ten hours, produces a powerful magnetic
field and results in turbulence and storms

in the atmosphere, some of which are visi-
ble even with basic tele-

the sun, these so-called Jovian planets

jupiter | saturn | uranus | neptune | pluto | extrasolar planets

OUTER PLANETS

The outer solar system is dominated by four gaseous mede s thegsoia syst?m's
planets: Jupiter, Saturn, Uranus, and Neptune. They are fol- | jargast moorT ar.]d D ',ts
lowed by the dwarf planet Pluto and numerous other small | own mggpetic ficlRElEiER
celestial bodies. Other stars are also orbited by planets. In
the near future, intergalactic telescopes may find Earthlike |
planets in outer space too, and possibly other life.

scopes. Jupiter is encircled
by roughly 62 moons—the
four largest were discovered
in 1610 by Galileo. Gany-

{ most volcanically active

have no solid surface as such, they simply
consist of layers of atmosphere at increas-
ingly high pressures. The deepest layers of
gas may behave more like a liquid under
such pressure. The cores, however, may
be rocky or metallic.

Jupiter is 2.5 times bigger than all the
other planets in the solar system com-
bined. The high pressure in its atmosphere
causes hydrogen to have metal-like
properties and become electrically

. THE CASSINI-HUYGENS MISSION

\

‘ The double space probe

| Saturn orbit Cassini-Huygens (U.S./Europe)

[ insertion was launched in 1997 With a
July 1, 2004

weight of 5.6 tons, itis the larg-
est space probe ever built.
After four swing-by maneuvers
(p. 51), it reached Saturn in the
year 2004. There Huygens was
released and then traveled on to
the Saturn moon Titan. Three
weeks later, the probe, fitted
with a heat shield, penetrated
the thick nitrogen atmosphere
of Titan and landed by means of
parachutes. Cassini continues
to explore the Saturn system.

practice

@ An enormous cyclonic storm has been seen In
Jupiter's atmosphere since the 17th century. Known
as the Great Red Spot, it could swallow up the Earth
twice over.

celestial body in the solar system. It is
believed that an ocean lies beneath Euro-
pa's ice crust. Jupiter's other moons are

@ The most popular theory proposes that Saturn’s
rings come from a former moon of Saturn that was
broken up or destroyed by a collision.

probably captured asteroids (p.42). Of Sat-
urn’s estimated 60 moons, Titan is the larg-
est and has a dense atmosphere. lapetus
is distinctive due to its two-tone color.

Saturn has an extensive ring system
separated by gaps—the largest being the
Cassini Division. This sysiem extends over
hundreds of thousands of miles into space
and consists of ice crystals, dust, and rock.
All gaseous planets of the solar system are
surrounded by rings, but Saturn’s are the
most spectacular. Remarkably, Saturn is
the only planet in the solar system that is
less dense than water.




@ uranus and neptune

Uranus and Neptune are the two giant outer planets of the solar system.
Neptune is further from the sun and is not visible with the naked eye.

outer planets -

THE DISCOVERY OF NEPTUNE

Neptune was the very first planet to be found mathe

Uranus is slightly larger than Neptune,
and both planets are about four times
larger than the Earth. Their gaseous enve-
lopes resemble Jupiter and Saturn and

matically After the discovery of the planet Uranus in
1781, measurements of
the expected trajectory
revealed deviations. It
was presumed that this
was due to gravitational
interference by another
planet. John Couch Ad
ams and Urbain Jean
Joseph Le Verrier each
calculated the trajec-
tory and the mass of the
presumed planet, which
was confirmed almost
60 years later.

their cores with liquid mantles of water,
ammonia, and methane. Due to the enor

mous distances to the sun, both planets

receive little solar energy. However, the

@ Johann Gottfried Galle
discovered Neptune in 1846,
close to the predicted location.

in focus

and canyons up to 12 miles (20 km) deep.
The small moons of Uranus seem to be
captured asteroids (p.42). Neptune has at
least 13 moons. Triton, with a diameter of
1,678 miles (2,700 km), is by far the largest.
Since its icy surface reflects most of what
little sunlight there is, this moon, with a
temperature of only -400°F (-240°C), is one
of the coldest objects in the solar system.
Its icy volcanoes spew liquid nitrogen,
methane, and dust. This mixture freezes
immediately and precipitates back to the
surface as snow.

@ A view of Neptune from above the surface of Triton, Neptune's largest moon. The terraces visible on the sur
face of Triton indicate multiple episodes of "cryovolcanic” flooding.

consist primarily of hydrogen and helium.
Their bluish green appearance is caused
by methane. Both planets have rocky cores.
High pressure located deep inside the
atmospheres of these planets surrounds

@ The axis of Uranus is sharply tilted—the poles are
where most planets have their equator.

DISTANCE TO THE SUN: Uranus 1,785 million miles
(2,872 million km), Neptune 2,793 million miles
(4,495 million km)

ORBIT: Uranus 84.0 years, Neptune 164.8 years

ROTATION PERIOD: Uranus 17.2 hours, Neptune
16.1 hours

atmosphere of Neptune is penetrated by
strong wind currents and cyclonic storms in
the form of oval spots, which can be seen
in Neptune's atmosphere. The rotational

basics

axis of Uranus is tilted sideways, so that it
appears as if this planet is inclined toward
one side. This inclination is the result of a
collision with another celestial body.

Rings and moons

Both planets possess dark ring systems,
although they are not as well defined as
that of Saturn. Moreover, the ring system of
Neptune contains unusual ring arcs as well
as extremely fine dust. Uranus is encircled
by roughly 27 moons. The five largest are
composed of ice and rock. One moon,
Miranda, has a diameter of only 292 miles
(470 km), but it has a unique surface—rock
fragments border onto terrace-like plains

@ The dark spot visible on Neptune is an anticyclonic
storm that circles the planet every 18.3 hours.
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a pluto

the solar system

Pluto was discovered in 1930 in a review of astrophotographic images, but
since 1992 more and more celestial bodies have been detected in the re-
gion of its orbit. Consequently, it is now considered only one of the many

icy objects located on the far side of Neptune's orbit.

f tt
1

ons, v

liameter is only two-thirds

1S previously known

1s the planet furthest from the sun-the

DIAMETER of
Pluto. 1,485 miles

390 km

\

DISTANCE from

Pluto to the sun
757-4 583 million

miles (4.437-7.376

mullion km)

TIME 1t takes Pluto

to revolve around the

sun: 247 years and

eight months

TIME it takes Pluto

to rotate once on its
axis: 153 hours and
18 minutes

basics

ninth planet in our solar
tem—until August 24,
’006. On this date the
International Astronomical
Union redefined the concept
f “planet” (p.32) to include
the condition that a true
planet must have cleared
the path of its own orbit
during its development
phase. Because Pluto did
not do so, it is now defined
as a dwarf planet, just one of
many objects orbiting the
sun in the so-called Kuiper
belt, a disk-shaped region
beyond Neptune's orbit.

These celestial bodies are also called

trans-Neptunian objects. In comparison

with the planets in the solar system, Pluto’s

orbit is considerably more elongated. The

largest section lies beyond the nearly circu-

lar orbit of Neptune (p. 45), while another

part lies within it.

Pluto has not yet been visited by a space

probe. What we know about Pluto comes

largely from observations made from the

Hubble telescope, the Infrared Astronomi
cal Satellite (IRAS) and from Earth.
According to previous findings, it is likely
that Pluto consists of a rocky care
surrounded by a mantle of ice. In addition,
it appears to be covered with several layers
of frozen methane, nitrogen, and carbon
monoxide. When Pluto passes near the
sun, these icy layers evaporate into gases,

@ Pluto and Charon orbit around a common center of
gravity in the space between them

the brightness of the other two maoons,
their diameters have been estimated to be
only around 105 miles (170 km) in length.
New Harizons will be the first space
probe to make the journey to Pluto. The
probe, which belongs to the U.S. space

TRANS-NEPTUNIAN OBJECTS

Pluto and its moons belong to the group of celestial bodies in the Kuiper belt on the far side
of Neptune's orbit (known as Kuiper belt objects, KBOs, or trans-Neptunian objects).
Numerous objects consisting of rock and ice, possibly including many comet cores as well

Ens and Dysnomia  Pluto and Charon

Sedna Orcus Quaoar

in focus

building an extremely thin atmosphere.
These gas layers freeze again when Pluto’s
orbit takes it further away from the sun.

Three moons
Pluto has at least three moons: Charon,
Hydra, and Nix. Charon was discovered in
1978, but the others were not found until
2005. Charon appears to be covered with
ice and is about half the size of Pluto,
which is proportionally very large for a
moon. These two objects revolve around
a common gravitational center in the
space between them, rather than a
gravitational center within Pluto. Due to

@ The probe New Horizons left Earth in 2006. It
\ er nine years to reach Pluto and its

1s before co

| tak

maQ

tinuing on into the Kuiper belt

Q see also: Astronomy

today, p. 19

@ Pluto and Ens have their own moons, but are just two of
many trans-Neptunian objects orbiting in the Kuiper belt

(p. 43), revolve within this ring-
shaped area. It is likely that the
KBOs were formed in parallel
with the planets, and the gravi-
tational forces associated with
Neptune pulled a few of them
into elongated orbits. The larg-
est KBOs known so far have
dimensions and characteristics
similar to Pluto. One example is
Eris, which is actually some-
what larger than Pluto. Eris has
its own moon and is also
classified as a dwarf planet.

2003 EL

Varuna

agency NASA, was launched in 2006 and
passed very close by Jupiter the following
year, using a flyby technique that utilized
the planet's gravity to boost its speed. It will
not reach Pluto and its moons until 2015.

As an extension of the mission, the
probe will then proceed further into the
Kuiper belt in order to investigate one or
more of its small celestial bodies and shed
light on the nature of the trans-Neptunian
objects. These celestial bodies form their
own group, in addition to the terrestrial
(rocky) planets (pp. 38, 41) and the gas
giants (pp.44-47).

It is possible that after the results of the
investigation are evaluated, we will under-
stand more about the development of the
solar system (pp.32-37).
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@ extrasolar planets

Our solar system is not the only one of its kind; more and more planets in
the vicinity of distant stars are being found all the time. Even though finding
planets similar to Earth is particularly difficult, it is an especially compelling
search and remains the goal of many research projects.

A Host star
B Exoplanet

@ The Doppler method involves measuring the wavelength of light com-

ing from objects moving toward or away from the Earth

In many regions of our galaxy, debris
disks can be seen revolving around stars.
It is from this debris that planetary systems
are formed. However, discovering individual
planets in the vicinity of distant stars is
significantly difficult because a star and its
planet(s) appear extremely close to one
another from such vast distances. Further-
more, a star like our sun outshines its
planets to the extent that it is about a billion
times brighter, thus the light reflected from
a planet is barely detectable as a separate
light source to its star. A planet only
reflects, it does not generate any visible

Carbon dioxide (CO)

light itself. However, this
difference in brightness is
somewhat less in the infra
red spectrum because a
planet does emit some
infrared light or thermal radi
ation, even if it is only very
little in comparison with

the star it is orbiting.

Naming

Extrasolar planets, also
called exoplanets, are usu-
ally named after the star they
revolve around. Letters are
also added to their names,
indicating the order in which they were
discovered, beginning with “b," for instance,
HD 38529 b, HD 38529 c, and so on.

Methods of proof

Most of the exoplanets discovered so far
have a mass considerably larger than the
Earth and are more comparable in size to
the giant planets of our solar system. Fur-
thermore, they revolve around their stars

in very close orbits. Modern methods and
technology aid us in demonstrating that
these bodies are planets. Under certain
conditions even some smaller planets with

\ \\ c < ‘ »
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outer planets

less mass have been detected. Photo
graphs of planets near stars of normal
brightness cannot yet be taken with tele

opes, so proof that these bodies are
planets 1s more indirect. Of the method:
developed for this purpose, the transit
method and the Doppler method are
those most often applied.

The transit method is based on recording
a star's small drop in brightness when a
planet moves in front of it, blocking some
of the light. The Doppler—or radial velocity—
method is based on another effect: strictly
speaking, a star and planet revolve around
a common gravitational center, even if this
center is located within the
star itself. Within the orbit

interval, the star's orbit

IN 1995, the first
planet in the vicinity
of a star similar to
the sun, 51 Pegasi,
was detected.

THE FIRST PLANETS
orbiting other stars
were discovered in
1892 and now num-
ber in the hundreds.
More continue to be
found with advances
in technology.

appears to wobble some-
what, with heavier planets
causing a greater deflection.
This can be proven with a
spectroscopic examination
of the star's light. Scientists
are now developing meth-
ods for masking a star's
light. With these methods,
they can investigate even

basics

smaller planets that may be similar in
composition to the Earth, and will be able
to make analysis of their atmospheres.
These methods are due to be ready for use
from observatories in space within the next
decade. Among the related international
research projects are Darwin, based in
Europe, and Terrestrial Planet Finder, based
in the United States.

@ As gases and other substances absorb particular wavelengths of radiation, scientists are able to study absorbtion lines in the spectrum of light or thermal radiation from
a planet’s atmosphere. In this way they can identify constituents, such as water, oxygen, or carbon dioxide

@ see also: Stars, pp.26-29
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a the development of space travel

The dream of space travel eventually became a reality through the work of
far sighted pioneers. Today, spacecraft carry out many important tasks,
making them an irreplaceable—if rarely seen—component of modern life.

THE WEEKLY NEWSMAGAZIN

to soar to heights of more than 50 miles
(80 km), with a range of 185 miles (300

km), they did not significantly affect the

war's outcome. When the Second World
War gave way to the Cold War, rocket

By 1900 the mathematical groundwork
for space travel had already been laid, but
it took time before the concept of the
rocket was taken seriously. First, solutions
to key technical problems had to be found.

RUSSIA'S
YURI GAGARIN

o | )
space travel | satellites | astronauts | missions {

EXPLORING THE UNIVERSE

Just 12 years separated the launch of the first satellites and the first manned moon | ® In 1961 the Russian cosmonaut Yury Gaganin

1 became the first person in space. He reached Earth’s
landing. Today, humanity’s presence in space is limited to near-Earth orbit, where orbit and then returned safely to Earth
astronauts carry out research in a weightless environment. Meanwhile, countless
satellites circle the Earth on scientific and technical missions. The farthest reaches
of the solar system are still left to unmanned probes.

|  constructed. The first surveillance and
weather satellites were launched, followed

J in 1961 by the first man in orbit, Yury Gaga-
rin. The greatest triumph of the space age

Military forces were also interested in rocket
technology. The breakthrough of large
liquid-fueled rockets occurred during the
Second World War, when the German A4
(V2) rockets became the first to reach the

technology developed rapidly as the U.S.
and U.S.S.R. competed for dominance.

The space age began in 1957, with the
launch of the first artificial satellite into orbit.
Soon after, intercontinental missiles capa-

came soon after: walking on the moon.
Later, even as the tensions of the Cold War
eased, the ability to undertake missions in
space remained a key element of political
and military power. Although it is not imme-

borders of space. Although they were able ble of carrying atomic weapons were diately obvious, the modern world depends
heavily on space travel. Satellites (p.49)
THE APOLLO PROGRAM transmit news, telephone conversations,
and computer data around the world. They
assist cars with navigation, deliver weather
data, and provide detailed maps of the
Earth. Other satellites, such as the orbiting
Hubble Space Telescope, offer glimpses

into the depths of the universe. Space

The U.S. Apollo program carried people to the moon and brought them safely back to Earth
It also developed the largest and most powerful rocket ever built: the Saturn V. The huge
rocket was 360 feet (110 m) long, including its payload, lifted a mass of 120 tons into Earth
orbit, and propelled the 45-ton space module with three astronauts toward the moon. On
July 20, 1969, Neil Armstrong and Edwin “Buzz” Aldrin of the Apollo 11 mission emerged
from their landing module to become the first humans to walk on the moon. Five more moon
landings followed by 1972. The technological advances achieved by the Apollo space pro-
gram have proved even more significant than the data it collected from the moon.

probes and robots explore the solar sys-
tem, collecting valuable information that
helps us understand the universe and our
place in it. At the same time, technologies
are being developed that may be used in
the future to build outpost civilizations on
the moon and Mars. Astronauts from many
nations work together in the International
Space Station. They carry out research in
the weightless environment, especially

in the fields of medicine, materials science,
and astrophysics. Private space-travel
initiatives are also underway, aiming to offer
affordable technological services as well as

in focus

@ Neil Armstrong and Buzz Aldrin collected moon rock samples and performed scientific measure-
ments near the Eagle moon lander.

space tourism to individuals.

f the universe, p. 21

Q see also: Survey of




a satellite technology

Artificial satellites are spacecraft that orbit the Earth or other
bodies in space. They carry out tasks that are difficult or impos-
sible to undertake from the Earth’s surface.

Satellites are monitored and directed to direct solar radiation and

from ground stations. While in orbit, sen- the shadow of the Earth.
sors determine their position with respect
to the Earth or sun. They can then be
guided or maneuvered as needed, using
electrical gyroscopes and small course

correction engines.

Accordingly, their instru-
ments require protection
with insulating or heat-
reflecting shields.

Types of satellites
Telecommunications satellites serve as

relay stations for data links and for radio,

television, telephone, and fax signals. A
satellite receives signals from a ground

station, amplifies them, and sends

exploring the universe

@ The Amazon Delta, the largest drainage basin in the world, as photo-
graphed by an Earth observation satellite

second (eight km/s). In a geostationary
orbit, on the other hand, it travels at approx-
imately two miles per second (three km/s).
Many observation and weather satellites
are located at this level in order to be close
to Earth's surface. Orbits may be tilted with
respect to the Equator and even cross the

@ Three synchronous satellites, each rotated 120°, can reach every part of the
globe except the Poles. Modern communications satellites have high-powered

transmitters, whose signals can be directly received by private satellite dishes.

A satellite's electrical power is usually
provided by solar cells mounted directly on
the satellite or on winglike solar panels.
Battery power is used when the satellite
travels through Earth's shadow. Satellites
are exposed to extreme temperature differ-
ences as they alternate between exposure

them to another ground station. Earth ob-
servation and weather satellites monitor the
sunlight and heat radiation reflected from
the planet. Weather satellites also detect
signals from the horizon, gathering data
from various levels of the atmosphere. De-
tailed observations of the Earth's surface
can be produced using Syn-
thetic Aperture Radar (SAR),
which passes through the
cloud layer.

Satellite paths

The paths followed by satel-
lites in orbit can be circular
or elliptical. An orbit of up to
620 miles (1,000 km) above
ground level is considered
a low Earth orbit. A satellite
in low Earth orbit travels at

@ These images from a military spy satellite show the same area of Bei-
rut: before (left) and after (right) a bombing raid by the Israeli air force.

@ see also: Astronomy today, p. 19

approximately five miles per

Poles. Since the Earth is always rotating
under the satellites, large portions of the
planet’s surface can be covered. Geosta-

tionary orbit is particularly useful for tele-

communications and television
satellites. On this circular orbit,
some 22,370 miles (36,000 km)
above the Equator, the satellite's

orbit takes the same amount of time as

the planet's rotation. The device therefore
stays over the same point on the Earth's

surface. Fixed antennas can be conve-

niently aimed at such a satellite without

needing to locate or track it.

. SATELLITE NAVIGATION

@ Display screen of a GPS
navigation device for a car.

practice

Navigation satellites help individuals, airplanes, cars,
and other satellites determine their location. Systems
include the U.S. GPS and Russian GLONASS, while the
European Galileo system is under construction. Naviga-
tion satellites constantly transmit their positions in

orbit over time. A navi-
gation device receives
data from several satel-
lites. It can calculate
the signal’s travel time
and thus its distance
from the satellite. Using
the positioning data
from the satellites, it
then triangulates its
own precise location.
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@ human beings in space

Space is an unfamiliar and extremely dangerous environment for human
beings. People are only able to create environments for living and working
in space with extensive technical support.

An unprotected person in space would
be exposed to an environment that is
airless and a near vacuum. Without the
pressure and warmth of the Earth’s

SPACE SUITS

Space suits made of numerous layers of textiles and
artificial materials provide breathable air and protect
astranauts from the
near vacuum of space.
The inner suit is lined
with water tubes that
help cool the body. Next
come gas-impermeable
layers. The outer layers
are fireproof and rein
forced against tearing.
The air pressure inside
is kept low to prevent
the suit from inflating.

@ Astronauts move clumsily in
space as the pressure of the

suit causes stiff joints

atmosphere, bodily tissues would quickly
suffer serious damage; the person would
soon lose consciousness and die. In addi-
tion, temperature variations are extreme
because the sun's radiation is not
blocked in space. Surfaces in the
inner solar system can reach
more than 248°F (120°C)
under direct solar radiation,
white temperatures in the
shade fall below -148°F
(-100°C). Therefore

manned spacecraft,

space stations, and space

or urine. Nitrogen is added to the oxygen to
provide Earthlike air for breathing, and the
carbon dioxide breathed out by space trav-
elers is removed from the air using special
chemicals. The electricity used in space
generally comes from solar cells, fuel cells,
or batteries. In future bases on the moon
or Mars, greenhouses and attificial
ecosystems may play an important role.

Weightlessness
On Earth, gravity gives us a sense of “up
and down.” However, in space, astronauts
experience weightlessness, which disturbs
the balance organs of the inner ear.

At the beginning of a space
mission, this can lead to
"space sickness,” causing
dizziness, nausea,

Pressurized module
Access tunnel
Flight deck

Mid-deck

.
Radiators

Magnetometer

Telescope e

Payload bay doors

@ Humans are able to adjust their perceptions and
movements surprisingly well to weightiess conditions.
through exercise. By studying these symp-
toms in astronauts, scientists hope to gain
insight into similar medical conditions on
Earth. After returning from a mission,
astronauts are usually able to
regain their previous,

normal physical state.

Instrument palette

@ The space shuttle is a manned space vehicle that can
land like an airplane. Two powerful solid rocket boosters
provide lift for its vertical faunch.

suits require sophisticated
life-support systems.

Life-support systems

In order to protect humans in

space, support systems must supply air,
water, food, and energy'; regulate tempera-
ture and pressure; and provide bodily
hygiene. Oxygen may be stored in liquid or
gaseous form, or produced as required
through the electrolysis of water recycled

AN

o

oard—for example, from washing water

O see also: Astronomy today, p. 19

headaches, and vomiting. After an ad-
justment period, astronauts usually learn to
control their sense of orientation in space
and these problems recede.

During longer periods of weightlessness,

bone and muscle mass decline and the
body's blood volume is reduced; however,
these effects can be partially counteracted

SPACE TRAVELERS are varigusly known
as astranauts (if American or European),
cosmonauts (if Russian), or taikonauts
(if Chinese).

DURING A SPACE MISSION, astronauts
are responsible for carrying out a wide
range of scientific and technical experi-
ments, as well as the day-te-day running
of the spacecraft.

basics




@ exploring the solar system

Space probes travel through space for months or years, journeying millions
or even billions of miles to their destinations. Along the way, they help
expand our knowledge of unexplored regions.

Space probes are unmanned spacecraft
designed to gather information about the
sun, planets, moons, asteroids, comets,

and the space between them. Basic types

include flyby, lander, and orbiter missions

tinues to transmit data back to Earth

Unlike a terrestrial satellite, which remains
in the Earth's orbit, a space probe leaves
the vicinity of the Earth to explore its target
on location. Probes are generally launched
from Earth on a path toward the target. On
arrival, a braking maneuver must be carried
out to place the probe in orbit around the
faraway object.

To save fuel or allow more cargo to be
carried, a probe may not take the most
direct path to its destination.
Instead, it takes a “swing-
by.” circling another planet
to gain a gravity boost. If
the target object has an
atmosphere—such as
Mars—fuel can also be
saved in the deceleration
process: the probe enters
the atmosphere at an
angle, using the resis-
tance for aerobraking.
Space probe navigation
must be extremely

O see also: Solar research, p. 37

ger 1 was launched in 1977 to explore the outer planets. It con

precise; due to the vast distances within
the solar system. Large antennas are used
to track probes from Earth. Depending on
the distance, navigational commands may
take several minutes or more to reach the
probe. However, modern
computer technology,
probes enables probes to
undertake some actions
independently, especially
in critical situations.

Equipment

Space probes exploring the
moon and inner planets
usually produce their own
electricity by using solar
celis to convert the light
energy from the sun. Yet,
very little sunlight is available
beyond Mars. Probes travel-
ing further than this use
energy supplied by a radiocisotope genera-
tor. The emissions of a radioactive sub-
stance produce heat that is then converted
into electrical energy.
Depending on their
mission, space
probes may be

equipped with !
cameras sensitive

to various

exploring the universe

FALSE-COLOR IMAGES

The human eye can differentiate be
tween a sigmificantly larger number of
colors than 1t can distinguish degrees
of ight intensity. Thus, the details of a
picture can be made clearer by using
a visual trick: replacing the various

brightness levels with different colors.
This technique has proved especially
useful in space science, medicine, and

the evaluation of satellite images

in focus

@ |n this false-color view, an infrared im-
age of the moon highlights different types
of minerals

wavelengths, or with sensors that measure

radiation or magnetic fields. Many orbiter

probes use radars that can penetrate deep

into the surface of an object in space,

revealing its inner structure. Some space
probes carry landing units for placement

on the object's surface. Remotely con-

trolled rovers or robots can survey a

larger area than fixed landing units.

Impactors or penetrators are
probes that collide forcefully
with an object, burrowing
into it and collecting
information about its
constituent pars.

basics

THE FIRST SPACE
PROBE to leave
Earth's orbit was the
Soviet Union's Luna
1 mission. In 1859 it
successfully traveled
past the moon and
began collecting
data about magnetic
fields, radiation, and
the density of inter-
planetary gases.

@ Mars is currently
being studied by
numerous orbiting
probes and landing
units. Since 2004,
these have in-
cluded the NASA
Mars rovers Spint
and Opportunity
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ORIGINS AND
GEOLOGY

Since its origin 4.56 billion years ago, the Earth has
been subject to countless geological changes. Despite
the apparent stability of the continents, they are in con-
stant motion and may even break apart one day causing
some mountain ranges to rise and others to disappear.
This is all part of the continuous rock cycle. While most
processes are so slow that humans are not even aware
of them, others are abrupt with sometimes fatal conse-
quences. Natural disasters such as earthquakes and
volcanic eruptions show the power of the forces located
in the Earth’s interior. The Earth’s outer crust is con-
stantly affected by water, wind, and temperature fluctua-
tions and opposing forces such as gravity. These forces

are reflected in the landscape of the Earth’s surface.
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once upon a time, 4.56 billion years ago

In its early phase, the Earth was a place of extremes, with fire-spewing vol-
canoes, innumerable comet impacts, lightning, severe thunderstorms, and
a toxic atmosphere. These conditions improved as the Earth cooled down.

The Earth was created—along with the cloud agglomerated into small clumps of
sun and the other planets—about 4.6 billion  matter. These clumps collided with each
years ago from an interstellar gas and dust other and formed larger baodies, the plane-
cloud. Presumably triggered by a shock tesimals. These in turn grew into the inner
wave from a supernova explosion, this planets of our solar system in a process

4.56 billion years ago | origins of life

ORIGINS

The stages of the Earth’s development can be derived
from hypotheses based on both good evidence and spec-
ulation about the origins of the solar system. However,
one thing is certain: it was a long journey from a glowing
ball to the blue planet, and at the beginning there was no

called accretion. One of
these planets was the
proto-Earth. The process
beginning with the fusion of
the first cosmic particles and
continuing on until the for-
mation of the Earth—a body
around 8,000 miles (13,000
km) in diameter—took place

very quickly in astronomical

hint that life would one day flourish there.

cloud collapsed, started to rotate, and
gradually flattened. Its matter became
increasingly concentrated in the center,
and eventually the increasing density trig-
gered nuclear fusion, forming the protosun.
The volatile components of the original
cloud were blown toward the edges, while
the firm dust particles in the interior of the

RADIOMETRIC DATING

The age of the Earth was unknown until the French physicist Henri
Becquerel (1852-1908) discovered radioactivity in 1896. Every radioac-
tive isotope decays at a characteristic rate (called the half-life). The
remaining amount of isotopes present in rocks can therefore be used to
calculate the age of the rocks and the age of the Earth.

in focus

a substance. allowing

terms, probably in no longer
than 30 million years.

Crust formation

The cosmic dust that formed the Earth
primarily contained aluminum, magnesium,
iron and nickel compounds, and silica.
Under the pressure of the growing mass,
the interior of the Earth heated up and
became a liquid, igneous mass. The decay
of radioactive elements added to the heat-
ing process. This liquification
caused a separation of sub-
stances: the heavier ele-
ments, especially nickel

and iron, sank and formed

a metallic core. Lighter sub-
stances, such as silicates,
were displaced toward

the surface and formed

the crust.

The formation of a shell,
which is known as differenti-
ation, was probably
complete about 100 million
years after the birth of the
Earth. The moon (p.39)
was also formed during
this phase, after a collision
between the Earth and
another protoplanet.

@ The processes of volcanism were important for the
creation of the atmosphere on Earth.

@ Around four billion years ago, the Earth’'s atmo-
sphere contained approximately 80 percent water
vapor, 10 percent carbon dioxide, and small amounts
of sulfur dioxide, helium, and methane.

@ Zircon is the oldest known mineral and 1s found
throughout the Earth's crust.




@ the origins of life

In the beginning, Earth was a boiling, fiery ball. Conditions improved
gradually as it cooled down and eventually the primordial soup of inorganic
compounds generated complex, organic molecules—the source of all life.

A primordial atmosphere of hydrogen
and helium existed even in the earliest
phase of the Earth's existence. However,
due to the high temperature and low gravi-

tational forces this atmosphere simply
escaped back into space. Only once the
meteorite showers reduced in intensity did

@ Prokaryotes lack a membrane enclosed nucleus

@ Clouds discharge electricity through lightning.

temperatures drop and conditions begin to
stabilize. In many places, molten material
made its way from the core to the surface,
through the still brittle crust. During this
process large amounts of water vapor
containing hydrogen (H), carbon dioxide
(CO,), ammonia (NH,), and methane (CH,)
were released, forming a layer of gas
around the Earth.

QO see also: Atmosphere, pp. 112-113

This secondary atmosphere was still
vastly different from today's, particularly
because it lacked oxygen (O.). The produc-
tion of oxygen only occurred once water
molecules (H,0) began to be broken down
by the ultraviolet (UV) radiation from the
sun, which easily penetrated the thin,
unprotected atmosphere.

The formation of today’s
atmosphere

The formation of the atmosphere and
oceans were closely connected. Earth's
early atmosphere was about 80 percent
water vapor. At saturation point, this con-
densed and fell as heavy rain during mas-
sive thunderstorms. As Earth's surface was
very hot at this time, large amounts of acid
rain simply vaporized immediately, only to
condense and fall again in an ongoing cy-
cle. This process gradually cooled the
planet until water began to collect in de-
pressions on the surface. About 3.5 billion
years ago, the evolution of life began. A
well accepted theory for the origin of life is
that energy from lightning and the sun
caused inorganic chemicals to form into
simple biomolecules. From these, more
complex molecules and macromolecules,

origins

@ The first biomolecules may have formed in primordial oceans

such as cyanobacteria (blue-green algae)
evolved. These prokaryotes used photosyn-

thesis to convert energy from the sun,

producing oxygen as a byproduct. Thus,
the oxygen content of the atmosphere

basics

PRISCOAN 4 6 to 3.8 billion years ago: Earth forms from
the protoplanet and a shell-like structure develops.
ARCHEAN 3.8 to 2.5 billion years ago: The Earth’s crust
hardens and the temperature sinks to below 212°F
(100°C). The first organic molecules form.
PROTEROZOIC 2.5 billion to 542 million years ago: The
oxygen content of the atmosphere increases due to
photosynthesis and a protective ozone layer develops.

slowly increased. About 570 million years
ago it made up 12 to 15 percent of the
atmosphere, opening the way for the
evolution of oxygen-respiring organisms.

@ The formation of the Earth’s atmosphere was a consequence of the eruption of molten material and gas from
the core to the surface.
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a shape of the earth

From outer space, the Earth appears to be a uniform sphere.
However, this appearance is misleading; the shape of the Earth
is extraordinarily irregular. The reason for this is the unequal
mass and density distribution of its interior.

Just like the other celestial planets, the The speed that the Earth
Eaith is never motionless. It orbits around rotates depends on the
the sun at a distance of about 93 million respective latitude. While
miles (149 million km) on a slightly elliptical ~ certain points at the Poles
_ _ willalways
shape | magnetic fieid | core | mantle | crust | remain in the

| same location
during Earth's

@ The Earth's varying angle in relation to the sun results in the seasons.

ST R U C T U R E | rotation, a point at the Equa- Mathematically, the Earth cannot be

L e . | toris moving at 1,525 feet described as a simple geometric figure.
As insignificant as the Earth may be within the totality of [ g i R g. 9
. . . e | persecond (465 m/s). Once the height and weight parameters are
the universe, it does hold a special position in our solar ) _ ; ) _
.. . These high-speed revolu- considered, a physical model of its shape is
system, giving us our daily, yearly, and seasonal patterns. ) _ _
Its internal structure plays an important role in both the IS s centnfugal reprgsented asjd geqd. U2 s!jape ahd
processes that affect its surface and its magnetic field, . forces to develop, WI‘th the rotation of the. Earth mfluen;e its graw.ty, the
the invisible protective shield of the blue planet. effect that the Earth is not force responsible for attracting all bodies
strictly a sphere. Instead, it toward its center, giving them "weight." This
~ represents a rotational ellip- depends on the mass of a particular object.
trajectory. A complete revolution takes soid, slightly compressed at both Poles The rule is: force of gravity (weight) equals
about 365 days (one year). Simultaneously, by about 13 miles (21 km) relative to the mass multiplied by the acceleration of
the Earth is spinning counterclockwise on the Equator. Earth. Due to the compressed shape of

its own axis (the line running through its Earth and its centrifugal force, gravity is
lowest around the Equator at 32.086
ft/s? (9.780 m/s?) while at the
poles it measures 32.257 ft/s?
(9.832 m/s?). Inside the
Earth, between the crust
and the core, it reaches

34.4 ft/s? (10.5 m/s?).

interior between the Poles). One complete
rotation takes 23 hours and 56 seconds
(a sidereal day), which gives us the alter-
nating light and dark of day and night.
The annual seasons occur principally
because the Earth's axis is tilted by
23.5° from the vertical, relative to its

orbital plane. In relation to space,
its position remains virtually
unchanged during Earth’s orbit
around the sun, thus the angle of
incoming solar radiation on any
particular part of the Earth's surface
changes throughout the year.

@ The Earth as a geoid has a
smooth but irregular surface
(see picture below).

THE EARTH [N NUMBERS

The equatorial circumference is 24,901 miles (40,075
km); the equatorial radius is 3,963 miles (6,378 km)

Its mass is 6.585 x 107 tons, the volume is 260 biilion

cubic miles (1,083.3 billian km?), and the mean density
s 344 Dot < ~ f (R Rq 3

is 344 pounds per cubic foot (5,515 kg/m?) @ Many factors affect the Earth’s atmospheric
patterns and seasonal changes, in particular

Its surface measures about 317 million cubic miles (510 mil-
its position in relation to the sun

lion km*); if this 224 million cubic miles (361 million km?)
are covered by water.

basics

O see also: changing Earth pp. 88-91



a the magnetic field of the earth

What do a compass needle pointing north, the glowing veils of polar lights
and the sense of direction of carrier pigeons have in common? All three are
influenced by the invisible force of the Earth’s magnetic field.

The origin of the magnetic
VAN ALLEN BELT Zones with a high density of electrically

charged particles that surround the Earth at altitudes of
620-3,100 or 9,320-15,530 miles (1,000-5,000 or
15,000-25,000 km).

MAGNETOPAUSE The boundary of the magnetosphere,
which extends about 37,300 miles (60,000 km) on the
side directed toward the sun; on the other side it ends
about 3.1 million miles (5 million km) from the Earth

field lies in the interior of the
Earth and is produced by
enormous convection cur
rents within the liquid outer
core of the Earth. At depths
between 1,800 to 3,200
miles (2,900 to 5,150 km),
liquid iron churns around the
solid iron inner core of the Earth. This

basics

The Earth's magnetic field is like a gigan-
tic bar magnet tilted at 11° to the rotational
axis of the Earth. Therefore the

movement creates an electric field, and
thus the accompanying
magnetic field—a

position of the magnetic
poles deviates from the )
geographical North
and South Poles.

phenomenon also referred
to as a geodynamo.
The magnetic poles Invisible protective shield
The magnetic field of the Earth
extends into space, where it is
called the magnetosphere. It

are constantly mov-
ing. The magnetic
north pole was on

the Canadian Boothia
Peninsula when it was
discovered in 1831,
but since then it has
moved about

685 miles (1,100 km), heading with
increasing speed in the direction of Siberia.

protects the planet against cos-
mic radiation—especially the lethal
rays of the solar wind, which

@ A magnetically charged compass
needle aligns itself with the Earth's
magnetic field.

are directed around the field.
The magnetic field lines are
compressed on the side facing the sun
and extend, tail-like, on the other side.

@ Solidified magma, which is created on the seafloor at mid-ocean ridges in the process of plate tectonics,
indicates that the magnetic field of the Earth can reverse.

0 see also: Forces, fields, interactions, p. 313

structure

@ Auroras are light phenomenons that occur near
Farth's poles as a result of the magnetic field.
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@ The magnetic poles are somewhat tilted against
the geographic Poles of the Earth.

North becomes south

Magnetized rocks from the early history of
the Earth date the magnetic field to at least
3.5 billion years. These rocks also indicate
that the magnetic field has repeatedly
collapsed and reversed its polarity. On
average, such a repolarization occurs every
500,000 years. During the actual reversal
of polarity, the protection of the magneto-
sphere is temporarily lost. The last time the
magnetic north and south poles changed
their position was about 780,000 years
ago. Therefore, another reversal is

already overdue.
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the core and mantle of the earth

The interior of the Earth long presented an enormous puzzle to science.
Seismic measurements helped to start unraveling the mystery and assisted
the exploration of the structure and contours of the Earth’s interior.

The interior of the Earth is separated into
three chemically distinct parts: the crust,
mantle, and core, in a way similar to the
composition of an egg. At the present time
only the outer layer of the Earth—a relatively
wafer-thin section—has been directly stud-

1e Earth is primarily composed of molten iron.

1,800 miles

Mantle (viscous)

ied. The deepest boreholes have yet to
reach one percent of the 3,959-mile

(6,371 km) distance to the center of the
Earth. Instead, our best source of informa-
tion about the Earth's interior are the waves
generated during earthquakes. The speed
with which these waves travel depends on
the temperature, pressure, and composi-
tion of rocks they penetrate. Wave mea-
surements indicate that the physical char-
acteristics of the Earth’s layers change
dramatically in two regions. These disconti-
nuities mark the delineation between the
crust, mantle, and core of the Earth.

The Earth’s mantle

The Mohorovicié discontinuity characterizes

the geological interface between crust and

mantle. On average, the mantle is 1,770

miles (2,850 km) thick and makes up
about 68 percent of the
Earth's mass. Its upper
layer consists of rocky
material, which—together
with the solid crust—

[

@ Granite forms a major part of the crust.

Despite a temperature of 4892°F (2700°C),
the mantle remains solid because of the
pressure and has a density of 3.3 ounces +
per cubic inch (5.7 g/cm?).

The Earth’s core
At a depth of about 1,800 miles (2,900 km),
the Wichert-Gutenberg discontinuity forms
the boundary where the solid mantle rock
and the molten iron core meet. The density
rises to 5.5 ounces
per cubic inch

(9.5 g/cm?®) and
the temperature

P WAVES: The fast

primary waves oscil-
late in the direction
of the dispersal cor-

increases abruptly

(2,900 km) thick ridor and can dis-

Q see also: Plate tectonics, pp.64-65

& Inner core (solid)
778 miles (1.250 km) thick

omposition interact to form the dist

ctive layers of the Earth

te tectonics and the Earth's magnetic field—that arise

forms the lithosphere.
Below that, with a thick-
ness of roughly 250
miles (400 km), is the
asthenosphere. When
temperatures reach
about 2550°F (1400°C)
and pressure reaches
200-350 kbar, the rocks
turn into viscous magma
that has a density of
about 3.3 ounces per
cubic inch (3.4 g/cm?).
The increased pressure
is responsible for the
transition zone located at
a depth of 250 to 560
miles (400 to 900 km),
the mesosphere. Below
the mantle, pressure
rises to 1,450 kbar.

by about 1830°F
(1000°C). In fact,
heat is continu-
ously exchanged
between the core
and mantle. The
convection current
this creates—hot
material rising and
cold material sink-

basics

perse through solid,
liquid, and gaseous
material.

S WAVES: The
slower secondary
waves oscillate per-
pendicular to the P
waves. They can
only travel within a
solid elastic mass.

ing—is thought to be the driving force of

plate tectonics (p.64). Convection currents

in the outer core also create the Earth’s
magnetic field (p.57). High pressure
causes the liquid outer core to become
solid at a depth of 3,200 miles (5,150 km).
The rocks are compressed under more
than 3,600 kbar, and the density is up to
7.8 ounces per cubic inch (13.5 g/cm?).
Temperatures at the Earth’s center can

reach 11,730°F (6500°C).
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@ structure of the earth’s crust

The Earth’s crust is the thin and rigid outer shell of the Earth. The Earth has
a continental and an oceanic crust, differing in thickness, density, and type
of rock content, as well as the age and origin of the rock material.

The thin outer shell of the Earth is on
average only about 22 miles (35 km) thick.
It may reach 19 to 44 miles (30 to 70 km)
of thickness where the continents are
situated. The crust is thickest where the

@ The highlands of Tibet: the result of colliding continental plates.

in focus

QO see also: Earthquakes, pp.68-T71

ANDRIJA MOHOROVICIC

DISCONTINUITY

Andrija Mohorovici¢ (1857-1936), former director of
the Institute for Meteorology and Geodynamics in
Zagreh, started studying seismology in 1900. He pro-
duced seismic diagrams following an earthquake near

@ Andrija Mohorovici¢ was a
pioneer in the field of modern
seismology.

the capital of Croatia in
1909 and found that
seismic waves were
dispersing at different
speeds. From these find-
ings, he concluded that
the density must be
changing within the
Earth's crust and de-
fined the limiting value
between the Earth’'s
crust and the mantle.

roots of mountain ranges reach deep into
the Earth's mantle. The crust is thinnest
underneath the oceans: only 3 to 5.6 miles
(5 to 9 km) thick. The Mohorovicic¢ disconti-
nuity, which is also referred to as "Moho,"

separates the Earth's crust
from the mantle. The tem-
peratures in the crust and
the outer mantle are not hot
enough to maintain the rock
material in a liquid state.
These brittle rock layers
combined are called the
lithosphere, moving accord-
ing to plate tectonics and
the underlying movement
of the lower layer, called
the asthenosphere.

Oceanic and continental
crust

One third of the Earth’s crust
is continental crust and two-
thirds are oceanic crust. In
between these two types of
crust, there is a slightly
broken-up seismic layer of
discontinuity referred to as
the Conrad discontinuity. At
no point is the oceanic crust
older than 200 million years
as it continuously regener-
ates at the edges of the
large continental plates in
the areas of the mid-oceanic
ridges. In contrast, the conti-
nental crust contains the
oldest rocks ever found.
They are about four billion
years old. Nevertheless the
continental crust changes
shape all the time due to
tectonics, volcanic activity,
erosion, and sedimentation.
The comparatively young
oceanic crust rnainly

structure

@ Basalt columns make up the Giant's Causeway.

consists of heavy rock mate-
rial such as basalt or gabbro
with a high density of 1.6 to
1.7 ounces per cubic inches
(2.9-3.1 g/cm?®). Due to its
prevalent silicon magnesium
compounds, it is also called
sima rock. Continental crust
material is slightly lighter by
1.5 0z/in® (2.7 g/cm?) and
consists of granite with a
high silicon and aluminum
content. Therefore, it is often
referred to as sial rock.

CHEMICAL
COMPOSITION
of the Earth

Crust Weight
element proportion
Oxygen 46.6%
Silicon 27.7%
Aluminum 8.1%
Iron 5.0%
Calcium 3.6%
& Sodium 2.8%
@ Potassium 2.6%
o Magnesium 21%

@ Diamonds form at great depths in the lithosphere.
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@ minerals: formation

Minerals, including metals and salts, are the solid building materials of the
Earth. Minerals develop through an array of geological processes, such as
sedimentation, volcanic eruptions, or chemical weathering.

Minerals are solid matter with a crystal-
line structure. They consist of both pure

elements and chemical compounds,

Igneous minerals

Igneous minerals are formed when magma
from the Earth’s mantle cools at a temper-

ature of 2732°F (1500°C), causing crystal-

Metamorphic minerals

Metamorphic minerals are the result of
changes in the original crystal lattice of
other minerals. When high temperature

ol intense pressure is present, the original
crystal lattice of minerals becomes unsta-
ble and the components will take the form
of other structures to withstand the adverse
conditions. The group of metamorphic min-
erals includes graphite, talc, and garnet.

and are classified according to the way

lization of the molten rock to the extent
that no new minerals can
emerge. Examples of igne-
ous materials include feld-
spar, quartz, and mica.

they were formed. The different types
Weathered minerals

minerals | magmatic | metamorphic | sedimentary Weathered minerals are formed by

ROCKS

Humans have mined rocks and minerals since the Stone
Age, using them as raw materials. Gems are frequently

used for jewelry because of their form, color, and luster.
The study of the origin, characteristics, and composition
of rocks is known as petrology, while mineralogy studies
the origin, characteristics, and composition of minerals.

changes in the chemical composition of
minerals due to outside conditions. Copper
ores, when exposed to the air, oxidize and
form malachite. Kaolinite is formed when
clay is subjected to chemical decompo-
sition above ground.

Sedimentary minerals
Many minerals are formed
by sedimentation. Sedimen-
tation can occur by evapora-
tion, compression, and
chemical reaction. Sedimen-

tation by evaporation occurs

when seawater evapo-
rates and leaves minerals such
as calcite, dolomite, anhydrite,
gypsum, halite (rock salt), and
potassium chloride. Clay is
formed by the compression

of formation classifications include
igneous, sedimentary, metamorphic,
and weathered minerals. Some minerals,
such as garnet, can have multiple classi-
fications because they can be formed

in multiple ways. of loose particles by increased
temperature and pressure, along

@ Hot springs. such as the Mammoth Hot Springs of with chemical reactions. Sedi-
Yellowstone National Park, are the site of mineral for-
mation. When hot mineral-enriched water evaporates,

mineral crystals, above all carbonates, remain

mentary rocks cover nearly 75
percent of the Earth's surface.

@ Within rock cavities, minerals can settle in the form of
geodes—round, hollow rocks with inward-facing crystals.




@ minerals: structure

Minerals—the basic ingredients of rock—provide many of our most important
raw materials. They usually occur in the form of crystals, which have been
treasured throughout history for their colorful variety and refractive properties.

Crystals are solid substances whose
ions, atoms, or molecules are arranged
in a repetitive three-dimensional lattice
structure. The configuration of the lattice

depends on the mineral’'s chemical

Tnchnic g 7

Hexagon

Monoclinic

forms in an environment of high pressure
and temperature, while soft graphite arises
under low pressure and temperature condi-
tions. Thanks to this realization, diamonds
can be artifically produced today. Synthetic

ik

Tngonat
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Cubic

Orthorhombic

7
&
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@ Crystals can be arranged in seven basic crystal systems. Each crystal system consists of a certain spatiat
arrangement of atoms upon the points of a three-dimensional lattice.

composition. Only a few minerals, such
as the precious stone opal, are not found
in crystalline form; these are called amor-
phous minerals. Polymorphic minerals, on
the other hand, share the same chemical
composition but exhibit different crystal
structures. For instance, diamond and

crystals are also manufactured in the
semiconductor industry, whose most
important raw material is silicon. Aside from
their classification into crystal systems,
minerals can be distinguished based on
their physical properties, such as hardness

graphite both result from carbon. Dia-
mond—the hardest mineral in nature—

or density. Hardness is the measurement
of a substance’s resistance to scratching.
Density, or specific weight, depends on its

. GEMSTONES

Precious stones are minerals used as jewelry. Whether an
amethyst, rose quartz, aquamarine, or garnet is used as
jewelry depends on its purity, color, and translucency.
Weight too plays a significant role for the value of such
pieces. Diamonds are among the most precious gem-
stones although emeralds, rubies, and sapphires are also
popular. in the past these stones were usually worn as
coarse or roundly polished ferms, however, nowadays
many gemstones are polished in crystal-shaped forms, in

8 order to enhance the reflection of light and the luster.
0
o @ Imperial crown of the German emperor Otto I, the Great, late
Q tenth century.
.

QO see also: Mountains, pp. 76-79

rocks

constituent elements and how closely the
atoms within it are packed. When a mineral
cracks, the breaks generally follow its
atomic lattice structure. Thus mica, rock
salt, and calcite tend to crack into pieces
with flat, parallel surfaces. With quartz, on
the other hand, the bonds between the
atoms are so strong that the broken pieces
are irregular. The most obvious character-
istics of minerals are their color and shini-
ness. Some are also distinguished by

their magnetic, fluorescent, or radioactive
properties, as well as the conditions under

HARDNESS OF A MINERAL is defined as the resistance

it displays during mechanical stress. In particular, the
scratch resistance is closely compared. On the ten-point
Mohs’ Hardness Scale (named after the German min-
eralogist Friedrich Mohs), a mineral can scratch any
other mineral with a lower or same hardness number.
Talcum, for example, has the lowest degree of hardness
while a diamond has the highest; therefore, a diamond
can only be scratched by another diamond.

basics

which they formed. Crystals may exhibit
various types of symmetry. On this basis,
they are divided into 32 classes, which in
turn are assigned to seven different crystal
systems: the cubic, hexagonal, rhombo-
hedral (or trigonal), tetragonal, orthorhom-
bic (or rhombic), monoclinic, and triclinic
systems. The cubic system, such as table
salt, rock salt, galena, and pyrite) is the
easliest to recognize.

@ Ouartz is the most
common minera! found
n the Earth's crust. It
has a pnsmatic shape
with steep pyramidal
terminations and exists
in a variety of colors.
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magmatic and metamorphic rocks

The rock material that makes up the Earth is a mixture of natural minerals.
Some rocks are created from molten mass as it cools, others are formed by
the high temperatures and extreme pressure conditions of Earth’s interior.

Rocks are composed of a variety of
minerals, the presence and ratios of which
depend largely on their ongin and the envi-
ronmental conditions during their formation.
In contrast to minerals, the composition of

rocks can be varied. They will only ever

Igneous rocks

Magmatites or igneous rocks are formed
by the cooling of liquid magma. Minerals
crystallize and amalgamate into larger rigid
structures. If the process of solidification
occurs deep inside the Earth, then plutonic

@ During the intense heat and pressure that sedimentary rock undergoes during metamorphism within the
Earth, marble rock forms. This hard rock is quarned on the Greek island of Thassos.

have identical compositions to one another
when they are made up entirely of one sin-
gle type of mineral.

ROCKS FROM OUTER SPACE

rock is created. Plutonic rock, such as gran-
ite or diorite, has particularly large crystals.

They are able to grow large due to the slow

cooling process. However,
only small crystals are
created when magma

.;ﬁh_qj
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rapidly. In this case volcanic glass such as
obsidian is formed instead. Loose volcanic
rock that originates from bursting magma,
during eruptions that involve large amounts
of gas, is classified as sediment.

Metamorphic rocks
Metamorphose means transformation:
metamorphic rocks form by the transition of
other types of rock within the Earth's crust.
This can only
happen when the
temperature and

PETROLOGY is the
study of the history
of rocks, particularly
their origin and for-
mation processes.
Rocks are classified
by occurrence, min-
eral and chemical
composition, tex-
ture, and physical
characteristics.

pressure are suffi-
ciently high. Under
these conditions
the original rock
material begins to
melt and change
structure. For
example, marble
forms during the transformation of sedi-
mentary rocks or pararock. The transforma-
tion of magmatites results in so-called
orthorocks such as mica schists. Metamor-
phic rocks show the foliated structure
(schistosity) characteristic of this type of
rock. These rocks can be split into thin

basics

plates along the schistosity plane.

Meteorites are fragments of rocky material that hit the Earth's surface.
If they disintegrate in the atmosphere they are meteors (shooting stars).
These intruders from the early days of our solar system can be extremely
large and result in giant
impact craters when
they hit planets. How-
ever, most are no bigger
than pebbles and arrive
on Earth without notice.
They mainly consist of
silicate minerals or an
alloy of iron and nickel.
There are different cat-
egories of meteorites,
such as stony, iron, or
stony-iron.

@ Meteorites are mainly pieces of asteroids that
have been caught by Earth’'s gravity.

Q see also: Asteroids and comets, pp.42-43

reaches the surface of the
Earth during the eruption of
a volcano. Now the magma
is referred to as lava. Typical
vulcanites or extrusive rocks
include basalt and rhyolite.
Some vulcanites also have
single larger crystals. This

is how embedded crystals,
such as diamonds, are car-
ried up to the surface. It is
also possible that no crystal-
lization of minerals occurs at
all if the lava cools down

@ When igneous rock 1s extruded, it can form into
columns, such as basalt columns.
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s sedimentary rocks

Sedimentary rocks are the most common type of rock on Earth. All sedimen-
tary rocks are formed in a similar manner: by sedimentation, compaction, or
cementation of many smaller particles of mineral, animal, or plant origin.

Sedimentary rocks are categorized into
three groups: clastic, chemical, and bio-
genic. Clastic sediments, such as clay and
sand, originate from fragments of rocks that
have eroded or disintegrated. Among other
techniques, classification of clastic rocks is
based on the size of their components,
found using the grain size. Rock salt and
gypsum are examples of chemical sedi-
ments, which form by evaporation of aque-
ous solutions. Biogenic sedimentary rocks,
such as coal, develop from animal or plant
remnants. Petroleum originates from dead
microorganisms that have been deposited,
undecomposed and under the exclusion of
oxygen, on the seafloor. There, they are
modified through
diagenesis. Lime-
stone occurs
through precipita-
tion from solutions
or from remnants

COAL formation
began with primeval
forest remains
changing into layers
of peat. Oceanic in-
cursions then cov-
ered the peat with
new deposits. The
ensuing rise in pres-
sure and heat re-
sulted in coal.

of marine shellfish.

Rocks from
sediments

basics

Millions of years

pass before sedi-
ments compact to form rocks. Following
their deposition they compress under the
increasing pressure of laminated layers

@ The cliffs of Calabria, Italy: These steep limestone
cliffsides on the Tyrrhenian coast, which reach heights
of around 150 feet (46 m), are home to the medieval
cliff-top town Tropea

@ Sandstone chffs weathered by the Virgin River in
Zion National Park, Utah, U.S

above. Grains are densely packed together,
becoming interlocked to form a massive
unit. However, only during the cementation
phase are particles “baked" into rocks
Groundwater flowing through the sedi-
ments contains calcite leached out from
calcareous rocks.

rocks

The precipitation of dissolved calcite into
gaps In the structure leads to grain

cementation, forming sedimentary rock.

Sedimentation cycle

Weathering and erosion wear down rocks
exposed to the atmosphere. Rock frag-
ments are transported by wind, rivers, and
ocean currents and deposited in layers. In
time the sediment is covered over and
compacts (diagenesis). Later on, through
large-scale uplifts and the formation of
mountains, sedimentary rocks are pushed
up to the Earth’s surface, and erosion starts
the sedimentation cycle once again.

SOLNHOFEN LIMESTONE

Most fossils can be found in sedimentary rocks such
as clay, lime, or sandstone, where organisms became
entrapped during sedi-
mentation. Some sedi-
mentary rocks are made
up almost exclusively of
fossils. The Solnhofen
Limestone site in Ba-
varia, Germany is one
of the most significant
fossil deposits in the
world. All known speci-
mens of Archaeopteryx
have been found there.

@ A fossil of the decapod Me-
cochirus longimanatus found
at the Solnhofen site

in focus
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earth in motion

How did the Atlantic Ocean spread, reaching all the way to Africa before
splitting about 30 million years ago? Today the model of plate tectonics
explains the movement of the Earth’s crust.

Earth's uppermost mantle and crust
make up the approximately 62-mile
(100-km)-thick lithosphere. Earth's solid
outer shell, the constitution of which varies

between the oceanic and continental

in motion | plate boundaries | formations | early continents

PLATE TECTONICS

Earthquakes in Afghanistan, volcanoes in Java,
ice-capped mountains in South America, and
mid-ocean ridges and trenches are all natural
phenomena caused by shifting continents or
forming oceans. They are the results of hidden
geological forces within the Earth.

@ One consequence of continental dnft and the
movement and collision of continental plates was
the creation of mountain ranges and the deepening

t the ocean floor

lithospheres, is a mosaic of plates—seven
large and about ten smaller sections. Be-
neath the plates lies the asthenosphere.
Soft and partly molten, the asthenosphere
provides a base, over which these plates
slowly glide. The cause of
this gliding movement lies
deep within the interior

of the Earth.

The force behind plate
tectonics

Radioactive decay heats the
lower layers of Earth's man-
tle, causing them to rise to
cooler areas. There the mol-
ten rock cools and sinks,
only to rise again as part of
a cycle called mantle convection. The mol-

ten mantle material, or magma. pushes up
Earth's crust, ultimately breaking it open
and solidifying along the resulting lines of
fracture. Intense volcanic activity can
cause magma to spill out onto
Earth's surface, creating
lava flows. Such

Continent
Volanoes

L

. CONTINENTAL DRIFT

The Atlantic coasts of Africa and
South America fit into each other like
jigsaw pieces and are alsc home to
many of the same sediments and rep-
tiles. Similarly, closely related plants
made theirr homes in India, Australia,
and Antarctica 200 million years ago.
These observations led German me-
teorologist and geoscientist Alfred
Wegener to propose in 1911 that all
the continents
were once one
big landmass
that later split
up. 50 years
later his theory
was confirmed
by the model of
plate tectonics.

@ Alfred Wegener was initially criticized,
because he could not explain how the
continents moved apart

milestones

active faults and volcanic flows have
formed the Mid-Atlantic Ridge on the floor
of the ocean. The solidification of magma
forms new ocean crust as old cracks break
open again and again, each time increas-
ing the amount of crust.

In this way, two oceanic lithospheric
plates have formed, each of which is grad-
ually growing and drifting away from the
other. In much the same way, when the
crust within a continent breaks open, new
oceans can eventually form. For example,
in about ten million years the East African
trench could divide Africa.

Mid-Atlantic Ridge Continent

Subduction
zone

Subduction

Ocean
I zone

Earth's
crust

— . — -




u plate boundaries

For new ocean crust to continue to form, older parts of the crust must first
be destroyed. This happens when tectonic plates collide with each other.

When lithospheric plates meet each
other, one plate can slide below the other
in a process called subduction. This pro-
cess, and the changes in the suface asso-
ciated with it, happens at different rates.

less extreme the angle of descent of the
subducting plate, the farther away the melt-
ing zone is, forming oceanic trenches and
island arcs long distances from each other,
and flattening the channel between them.
The greater the angle of de-
scent, the faster subduction
takes place, creating an oce-
anic trench close to the is-
land arc.

On a collision course
Ocean crusts are composed

plate tectonics

@ Tarawera Mountain in New Zealand 1s close to the
boundary of the Pacific and Austrahan plates

chiefly of rocks, such as
basalt and gabbro, making
them heavier than continen-

HOT SPOTS are points of volcanic activity located in the
center of the Pacific Ocean. They are not situated on a
tectonic boundary; rather, the Pacific plate skims over the
top of the hot spots. Nonetheless, magma flows constantly
rise from a depth of around 10,000 feet (3,000 m) as a
result of a mantle plume—an area of unusually hot rock
in the mantie. The regular lava flows continue to form
islands, including the Hawaiian and Galapagos Islands.

tal crusts, which are primarily
composed of granite and
gneiss. Because of this,
when plate tectonic move-

basics

ments cause an oceanic
plate to collide with a conti- Shifting with consequences

nental plate, the oceanic Sometimes neither subduction nor collision

plate is usually subducted,
causing earthquakes and

takes place. Instead plates slide against

@ In the Persian Gulf, the younger Arabian plate (lower left) I1s running
up on the Eurasian plate (upper nght). This area was once the site of a
nft, where the two plates pulled apart from each other, and the Indian
QOcean filled in the widening gap between the plates. The process then
reversed, and about 20 million years ago the gulf began to close up
The collision of the two plates gives lran its mountainous terrain.

each other in a motion called shearing. In
volcanic eruptions in the
subduction zone. When two
continental plates collide,

shearing zones, the plates can interlock,
causing earthquakes as they tear free from
each other.

The East Pacific Ridge, for example, grows
five inches (12 cm) each year, but the Mid-
Atlantic Ridge grows only two inches (five
cm). Areas where the plates drift away from
each other are called divergent plate
boundaries, and areas where they collide
are called convergent plate boundaries.

The slower the drift of an oceanic plate,
the cooler and heavier it becomes. When
plates collide, the heavier plate is sub-
ducted. The rocks and sediments depos-
ited on the plate melt in the upper mantle,
forming magma that rises to the surface
and flows from volcanoes as lava. Volca-
noes that lie above sea level are visible as
chains of islands bending in the direction
of the descending plate.

An oceanic trench, the point of contact of
the plates, is a part of every istand arc. The

@ see also: Structure of the Earth's crust, p.59

however, subduction does not take place.
Instead the plates push against each other
and buckle upward, forming mountains at
the point where they meet.

The most well-known shear zone is the
San Andreas Fault, but the lines of fracture
in the mid-ocean ridges are also sites of
frequent earthquake activity.

— Divergent boundary

— Convergent boundary
— Transform zone
* Uncertain boundary

a4 Notable volcanic eruption:

1900~ present PACIFIC

PLATE

e Volcanic hot spot

o Earthquake of magnitude
8 or greater on the Richter
scale: 1900-present

NORTH
. AMERICAN
PLATE

/_) 'y

EURASIAN

SOUTH
MERICAN
PLATE *®

* AUSTRALIAN
PLATE
°

ANTARCTIC PLATE

@ The Earth's crust consists of the following major tectonic plates: the Eurasian, African, Pacific, Antarctic, North

American, South American, and Austra.an.



LY EARTH | origins and geology !

reconstruction

In order to reconstruct how and when the continents migrated into their
current positions and the route they are now following, researchers have
developed measuring procedures to observe the traces of rock “memory.”

There are traces of ferrous silicates example, near the San Andreas Fault in
almost everywhere in the lithosphere. California, they have set up a network of
When molten rock is cooling in the crystal- measuring points. With laser geodesy in-
lization phase, the magnetic iron minerals struments, changes in angle and distance @ Radio telescopes can “image” many astronomical
arrange themselves in the direction of the between individual points can be precisely ~ C/S¢t that emit radiation al radio wavelengtns.
existing magnetic field, much like a com- determined. However, the function of geo- used to determine the movements of the
pass needle. Measuring the angle of the detic networks is tightly confined due to air continental massifs. The same principle
minerals, known as the inclination, can pollution and the Earth's curvature. govems radio astronomical measuring pro-
determine where a continent formed and cedures; however, in this case, the radiation
which movement it has since taken. GPS: global positioning system from pulsars or quasars is analyzed. Speci-
Another procedure for calculating plate alized laser satellites are used to measure
GRAVIMETRY measures changes in gravitational force movement is the GPS measuring method. vertical changes at the edges of the plates.
SEISMOGRAPHY analyzes the duration, form, and Most commonly used in navi-
strength of earthquake vibrations. gation systems for auto-
GROUND-PENETRATING RADAR “illuminates” the topmost mobiles, it consists of 24
layers of the Earth with electromagnetic waves. 8 satellites, each transmitting a
MAGNETOTELLURICS is a method of imaging the Earth’s 8 distinct signal. As every point
subsurface by using natural magnetic fields. o on Earth can always receive
a signal from at least four
Geophysicists are able to retrace more satellites at once, its exact
than just large-scale plate movements position can be determined
across geological time. Thanks to more nearly to a fraction of an inch
sophisticated procedures, they can also based on the differences
measure current changes in position, in signal transit time. Thus,
although these only amount to a few the various gaps between
inches per year. At locations where the individual reference points @ The Global Posttioning System (GPS) 1s a useful measuring tool for
geophysical research, such as the study of earthquakes. Using GPS
earthquake risk is particularly high, for measured Over a year can be  devices, scientists can record the Earth’s movements in detail.

@ A panoramic space view of the Himalaya provides
significant information about the geological structure of

the Earth's highest and most extensive mountain range.



@ primeval continents

Pangaea, Laurasia, Gondwana: these names are taken from the Earth's
history. Today the outlines of these three former continents can be recon-
structed on the basis of models simulating continental drift.

The location of each continent today is
the result of geologically recent tectonic
changes. The further back an epoch is in
the history of the Earth, the harder it is to
imagine what the Earth would have looked

L

massive primeval continent Rodinia formed
about 1.1 billion years ago. This superconti-
nent was surrounded by a gigantic ocean

called Mirovia. It is thought that Rodinia dis-

integrated about 800 million years ago.

oY b
=

@ Evidence for continental drift. Fossils of the Lystrosaurus were found in Africa, India, and Antartica.

like. The most recent research suggests
that after the formation of the Earth’s crust,
continental plates must have moved much
more actively than previously thought.
Therefore several individual superconti-
nents must have formed from the land-
masses. The earliest supercontinents were
Kenorland about 2.5 billion years ago and
Columbia about 1.5 billion years ago. The

@ Canyons, such as Kings Canyon in California, were
formed by erosion caused by conflicts between plates.

Q see also: Earth's origins, pp.54-55

Gondwana and Laurentia

Toward the end of the Precambrian, South
America, Africa, Australia, Antarctica, and
India formed a massive coherent land-
mass in the Southern Hemi-

plate tectonics

giant mountain ranges. Remains of the
Caledonian mountain range can still be
found today In the Appalachian Mountains,
the Scottish Highlands, and in Norway.
Toward the end of the Paleozoic, Gond-
wana and Laurentia combined to form the
supercontinent Pangaea. High mountains
were created during the collisions, includ-
ing the Variscan Belt, which has now been
almost entirely eroded. The Tethys Ocean
closed during this event.

Pangaea

Pangaea stretched from Pole to Pole and
covered about a third of the Earth's surface.
The remaining part was taken up by the
primeval ocean Panthalassa that sur-
rounded all landmasses. A few shallow
inland seas still existed, but they dried out
relatively quickly. About 200 million years
ago, deep cracks and large rift valleys
formed as the Pangaea “supercontinent”
started to break up. The outlines of today's
continents became recognizable. The
proto-Atlantic formed as an inland sea
between Africa and North America during
the Jurassic. The continents began to travel
toward their current locations on the Earth’s
surface. The denomination of the conti-
nents used today emanates from Greek
antiquity; Herodotus divided the Earth into
Europe, Asia, and Africa. Nowadays seven
areas are regarded as continents: Asia,
Africa, North America, South America,
Antarctica, Europe, and Australia.

sphere of the Earth. The
supercontinent Gondwana
was separated from the
supercontinent of the North-
ern Hemisphere, Laurasia,
by the Tethyan gateway,
which varied in width. After
the oceans retreated, the
continents were flooded
again. Distances between
landmasses decreased once
more during the Paleozoic.
Toward the end of the Cam-
brian about 500 million years
ago, fragments of the conti-
nents collided and formed

in focus

THE PRIMEVAL OCEAN

@ The Pacific Ocean evolved from Pantha-
lassa after the breakup of Pangaea.

Panthalassa is a global ocean
that used to surround the
supercontinent Pangaea dur-
ing the late Paleozoic and the
early Mesozoic. Its name
originates from Greek and
means “all oceans.” A wide
gulf that was situated off the
eastern coast of Pangaea
called the Paleo-Tethys can
still be found in today’s Med-
iterranean. Panthalassa prob-
ably originated from Mirovia,
a hypothetical primeval ocean
once surrounding the super-
continent Rodinia.
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causes

The constant motion within the layers of the Earth affects the surface,

sometimes in the form of sudden e

vents such as earthquakes. In highly

populated regions, this can result in a devastating natural disaster.

The Earth’s lithosphere is very slowly
but constantly moving; when lithospheric
plates under the surface of the Earth re-
form, subduct, or slide, an earthquake can
occur. These changes are the cause of 90

causes | measurement | faults | prediction

EARTHQUAKES

The Earth is constantly shifting below our feet. The magni-

tude of this movement is usually too weak to be sensed by
humans, yet various factors can result in highly destructive
and intense earthquakes. In areas where this occurs fre-
quently, safety precautions are of vital importance.

in focus

percent of all earthquakes. Different types

of faults, or cracks, in the tectonic plates are

under extreme tension and cause tremors
when they slip. The two types of faults are
dip-slip faults and strike-slip faults: the

plates of dip-slip faults move up and down,

while in strike-slip faults they move hori-

zontally (left or right) across the fault plane.

The point of origin of an earthquake is

called the hypocenter. Typically, the hypo-
center of an earthquake
occurs at a depth of less

than 37 miles (60 km) below

the surface of the Earth.
QOccurrences at core depths
between 190 and 430 miles
(300 and 700 km) are rare.
The epicenter lies on the

the hypocenter. The highest
intensity surface effects are
seen at the epicenter.

Seismic waves
Energy generated from the restructuring of

the Earth's layers travels in the form of seis-

mic waves. Seismic waves can be caused

THE EPICENTER AND THE DISTRIBUTION OF WAVES

The fastest seismic waves are body waves, which
include “P" or primary waves and “S” or secondary
waves. P waves travel through rocks, liquids, and
gases with a speed of 4-3 miles (6-14 km) per sec-
ond. S waves can only be transmitted through solids
and are about half as fast as P waves.
Because the speed of the waves is known, the
location of the exact epicenter of the earthquake
can be determined using the time interval between
S and P waves as they reach three separate
seismological stations.

Types of surface waves include Love and Rayleigh
waves, which are named after two British scientists.
Love and Rayleigh waves are even slower than
S waves, and can cause significant damage. Most of
the shaking or tremors felt by humans during an
earthquake are Rayleigh waves.

Earth's surface, directly above

@ (n January 1995 the town of Kobe was destroyed
by an earthquake that measured 6.8 on the moment-
magnitude scale. Approximately 6,400 people were
killed, over 400,000 hurt and more than 100,000
houses destroyed-it was the worst earthquake in
Japan since 1923.

by shifts in faults and most often correlate
with earthquakes. The two main types of
seismic waves are "body waves” and
“surface waves." Body waves form in the
interior of the Earth and travel in a circular
motion in all directions, including through
the planet’s core. Surface waves are slower
and travel along just below the surface.

Additional causes

Not all earthquakes are caused by tectonic
changes, some are caused by volcanic
eruptions. The ascent of magma through
the volcano and the shifting of molten rock
in the magma chamber beneath the Earth's
crust both cause tremors. Hundreds of
smaller earthquakes will usually occur prior
to an eruption.

Humans can also be the direct cause of
earthquakes, for example by collapsing
mines and tunnels or by conducting
underground atomic bomb tests.

@ At 5:12 am. on Wednesday, April 18, 1906, an
earthquake with a magnitude between 7.7 and 8.3
struck San Francisco and the coast of northern Califor-
nia. it 1s rememberedy 88 2
disasters in the histoRy
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@ measurement and consequences

It may not be possible to predict earthquakes, but by studying them scien-
tists hope to find ways of lessening their damage.

Early in the 20th century, volcanologist
Giuseppe Mercalli created a scale catego-
rizing earthquakes based on damage in-
curred. This Mercalli intensity scale ranges

Epicenter
Seismic waves .
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SR

Plate boundary

Continental lithosphere

the destruction of almost all buildings.
The more popular and more scientific
Richter scale, developed by Charles Fran
cis Richter, calculates the intensity of an

Hypocenter

@ The Earth’s lithosphere 1s a patchwork of plates in constant but slow motion. Driven by heat from within the
planet's mantle and core, these tectonic movements are the source of most earthquakes. The seismic waves are
the result of movement and fracturing along geological fault ines.

from Level 1, which is registered only by
seismographs, to Level 12, which results in
severe changes on the Earth's surface and

SEISMOGRAPHS

Seismographs, used to measure vibra-
tions of an earthquake, come in a wide
variety. Early seismographs used a
weighted, hanging pendulum to etch or
draw vibrations onto glass or paper.
The stronger the earthquake, the
greater the amplitude. Modern seismo-
graphs employ more sophisticated re-
cording instruments with electronic
sensors and amplifiers.

@ A group of seismographs can accu-
rately locate an earthquake's epicenter.

in focus

Q see also: Skyscrapers, p. 369

earthquake as "magnitude” (M) on a loga-
rithmic scale. The M-value is determined
from the distance between the hypocenter
of the earthquake and the
seismological recording
station, as well as the ampli-
tudes recorded on seismo-
graphs. Earthquakes with
magnitudes less than 2.0
are not perceivable by peo-
ple. Numbers on the Richter
scale represent an earth-
quake ten times more pow-
erful than the number below
it. Thus an earthquake of
5.0 M is ten times more
powerful than one with an
intensity of 4.0 M. Today,
scientists use the more
precise moment-magnitude
scale. To calculate the
M-value, this scale multi-
plies the area of the fault's
rupture by the distance

earthquakes

moved along the fault. The study and mea-
suring of earthquakes is crucial in aiding
scientists and engineers with planning for
future occurances, especially because
there could be deadly conseqguences.
Currently, most scientists focus primarily on
mitigating the hazards of earthquakes by
improving structural stability of buildings.

Consequences of an earthquake
No earthquake has cost so many lives as
that in the Chinese province of Shaanxi in
1556. An earthquake was recorded with a
magnitude of 8.0. Approximately 830,000
people were killed—many of whom died in
their beds as their houses collapsed.
Unexpected by-products of earthquakes,
such as fires, floods, and lack of shelter or
food, can be as destructive as the tremors
themselves. After earthquakes in San Fran-
cisco in 1906 and Kobe, Japan, in 1995,
survivors had to cope with extensive fires
that raged for days. The capital of Portugal,
Lisbon, was hit by a tsunami following a
significant earthquake in 1755, submerging
the city under water. After a devastating
earthquake in Kashmir in 2005, difficulty in
providing timely assistance to such a
remote, inaccessible region as this meant
that survivors faced winter without shelter
or sufficient food.

@ In geology the visible fracturing and displacement of the Earth's sur-
face, caused by an earthquake, is known as a fault. In the case of major
earthquakes, a fault may even be as wide as several feet
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faults

Faults are ruptures or cracks in rock that often extend for miles along the
upper layer of the Earth’s crust where two crustal sections are displacing
one another. They are usually created by earthquakes.

While we normally do not feel it, the
Earth’s crust is constantly moving. In most
places, however, the crust only moves a

areas. However, strong shearing forces are
at work at the edges of the converging
plates, which can lead to the formation of
few inches per year. The cracks caused by
this movement (fault lines) extend for many

faults. More specifically, these forces create
strike-slip faults, which are also known as
transform boundaries.

Magma breaks up crust

in focus

miles and through the Earth’s upper crust.

Ocean floor spreads

@ When the crust repeatedly splits open in a mid-oceanic ridge, pieces of the crust begin to break off.

Over time this creates a central trench underwater.

This process is not always smooth or
continuous; in fact, sometimes erratic
shuddering movements occur, releasing
an enormous amount of energy.

If two plates move past each other, the
crustal material is neither destroyed, as
with subduction, nor is it jammed together,
as happens when one continent collides
with another, forming high mountainous

SAN ANDREAS FAULT

The San Andreas Fault is located in California. Here the Pacific plate is
pushing past the North American plate at about one centimeter per
year. Due to this move-
ment two points that
were next to each other
20 million years ago
are now about 348
miles (660 km) apart.
In 1906 an earthquake
hit and ruptured 296
feet (477 m) of the San
Andreas Fault. It hap-
pened when the two
plates suddenly moved
39 feet (12 m) past

@ The San Andreas Fault extends an approxi-
mate 8,000 miles (1,300 km) through California. each other.

Q see also: Plate tectonics, pp. 64-65

The location of a transform boundary
always indicates a high earthquake risk.
A well-known example is the San Andreas
Fault in California (see in focus). The North
Anatolian Fault in northern Turkey is among
the most active earthquake regions. Here
the small Anatolian plate is moving past
the huge Eurasian plate at up to seven
inches at a time. About 25,000 people lost

their lives in the last large
earthquake that struck the
city of lzmir in 1999. The
Great Alpine Fault, which
runs straight through the
southern island of New Zea-
land, is one of the world's
most impressive faults.
Where the Australian and
Pacific plates meet, the
plates are not only moving
past each other, but one is
also moving over the other.
The result of this movement
is the striking elevation of
the New Zealand Alps on
the east side of the fault.

@ The action and movement of geological faults can
create splendid rift valleys.

The mountains grow approximately

0.39 inch (0.99 cm) each year. Transform
boundaries are not only present on the
mainland; they can also be found on the
ocean floor. At the points of numerous
cracks and faults, the mid-ocean ridges
are shifting at right angles to their

@ The Great Rift Valley begins in northern Syria and
stretches to central Mozambique, totaling 3,700 miles
(6,000 km) in length.

respective longitudinal axes. The ridges are
neither moving in a continuous straight line
nor are they being forced apart at the same
speed. At these faults, the crust is not sub-
ducted, but instead the plates are moving
sideways past each other.




@ prediction and safety

Earthquake prediction is still an inexact science; however, monitoring sys-
tems are constantly improving. With adequate preparation the worst conse-
quences can be avoided. Without it, the scale of disaster can be enormous.

Many phenomena can precede an
earthquake: Rock deformations cause
changes in the active plate boundaries of
Earth's crust. When water seeps from rock

@ A high-tech buoy off the coast of Sumatra, Indonesia: monitoring
systems have been installed since the disastrous 2004 tsunami

pores, groundwater level can change. Earth
columns that open up also influence soil's
electrical conductivity. Rock fissures
release radioactive gases onto Earth's
surface. Eventually, smaller tremors cause
a large quake. All of these events can be
measured by the equipment at seismologi-
cal stations. Even unusual animal behavior
can predict an imminent earthquake.
However, such signals are not sure indi-
cators. Earthquakes and tremors can occur
without any indication at all. Prospective
early warning systems are thus being
investigated. Recently, activity levels of
positively charged oxygen (O,) ions have
been used as predictors of seismic activity.
O, ions originate in the interior of the Earth
when O, molecules are destroyed and rise
to the surface, combining with oxygen in
rocks to release energy as heat. A satellite-
supported system may be able to detect
such emissions, providing early warning of
seismic events in time to sound the alarm.

Tsunamis

Most tsunamis are triggered by seaquakes

that cause vertical shifts of the ocean floor,

setting the water above in motion and
forming circular waves on the
open sea. Unlike storm waves, in

which only the uppermost layer of

- water is raised, all of the water in

a tsunami wave is raised, making
it extremely powerful. When a tsu-
nami approaches a coastline, its
waves increase in height because
of the decrease in water depth
and in response to the wave's
decreasing speed. The rising
waves that make up tsunamis
cause widespread, catastrophic
damage. In fact, even the wave
troughs that accompany tsunamis
can cause destruction, sucking
out to sea anything with which
they come into contact—often up
to a mile from shore.

MODERN SKYSCRAPERS

Modern skyscrapers are designed to withstand earth-
guakes up to 8.5 on the Richter scale. Some buildings are
supported by large steel and concrete columns that inter-
twine to form a movable “corset” that swings with the
tremors instead of resisting them. Other buildings are con-
structed on bearings that can neutralize the effects of
Earth's vibrations or use vibration compensators such as
enarmous hanging steel balls. The Torre Mayor in Mexico

City, built in 2003, uses seismic dampers.

in focus

@ Construction worker on Taipei 101 mass damper

earthquakes

@ A simulated wall of a skyscraper is tested for its behavior in the event
of an earthquake.

@ There are 98 seismic dampers set into the
reinforced concrete and dual steel structure
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anatomy of volcanoes

Volcanoes have existed ever since Earth’s beginning 4.5 billion years ago.
Although volcanic eruptions are destructive to the animal and plant world,
lava and volcanic ash also add enriching minerals to the soil.

Volcanoes are fed by unseen magma
chambers: pockets of moiten rock that lie
about half a mile beneath Earth's crust. If
a chamber's pressure exceeds a certain
threshold, its magma begins to rise through

VOLCANOES

The active life of the inner Earth is brought to the surface

solidification of magma under Earth is
called subvolcanism. There are several
different types of volcanos. Linear volca-
noes (also called volcano cones or cinder
cones) eject lava through linear shafts. In
central volcanoes, lava flows
from a central, tubelike vent.
The lava flows of shield
volcanoes are viscous, but
those of stratovolcanoes, or

and made apparent by volcanoes and thermal springs.

Volcanic activity affects the global climate and can pose
great dangers to the nearby population. However, volcanoes
are also an important source of soil nutrients, and thermal
springs have long been prized for their therapeutic qualities.

in focus

fissures and cracks, ultimately forming a
volcanic vent. The magma may remain
underground, or the vent may open at the
surface, either above ground or through
the ocean floor, spilling magma out of the
crust as lava. This rising of molten rock to
the surface is known as volcanism, and the

SUPER VOLCANO

Approximately 5 miles (8 km) beneath Yellowstone Na-
tional Park in the United States lies a 37-mile (60-km)-
long, 25-mile (40-km)-wide, and 6-mile (10-km)-deep
magma chamber that contains about 5,800 cubic miles
(24,000 km®) of magma. If this volcano erupted again,
it could cause earthquakes and tsunamis, as well as
catastrophic effects on the Earth’s climate.

@ The last eruption of the Yellowstone Caldera about
640,000 years ago spread ash over most of the continent.

3 see also: Earth's origins, pp. 54-55

Magma

The composition of molten
rock, or magma, determines
the type of each volcano's
eruption. Magma with silica
(Si0,) levels greater than 66
percent is called acid magma while basic
magma is about 52 percent silica. Magma
releases gases as it rises, which decreases
its pressure—acting in much the way car-
bon dioxide does when a soda bottle is
opened. The higher the magma rises, the
greater the amount of degasification that

Shield volcano
with wide and
broad flanks

Stratovolcano
with a cone and
crater

composite cones, are less so.

@ Mount Bromo, also known as Gunung Bromo, is a
subduction zone stratovolcano in Indonesia.

occurs. The enormous pressure exerted
by the gas released from the magma
forces the magma up the volcanic vent,
blasting it out onto the Earth's surface in
the form of a volcanic eruption. Because
acid magma'’s viscosity keeps it from
escaping as easily as basic magma does,
eruptions of acidic volcanoes—when they
do occur—are the most explosive.

A crater formed due to
an explosion or collapse
of the magma chamber

Cinder or ash cone

@ Eruptions with a Volcanic Explosivity Index of 7 or 8 are colossal events. They often form circular calderas (right)
rather than cones (left) because the overlying mass collapses and fills the empty magma chamber beneath.




@ volcanic eruptions

When the huge pressure that builds beneath a volcano prior to
an eruption is finally released, the results can be spectacular.
Ash and pyroclastic material may tower 12.5 miles (20 km) into
the sky, while molten lava pours down the mountainside.

Volcanoes eject the products of their eruptions are usually accom:-
eruptions as gases, liquids, and solids. panied by heavy rainfall as
Effusive eruptions produce basic lava airborne ash causes steam
flows, which are less viscous and often to condense from the air
flood large areas before solidifying. These around the eruption site.
eruptions can last for centuries and have When rainwater combines
historically had devastating effects on with volcanic ash, large
Earth's climate, releasing large quantities sheets of potentially destruc-
of greenhouse gases, steam, and carbon tive mud and debris, called
dioxide into the atmosphere. Eruptions of lahars, begin to flow down
viscous lava (which explodes during the volcano’s slopes to the
degasification) mingle lava with rocks. land below.

These explosive eruptions, called pyroclas-

tic emissions, bombard the regions that Lava

surround them, rapidly burying the nearby Volcanic lava may manifest
countryside under several feet of ash. The itself in many forms, accord-

volcanoes il-

BEGINNING ANEW

Thousands ol square miles of land can be destroyed by a volcano’s erup
tion, and it can seem impossible that environments turned 1nto such
wastelands could ever recover. Yet only months alter the 1980 eruption
ol Mount St. Helens in Washington state, the lirst plant growth reap
peared on the nutrient rich ash lields surrounding the mountain. Animals
returned to the area soon alterward; however, the local ecosystem may
need 200 years to return to its pre-eruptive state.

finest pyroclastic materials can collect and ing to the conditions accompanying volca- smooth, billowy, undulating surface. Vis-
form a pyroclastic cloud with a temperature  nic eruptions and subsequent patterns of cous "aa-lava,” however, solidifies in sharp-
of about 1800°F (1000°C) and speed up to lava cooling. Thin smooth-flowing magma edged blocks. Acidic lava that froths during

620 miles per hour (1,000 km/h). Explosive  forms “pahoehoe lava,” which has a

@ Moiten lava flowing from Mount Etna, Sicily: Mount Etna is one of the most active volcanoes in the world and

is in an almost constant state of eruption.

degasification forms pumice, but abrupt
cooling creates noncrystalline or glassy vit-
reous rocks, including obsidian. When lava
comes into contact with water, pillow lava
is formed, in rock masses that can range
up to three feet (0.9 mllr: diameter.
l.., . o X Rl
: 1 @ Pinatubo is a stratovolcano on the island of
N Luzon, Philippines. Pinatubo rose about 5,725
feet {1,745 m) above sea levelbefore the June

1991 eruption. Almost 500 feet (150 m) of the
ﬂ £ volcano was blasted away by.this eruption.
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» life with volcanoes

Many people live with the daily threat of a volcanic eruption. It has only
been in the last few years that scientists have been able to predict volcanic
activity with any reliability and offer early warnings to those nearby.
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@ Over 80 percent of today's active volcanoes are located on the “nng of fire*—subduction zones of several
tectonic plates around the Pacific Ocean

Most volcanoes are located on the active
borders of continental plates. Underwater
volcanoes are found in regions where new

subduction is occurring: one plate is being
pushed under another at the line of colli-
sion. Many of these subduction zones are

crust is forming, along mid-ocean ridges.
These volcanoes can eventually grow so
large that they form islands. Land volca-
noes are usually found in areas where

distributed around the Pacific Ocean. There
are volcanoes situated in coastal regions
around the Pacific, distributed much like a
string of pearls on a necklace. These form

VOLCANIC ERUPTIONS IN HISTORY

The eruption of Mount Vesuvius is one of the most famous in history. In
79 B.C., a pyroclastic cloud buried the Roman city of Pompeii under a
thick ash cover. The eruption of Mount Tambora in Indonesia in 1815
killed about 10,000 people and caused crop failures and famine as far
away as Europe. Ap-
proximately 71,000 peo-
ple were affected by
the eruption, in addition
to those killed by the
explosion itself. Con-
versely, the eruption of
Mount Pinatube in the
Phitippines in 1991
killed only 500 people
due to the prediction’s
of volcanologists.

ediscovered n 1748. Its nhabi-

preserved by the volcanic ash

see also: Earthquakes, pp. 68-71
ac

the “ring of fire.” Other volcanoes, such as
those on Hawaii, are in *hot zones,” where
internal forces within tectonic plates pro-
duce magma independent of continental
plate boundaries.

Many volcanic areas are very fetile, due
to the mineral-rich lava and ash released
by the volcano that improve nearby soil
quality. Because of this, these areas are
often densely populated—putting the
population in great danger from future ex-
plosions. In order to evaluate the likelihood
of possible eruptions, volcanologists con-
stantly monitor active and dormant volca-
noes for any volcanic activity.

Warning signals

Since all eruptions are preceded by earth-
quakes, scientists are able to monitor vol-
canic activity using setsmic instruments.
Another indication of an impending erup-
tion is an increase in the concentration of
sulfur dioxide in the gases that flow out of
fissures and cracks. Laser-equipped mea-
suring devices, able to measure volcanoes
at very high degrees of precision, record
surface deformations. Such devices mea-
sure the dilation (expansion) of volcanoes’
magma chambers, a phenomenon directly
related to increases of pressure within
magma chambers, which can cause erup-
tions. If an explosion seems imminent,
those living nearby will be advised to leave,
thereby preventing a disaster.

@ The IrazG Volcano in Costa Rica has erupted at least 23 times since 1723.



s thermal springs and geysers

Geysers are spectacular and demonstrate the immense energy stored in
the interior of the Earth. Similarly, thermal springs, fumaroles, mofettes, and
solfataras hint at the dangerous potential of volcanoes.

@ The sinter terraces in Pamukkale, Turkey, were formed by deposits

high. The water onginates
from a larger reservoir deep
below the surface of the
Earth, where magma heats
up the water gradually. The
pressure created by the boil-
ing water causes it to explo-
sively eject through a stack
from time to time. The de-
pleted hot water is replaced
by cool groundwater, which
terminates the process be-
fore the cycle starts again.

Beauty and health
Yellowstone National Park
has the largest concentra-
tion of thermal! springs in the
world. The water that flows
from the springs, which can
be close to boiling point,

is enriched with minerals.
These precipitate as soon
as the water cools down

at the Earth's surface.

This leads to the formation
of impressive rock forma-

volcanoes

@ OlId Faithful is a cone geyser located in Wyoming,
in Yellowstone National Park in the United States.
Eruptions can shoot 3.700 to 8,400 U.S. gallons (14-
32 ki) of boiling water to a height of 106184 feet
(30-55 m) lasting from 1.5 to 5 minutes.

gases meet with water upon exiting the
ground, they create bubbling mud pots

or mud gushers. Solfataras are fumaroles
that emit sulfurous gases. They are usually
somewhat cooler, and their emissions
settle out next to the ejection points in the
form of pure sulfur. The most dangerous of
all degassing features are mofettes. Gases
escape through small holes and cracks in

from calcium-rich thermal springs over hundreds of years.

Geysers are typical features of regions
where volcanic activity is abating. They
occur only on a few places on Earth:
Iceland, the United States, Chile, New Zea-
land, Japan, Ethiopia, and on the Kam-
chatka Peninsula. Some regularly eject jets
of water or steam up to 320 feet (100 m)

@ A lava filled fumarole in a crater on the Fournaise
range on the island of Réunion

tions. A famous example is
the sinter terraces found in Pamukkale
(Western Anatolia, Turkey).
These thermal springs have
been famous for their thera-
peutic benefits for thousands
of years.

Hot steam and toxic
gases

Fumaroles are any cracks in
the Earth's surface that emit
steam and gases. They are
at lower pressure than gey-
sers, so they do not eject
any water. Steam and gas
from fumaroles can reach
temperatures of up to 1470°F
(800°C). When these hot

in focus

rocks, delivering high concentrations of

toxic carbon dioxide.

BLACK SMOKERS

Black smokers are hot springs at the
bottom of the ocean. They were dis-
covered in 1977 near the Galdpagos
Islands at a depth of about 8,500
feet (2,600 m). They eject water as
hot as 660°F (350°C) from their
chimneylike stacks. Precipitation
from dissolved metallic sulfides pro-
duces plumes of black smoke. These
thermal springs are fascinating for
scientists as communities of living
organisms survive in their dark and
poisonous surroudings.

@ The water around a black smoker
has a pH of approximately 2 8—similar
to that of vinegar.
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@ mounta I n fOf‘m atl on formed during the worldwide Alpine

orogeny, which began approximately

220 million years ago and still continues
today. The world's highest mountain ranges
known today originated during this phase:
the Alps in Europe, the Andes in South

On a human scale, the time period over which mountains are created
seems infinitely long. Even what appears at first glance to be fixed and
unalterable is subject to constant change.

The most significant mountain ranges Alpine-Himalaya system, ranges east from America, and the Himalaya in Asia.
are not simply scattered across the Earth northern Africa, over the Alps, and into the
at random. Instead, most lie along active Himalaya before reaching Indonesia. Building up and breaking down
plate boundaries and belong to one of the The most common high mountain forma-
Farth's two large mountain systems. The Phases of mountain formation tions are fold mountains, which emerge
There have been three sig- when two crustal plates come together.
formation | ranges | fracture tectonics | summits nificant phases of mountain Under enormous pressure, sedimentary
formation: the Caledonian, rock from the ocean floor is folded upward,
the Variscan, and the Alpine pushing past younger layers of rock. This
M 0 U N TAI N S eras. The old fold mountains  process occurs before the actual mountain
. . . that were created 450 to range rises, and for most high mountain
Mountains are among the most impressive large land- - " e
scapes on Earth. Young fold mountains, threatening volca- 250 million years ago ranges the uplifting procedure is still
noes, and momentous fissures are all testaments to the hayegbeen ; - = ﬁ
tectonic processes that warped huge sections of the ST - <
Earth’s crust. The process of mountain formation is called radically trans- _ IF:
orogeny; the physical mountains themselves are orogens. formed by -
subsequent
~ mountain
Circum-Pacific system encircles the entire formation. Of the once
Pacific Ocean. It traces an arc from New mighty Caledonians, only
Guinea, across Japan and the Aleutians, the Norwegian coastal
and into the American Cordilleras. The plateau, the highlands of
latter extend along a 9,321-mile (15,000- Scotland and Greenland,
km) stretch from Alaska down to Tierra and the Appalachians
del Fuego in South America. The second, remain today. Almost all
larger orogenic network, called the young fold mountains were

@ The Alpine-Himalaya system ranges from the Atlas Mountains to the
Alps and Balkans, the Caucasus and the Himalaya, and into Indonesia.

occurring. However, the
effects of weather and
erosion gnaw away at a
mountain, wearing it down
even as uplifting begins.
Without these effects, the
Alps would be 32,808 feet
(10,000 m) high today.

As erosion exposes the
fold formations, the folds
consisting of harder rock
matter become mountain
crests. In contrast, the

: softer rock is removed more
’—p’, = quickly, which fosters valley and
basin formation.

3ins can form through sub-

d urs when two plates meet and .
eath the other. Often an oceanic plate . -
a continental or another oceanic plate. -

genic or volcanic zones.

O see also: Plate tectonics, pp. 64-65




@ mountain ranges

No mountain range is the same as any other; each has its own specific
evolutionary history and unique characteristics. Nevertheless, in their
genesis many follow a more or less standard formation process.

The largest mountain ranges were cre-
ated through the collision of continental
plates, which fold sedimentary layers up-
ward. If the compressional movement

creates enough pressure, “roofs” tear
away from the lower layers. These roofs
can then be pushed over one another
across a distance of several miles.

The clash between the Indian and the
Eurasian plates around 50 million years
ago led to the lifting of the Himalaya.

@ The Cliffs of Moher in Ireland, made of shale and sandstone, repre-
sent a slice through geological time with the oldest rocks at the bottom.

- —.—~'* T e ]
@ The Cuesta del Obispo in Argentina: Cuestas are ndges formed by
gently titled rock layers and have steep slopes called escarpments.

However, this process is not yet finished,
and the “roof of the world" grows annually
by about half a millimeter. The Alps are an
outcome of the colliding Eurasian and
African continental plates; the current form
of these mountains was created by lifting
that occurred about 65 million years ago.
Further surface transformation happened
during the Neogene ice ages.

The South American Andes demonstrate
the results of a collision between an oce-
anic plate, called the Nazca
plate, and the continental
crust. Due to subduction,
parts of the heavy oceanic
crust were scraped away
and deposited on the conti-
nental plate in a wedge for-
mation. Simultaneously, the
continental crust was shaved
back. Then a belt made of
volcanic and magmatic rock
that had solidified in the
depths was shifted inland.
Many such belts, parallel to
each other, were formed in
this manner and are thus
called cordillera, or "strings
of mountains.”

Volcanic mountain
ranges

When two sections of oce-
anic crust collide, volcanic
arcs such as the Aleutians,
the Kuril Islands, and the
Philippines are formed in the
subduction zones. When
crustal plates drift away from
each other, volcanic moun-
tain ranges result; the largest
of this type are found along
mid-oceanic ridges. Ongo-
ing volcanic activity also
produces such mountain
ranges on the continents,

@ Mount Elbrus. located in the western Caucasus Mountains of Russia,

mountains

1s a dormant stratovolcano that nises 18,510 feet (5,642 m) into the sky.

not only at the bottom of the sea. Move-
ments caused by plate tectonics along the

sides of the East African Rift have created

huge cracks where magma wells up. The
mightiest mountain in Africa ascends
above this area: the Kilimanjaro massif,
which is 19,340 feet (5,895 m) high.

in focus

ISOSTASY

Mountains float on the elastic lithosphere like icebergs
on the ocean. In both cases, only a part of the whole
can be seen above the surface. As an iceberg melts, it
floats upward, so that its height relative to the ocean’s
surface stays the equal.
The same process oc-
curs in mountainous re-
gions that are worn
down or where glaciers
are melting and are no
longer so heavy.

@ A popular attraction,
Norway's Puipit Rock was
carved by glaciers during
the ice ages.

The smallest of the giants

The low mountain ranges vary between
4,900 and 6,500 feet (1,500 and 2,000 m)
high. They are often residual mountain

ranges, meaning that over millions of years,

the older mountains have been worn down
by weather and erosion. These old, rigid
remains do not yield and break under

the pressure caused by expansion in the
Earth’s crust. Examples of these kinds

of mountain ranges include the low moun-

tains of Germany, the African Ruwenzori
range (now called the Rwenzori Moun-
tains), and the Appalachians.
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» fracture tectonics

Due to the movement of its plates, the Earth’s crust is always subject to
pressure and shear forces. When the tension in a mass of rock becomes so
great that it exceeds the rock’s resistance, breaks occur at the weak points.

Fractures in a rock mass that are only a
few Inches to a yard long are called crev-
ices. Longer breaks are called divergent
boundaries. When a fracture occurs, cold,
brittle rock masses in the Earth’s crust may
be compressed with lateral pressure, for
example, if crustal movement causes two
such sections to collide. The result is that
one section is pushed upward. In this way

a ridge block, or massif, is lifted vertically
along the fault line. Fractures can also
occur if the rock expands instead of being
compressed. If the angle at which the rock
section is lifted is less than 45°, the occur-
rence is called a thrust. The term subsi-
dence refers to the sinking of a massif.

A rift, or graben, is formed if rock breaks
along two parallel boundaries and the

crustal block caves in, leav-
ing behind the steep flanks
formed by the fracture.
Generally, these flanks
break down further into
so-called staggered frac-
tures. If rift formation occurs
on a large scale (for exam-
ple, if sections of the crust
are drifting apart on diverg-
ing plates), elongated rifts
such as the Upper Rhine
Valley are formed. The op-
posite occurs if two crustal
regions are moving closer
together. Fractured massifs
are then lifted to become
horsts, or raised blocks. The
Black Forest and the Front
Range of the Rocky Moun-
tains in Colorado were

@ The badlands at Zabriskie Point in Death Valley:
Death valley is an example of a rift valiey.

formed by such a process. Mountain
ranges created by fracture tectonics are
called fault-block mountains.

in addition to the forces of compression

Range of mountain folds

and expansion,
shearing forces also
impact rock. These

FOLDS are created
in the same way as
fractures. They are
generated by the lat-
eral constriction of
sedimentary strata,
which results in a
sequence of anti-
clines and troughs.

forces are the re-
sult of sections of
crusts moving past
one another. Unlike
the effects of thrust
or subsidence, no
difference in eleva-
tion occurs at these boundaries; there is,
on the other hand, a lateral displacement.

™~

basics

Horst

Nappe system

S geclogical processes can lead to the formation of mountains.
bottom a range of mountain folds, a horst (raised fault block
ounded by graben, which are depressed); nappe system (body of
ock moved far from its onginal position), and the fault-block mountain
created when normal faults fracture a section of the continental crust).

@ Magnificent mountains sprinkled with snow loom over grazing buffalo.

3 see also: Structure of the Earth's crust, p. 59
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# mou nta | nsumm ItS mountain summit 1s either Mont Blanc In

the Alps or Elbrus in the Caucasus, de-
pending on how the boundary between
Europe and Asia 1s defined.

Since the beginning of time, people have had a special relationship to
mountain summits. While scientists see a summit as the result of tectonic
processes, climbers behold a formidable challenge.

Monoliths and monadnocks

The largest monolith on Earth is Mount
Augustus in western Australia. Much more
famous, however, IS Ayers Rock, located in
the same country. Rising abruptly from their
surroundings, such monadnocks, also
known as inselbergs, are the remains of
contiguous plateaus that have been worn
down by erosion or weathering. A good
example is Monument Valley in North
America, with its many striking rock forma-
tions. Table Mountain in Cape Town, South
Africa, was also formed from a rock layer
that survived the eroding teeth of time.

@ Mount Fujt 1s the highest mountain in Japan and last erupted in 1707. Its snow-covered peak is fantastically
symmetrical and nises 12,388 feet (3,776 m) into the sky. The mountain's name means “everlasting life.”

Most mountain summits are peaks in large. boulder-like, craggy rock or be
a range of mountains, although individual formed of free-standing massifs with
summits can also ascend from a plain. abrupt vertical drops, a volcanic cone,
Summits are normally formed when sec- or domes covered in perennial ice.
tions of the Earth's crust located at higher
elevations are eroded; they can also be Mighty mammoths
erected by lava that streams over the The highest summits on Earth are the
Earth's surface. Summits vary in terms “eight-thousanders.” so named because
of appearance: they can consist of a they all reach heights of over 26,247 feet

(8,000 m). Ten of these 14
gigantic mountains are
found in the Himalaya. The

_ @ Ayers Rock, or Uluru as it is known to the Abongi-
summit that towers over nes, is 2.2 mi (3.6 km) long and 1.142 ft (348 m) hugh.

them all at 29,029 feet
(8,848 m) is Mount Everest. . EARLY EVEREST ASCENTS
However, to be exact, this
summit is actually exceeded
by Mauna Kea in Hawaii.

Called Sagarmatha (“king of the heavens”) in Nepalese
and Chomolungma (“mother goddess of the earth®) in
Tibetan, this Himalaya mountain got its English name
Although this volcano from the British surveyor George Everest. The first
reaches only about half of people to conguer this

Everest's height, together summit were Edmund
with its underwater base, its Hillary of New Zealand
overall altitude is approxi- 0 ~netanTenzing

PP Norgay on May 29,
mately 33,500 feet (10,211 1953. In 1975 Japan's
m). The highest volcano on Junko Tabei was the
any continent, with a height first woman to reach
of 22,615 feet (6,893 m), is

the peak. Reinhold Mes-
: : sner made the first as-

Ojos del Salado, located on @ Over 200 people have lost

the border of Argentina and

therr lives trying to climb the  Cent without an oxygen
mightiest mountain on Earth. mask in 1978.

milestones

@ This famous monolith, named Sugarhill Mountain, is made of granite . .
and quartz and overlooks the Brazilian city of Rio de Janeiro Chile. In Europe, the highest
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types of deserts

Deserts and semideserts cover about one-third of the Earth’s land surface.
The best known desert, the Sahara, is also the largest. It extends over
3.36 million square miles (8.7 million km?).

A desert is a hostile environment with

little vegetation and commensurately

sparse fauna. The lack of water prevents

most plant growth in dry deserts. Such
drought is usually caused by the absence

deserts | droughts | forests | habitats

ECOSYSTEMS

Animals and plants, together with the environmental con-

ditions, soil, and climate of a place, create diverse, often
sensitive ecosystems. Only small changes in the environ-
ment are required to upset the many interdependent

relationships within the system, and destroy the balance

that helps different species survive.

of rain. For instance, if an area lies on the

leeward side of mountain ranges—such as
the South American Atacama Desert along

DESERT LACQUER
Iron and manganese
oxides, 00zing via
capillary action from
rocks, covered with

clay dust and spread-

ing out like a brown-
ish black lacquer.

DESERT ROSE

Rosette-like crystalli-

zations, from a
gypsum and sand
grain mixture,
formed through
evaporation of water
in salt lakes, but
also through the
weathering of gravel

DESERT GLASS
Developed 28 mil-
lion years ago
through meltdown of
desert sand, due to
pressure and heat
from a meteorite
impact, into purest
glass conststing of
98% silica and
traces of iridium.

basics

the western side of the An-
des, or the North American
Mojave Desert, west of the
Rocky Mountains—it receives
little precipitation. The Gobi
desert in Central Asia exists
because of a permanently
dry continental climate.
Passat (trade wind) deserts,
such as the Australian Simp-
son Desert, are created by
@ The majonty of the world's des-
erts are scree and talus fields,
where the removal of fine-grained

matenal by the wind has exposed
loose gravels.

constant subtropical high-pressure belts
that inhibit the penetration of moist air
masses into arid regions.

Semideserts and cold deserts

In hot deserts of the tropics
and subtropics, such as the
giant Sahara in North Africa,
the Arabic deserts, or the
Chinese Taklimakan, high
evaporation rates further de-
plete water supplies. A lack
of cloud cover leads to ex-
treme daily temperature fluc-
tuations. Temperatures reach
up to 175°F (80°C) during
the day as the sun heats the
ground unimpeded. During
the night, the temperature drops, some-
times below freezing. In a semidesert, like
the South African Kalahari
Desert, at least one wet
month allows plants to grow.
There are also cold deserts,
such as the Wright Valley in
Antarctica, where the ab-
sence of suitable tempera-
tures above the freezing
point prevent the spread

of vegetation.

Sand dunes and rubble
fields

Although deserts are often
associated with enormous
sand dunes, only three
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@ Death Valley has diverse ife despite its hostile
conditions, salinity, and high temperature.

percent of them are sand deserts. The larg-
est sand desert is the Rub Al-Khali, with
dunes that cover the southern third of the
Arabian Peninsula. Deserts consisting of
rocky rubble fields or severely weathered
mountainous regions are much more com-
mon. Gravel deserts may be formed by
erosion or could be relics of glacial depos-
its. Salt deserts, such as the Salar de Uyuni
in Bolivia or the salt flats in Utah, develop
from the evaporation of salt lakes.

@ The highest sand dunes in the world. reaching 1,250 feet (383 m)

high, are found in the Namib, Namibia.




ecosystems

& surviving drought conditions

Deserts may be barren, but they are nonetheless home to many plants and
animals—both during the long droughts, and when there is a short-lived sea
of flowers after a rare rainfall.

Numerous desert inhabitants have In the Australian eucalyptus, the glaring
developed amazing survival strategies in sun light is reflected by a wax layer, or in
such dry, inhospitable environments. Many  tamarisks and some palm trees, by salt
trees and bushes produce long roots in excretions. In order to utilize the precious
order to reach the groundwater available liquid wisely, some succulents have devel-

at great depth. In order to minimize evapo- oped large-cell storage tissue in their O e, 6 Gl G s o O 6 LGt

ration, plants breathe at night. They have leaves, such as living rocks (Aizoaceae); in years. They are found in the Namib Desert

a reduced leaf surface area, carry thorns stalks, such as saguaros; or in stems, such

instead of leaves, or exist merely as a stem,  as aloe trees. Some plants bridge extreme DESERTIFICATION

like cacti or some members of the spurge drought periods, by resting in the ground

family (Euphorbiaceae). as seeds. When sufficient rainfall returns In regions with a relatively dry climate, intensive hu-

man cultivation can have terrible consequences, reduc-
ing vegetation, draining
water sources, and
causing soil erosion
and salinity. The forma-
tion of deserts threat-
ens the existence of
more than a billion peo-
ple in over a hundred
countries. In Africa, mil-
lions have died in the

they go through their entire life cycle in an
extremely short period of time.

Desert animals
Desert fauna also
displays conspicuous

adaption to extreme environ-
mental conditions. For exam-

ple, the ability to move rapidly %‘J
and long legs aid in protecting < TS CEE 107 i
them againstheat reflecting < @ InAfrica, 46% of the land is  S€Vere desertification
£ suffering from desertification. occuring there.
@ Desert animals are primarily nocturnal. During the from the ground below.
day, they move below ground for protection. Often they also have a reduced water
metabolism. Ants and rodents get their artificial lakes or reservoirs or a remote river.
moisture from seeds. They in turn become The area around an oasis is usually densely
a source of food and water for lizards, populated and intensively cultivated. The
snakes, and jackals. Other animals obtain tree most characteristic of oases is the date
water directly, such as the dew-drinking palm, which originally came from North
black beetle from the Namib, Africa and India.

or antelope herds, which
undertake long migrations
to water holes.

Fertile islands

The most active life in the
desert is found in the oases.
These fertile islands are
located where water comes
to the Earth's surface. Many
oases develop around arte-
sian wells, where water rises

to the surface under its own
pressure. Some of these
wells are fed from ground-

- R ___}_q__;;f_.i:___:;q_.
radiiiinneaeasass

@ An oasis in the Sahara is a vital source of water for migratory and

@ Cactus plants store water in their stalks or stems to
withstand long periods of drought. water, others with water from  nearby animals

O see also: The evolution of new species. p. 167
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types of forests

Forests cover about one-third of the Earth’s land area. Acting as a sort of
green lung, they produce oxygen and store large amounts of atmospheric
carbon dioxide, so counteracting global warming.

Three prominent types of forest make up

the green belt of our Earth. The central

green zone along the Equator is formed by

tropical rain forests, including the adjacent

FOLIAGE LEAVES adjust their position relative to the sun
for maximum photosynthesis. Shorter days and declining
temperatures initiate leaf shedding in autumn. Nutrient

matenal previously embedded in stems serves to initiate
new leaf growth in spring

NEEDLE LEAVES reduce the exposed surface area and
protect against moisture evaporation and snow fracture.
Almost all conifers retain their leaves in winter

basics

ld park: The fall 1s regarded as a time of poetic mefancholy in art and literature

marginal tropic and monsoon forests. Trees,
bushes, ferns, palms, orchids, and herba-
ceous plants grow in several levels over
and on top of each other, as well as side-
by-side. They form the most species-rich
and complex ecosystem on Earth, and are
home to approximately 90 percent of all
animal and plant species.

@ The rain forest in Costa Rica contains evergreen
trees: those that carry leaves through the year.

Rain forests used to cover about 14
percent of the Earth’s land area; now, this
has halved. Toward the North Pole, the
evergreen boreal coniferous forests—the
Russian taiga—are the northernmost trees.
Severe cold and an abundance of snow,
combined with a short summer, mean that
the vegetation period lasts only about 150
days of the year. Only a limited number of
trees can grow in the meager and often
infertile soils, and the undergrowth is also
sparse. Boreal coniferous forests cover
approximately 10 percent of the landmass
of the Earth.

Within the wide band of temperate lati-
tudes there are deciduous and mixed for-
ests. Year-round rainfall facilitates the plant
world, with a growth period of more than
six months. In the cool temperate latitudes,
deciduous forests with many tree varieties,
as well as lush undergrowth, are found.
The leaves they shed in autumn protect
them from being killed off by frost during
winter. Along the subtropical west coasts
of the continents, original hard-leaf forests
protect themselves against evaporation
during hot summers with small, tough
leaves, such as those of the holly leaf oak
in the Mediterranean and the eucalyptus
in Australia. Leatherlike leaves characterize
laurel forests, which are scattered world-
wide in perpetually damp, subtropical
climates. Such moist forests are likely
to be found along east coasts, such
as eastern China, southern Japan,
and Florida.




a forests as habitats and economic areas

Forests provide habitats for myriad animal and plant species and support
the subsistence of millions of people. But they are in great danger. About
half of the original forests worldwide have already been destroyed.

Between the subterranean roots and
high-reaching crowns of the trees, a forest
provides an abundance of ecological
niches. In the treetop levels of the rain
forest, a multitude of birds and small mam-
mals, monkeys, and sloths make their
homes. In temperate forests, tree crowns

and fliers such as butterflies, tree frogs, tree
snakes, parrots, and hummingbirds.

In cooler climates typical forest birds such
as chaffinch, jay, and coal tit, as well as
striped and flying squirrels, are found.
Numerous invertebrate animals, such as
caterpillars, beetle larvae, spiders, and

@ Open forest areas have diverse undergrowth, which supports herbivores and omnivores.

serve many birds of prey, such as hawks,
as well as being a nesting area for wood
warblers such as the willow warbler.
Branched, leafy trees in moist tropical
forests are the home of agile climbers

@ The forest floor is inhabited by many mites, insects, and earthworms. Although
tiny, these creatures are vital to the forest ecosystem.

3 see also: Climate change, pp. 124-127

mites, live underneath the tree bark, attract-
ing insect-eating birds. Owls, wild ducks,
bats, or squirrels occupy natural tree
hollows or those hollowed out by wood-
peckers. Leaves, seeds, and fruits from

trees and bushes
feed many mammals,
including monkeys,
mice, and hedge-
hogs. Seeds and un-
dergrowth provide an
important nutritional
basis for herbivores
and omnivores such
as deer, elephants,
and elk. These in turn
provide food for pred-
ators, such as mar-
tens, bears, jaguars,
lynx, or wolves. Finally,

ecosystems

@ Logged trees are transported down a niver in Karelien, Finland
Logging can contribute to the depletion of rich forest ecosystems.

even a dead tree provides nutrition for
decay-enhancing organisms, such as
insects, fungi, mosses, and microorgan-
isms. They break down plant material, thus
completing the cycle of nature.

People have long used timber as a build-
ing and heating material. Although the neg-
ative effects of overexploitation are widely
known, precious rain forest woods, such
as teak, are still in demand. Forests are
also "farmed"—fast-growing trees, such as
Douglas fir, are planted and later logged.
Plantations promise quick profits, but due
to their lack of a natural ecosystem, they
are susceptible to massive infestations with
so-called forest pests such as bark beetles.

THE RAIN FOREST LABORATORY
STORE

Rain forests are gigantic reservoirs of natural medi-
cines and other bioactive substances. For example, the
bark of the cinchona
tree from South Amer-
ica provided the effec-
tive malaria medication
quinine for many years.
Secretions from an Aus-
tralian tree frog have
yielded a new antibiotic
that is effective even
against resistant germs.
So far only a fraction of
this magnificent drug-
store of nature has
been explored.

@ Unsustainable logging
could prevent new medicines
from being discovered.

in focus
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saltwater wetlands

The term wetland is used to describe a range of habitats that
are entirely submerged or partially permeated by water. There
are freshwater and saltwater wetlands. In all of these habitats,
the site where the water meets the land is always shifting.

Saltwater wetlands are located at the
frontier between ocean and mainland. At
these locations, saltwater from the ocean
mixes with freshwater from rivers. This
mixture creates a particular challenge for
the plant and animal worlds, which are
normally adapted to either one habitat or
the other. While the number of species in
general is usually low, the number of indi-

viduals of a particular species can be very

TN T

high. On many flat coastal
areas where rivers empty
into the ocean, embank-
ments are formed by
oceanic currents and tides,
as well as the sediment
carried by the rivers. At the
mouth of the Rhéne in
France, for instance, lies a motley mosaic
of habitats, such as brackish water lakes,

o

@ Camargue horses run through the salty marshes of the Camargue area in southern France. This ancient, free-
ranging, and hardy breed manages to thrive in the hostile habitat at the mouth of the Rhone River.

THE EVERGLADES

This unique subtropical wilderness, which the Native Americans of the
region called “grassy water,” extends across the southern tip of Florida.
What looks like a large group of lakes is actually a river fed by Lake
Okeechobee, which is
50 miles wide, but only
a few inches deep. Cer-
tain parts of this mosaic

moist swamps, riparian
forests, beaches, sand
dunes, and salt marshes.
Coastal areas with strong
tides feature a transitional
zone between the mainland

The ocean washes over this

of swamp grass, marsh-

lands, cypress forest,
and mangrove swamps
are under protection. It
1s home to the Missis-
sippi alligator and the
Florida manatee.

@ The Everglades are a
haven for at least 15
endangered species

area at high tide and it dries
up again at low tide. Only
rarely does the water reach
the salt marshes at higher
elevations where glasswort
or cordgrass grow. True
intertidal mudflats can only
be found on the northwest
coast of Europe and on the

@ The tideland leading to Neuwerk Island in the Hamburg Wadden Sea
National Park in Germany. The sea covers and exposes the sand daily.

and the ocean: the tidal flats.

west coast of South Korea. However, simi-
lar conditions also exist on the east coast
of North America. This unique ecosystem
forms a habitat for worms, mussels, and
snails. It is also a paradise for millions of
migratory birds.

Mangrove swamps

Mangrove swamps are located in the tidal
regions on tropical coasts and at the edges
of broad estuaries. Various mangrove tree
and shrub species are the only woody
plants that have a tolerance for salt. At high
tide, often only the tree crowns can be
seen above the waterline; at low tide an
entanglement of roots appears, providing

a habitat for mudskippers and fiddler crabs.
Mangrove stocks worldwide are extremely
endangered. In eastern Africa, they are
used for firewood. When mangroves are
removed, the protection they provide
against unusually high tides is also lost.

@ Some mangrove trees have roots adapted to better
bear water flowing in and out, while others breathe air.




& freshwater wetlands

Wetlands can be found in many different climates. They make up about 6
percent of land areas and provide habitats for numerous animal and plant
species. However, they are under increasing threat of destruction.

Freshwater wetlands form an interwoven giant floodplain at the upper Rio, Paraguay,
network of lakes, streams, and rivers. They 1s the home of the rare hyacinth macaw
make a substantial contribution to ground- and the jaguar, and a refuge for the threat-

ened giant river otter and the
capybara. The Okavango
Delta on the northern edge
of the Kalahari Desert is the
world's largest inland delta.
This delta attracts migratory
birds and animals such as
elephants, rhinoceroses,
giraffes, zebras, antelopes,
lions, hyenas, and leopards.

Moors

@ In the arid center of southern Africa, the Okavango River flows into a Low moors usually develop
maze of lagoons, swamps, and savanna. through R (s 6T
water replenishment and they influence nutrient-rich waters into land. The existence
the regional climate by creating humidity of these moors is not dependent on

during drought conditions.

Riverine meadowland and fresh-
water deltas

The largest continuous wetlands
on the mainland are the river
meadows with their amphibious
landscapes. A diverse ecosys-
tem develops, with calm dead
water arms and moving water
surfaces, dry gravel and rubble
areas, extensive reed fields, and
impenetrable floodplain forests.
These ecosystems are the
habitat for rare animal and

plant species. Many of these
species are endangered
because rivers have been
straightened, dammed,

or forced into concrete
streambeds, and the fertile
floodplains are being uti-

lized for agricultural purposes

or as grazing land. Along some
of larger rivers, such as the Ohio,
Huang, He, or Danube, only relics of
the former river meadows remain. The

Q see also: Phosphorus cycle and water cycle, p. 279

ecosystems

@ Reeds are a characteristic plant of low moors.

precipitation since there is a connection
to groundwater. They can be recognized
by the presence of plants such as reeds,
willows, alders, and sedge. In contrast high
moors are nutrient-deficient areas that
rely on precipitation. The low pH and
oxygen deficiency prevent the
breakdown of dead plant matter
and promote the formation of
peat. Plants adapted to these
conditions include cotton grass,
heather, sphagnum moss,
and the flesh-eating sundew.
Animals include dragonflies,
butterflies, and several rare
bird species, such as snipe
and black grouse.

RAMSAR CONVENTION In 1971, delegates from 18 na-
tions signed the Convention on Wetlands of International
Importance in Ramsar, Iran. This makes it one of the old-
est international agreements for environmental protec-
tion. Since the enactment of this convention in 1975,
1670 protected areas with more than 932,056 miles?
(1.5 million km?) have been identified in 155 countries.

@ Pantanal in Brazil is the world's larg-
est area of wetlands. It houses a vast
array of aquatic plants.
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central Asia or strong American buffalo or
bison. Wild horses, such as the Eurasian
tarpan, used to be common but are now
largely extinct. Burrowing rodents are also

temperate grassland: steppe and prairie

Vast areas of grassland cover much of the Earth’s landmass. In tropical
grassland or savanna areas, trees may be found frequently, whereas tem-

perate or semitropical grassland areas have very little tree growth. typical inhabitants of the temperate grass-

lands. Their extensive tunnel systems

The term steppe, which originates from
the Russian language, describes the vast
plains of grassland at the center of the
Eurasian continent, from eastern Europe
to northern China. In North America, grass-

precipitation allow for only very short
growth periods of the vegetation. Today
almost all steppes are cultivated and only
a few are designated protected areas.
Most areas are used to grow grain or

ensure mixing and aeration of the soil. The
Eurasian counterpart to the North American
prairie dog is the bobak marmot or steppe
marmot. Several species of guinea pigs are
native to the South

SALT STEPPES
are found near
salt lakes. |

DESERT STEPPES
are a zone of transi-
tion between grass-
lands and deserts.

sunflowers. Some parts are also used
as pasture for livestock.

American grass-
lands. These
rodents are the
preferred food of
many carnivores in

lands are called prairies. They are located
in the Midwest of the United States and
Canada. The life cycle of a steppe is influ-
Plants and animals

The typical plants of a steppe are grasses
with a finely interwoven root system, which
creates a thick greensward. The grass buds
remain below the surface, where they are
protected from cold and dry conditions, fre-
quently recurring fires, and grazing animals.
Other plants only grow if there is sufficient

enced by seasons of weather extremes.
Hot summers, cold winters, and limited
the grasslands,
such as coyotes in
North America or

CULTIVATED
STEPPES emerge
the long-legged where trees have
maned wolf of been felled for
agriculture.

South America. 1|

basics

water. The steppe becomes
a colorful sea of flowers dur-
ing the short blossoming
time available to iris, hya-
cinths, crocuses, and tulips.
Temperate grasslands are
an important resource for
herbivores. Mammals living
in this type of habitat tend to
feed in herds, such as the

fast Saiga antelopes in

@ Western Tibet receives very little rain, due to the “rain shadow" effect,
whereby precipitation is deposited on the southern side of the Himalaya.

@ ! suthicent water is available, some herbs, perennials, and bulbous

plants may also ¢row on the steppe or prairie.
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m tropical grassland: savanna

Savanna grasslands are located between the humid tropical regions and
dry deserts. Vast areas of this type of grassland are covered by only the
occasional tree, cluster of trees, or scattered small woods.

Savannas are common in Africa, but are
also found in India, Australia, and the north-
ern parts of South America, such as the
Llanos of Venezuela and Colombia. They

are located in the subhumid outer tropical

@ The umbrella thorn, with its distinctive crown and feather-like leaves,
1S able to reach even low groundwater with its deep root system

areas with warm air temperatures through-
out the year, wet summers, and dry winters.
As the distance from the Equator to the
tropics grows, the number of dry months
increases from less than four to about ten

@ Wildebeest migrate from the plains to the woods in
May and return in November when the rains arrive

months and the amount of average
precipitation decreases three- to sixfold

Savanna grasslands have different
appearances according to the local climatic
conditions. Savannas may be humid or
semihumid, with grasses
taller than humans and scat-
tered trees, or dry savannas,
with low and mostly drought
resistant grasses.

Savanna trees and shrubs
show obvious signs of adap-
tation to the extended
drought season. For exam-
ple, the baobab tree is able
to store large amounts of
water in its trunk. Riparian
forests along rivers are also
part of many savannas.

The African hippopotamus
commonly lives in this
habitat. The African savannas are home to
many large terrestrial mammals, including
herbivores such as elephants, giraffes, ze-
bras, and antelope. The East African ostrich
is a bird of the savanna. The equivalent bird
is called the common rhea or nandu in
South America and the emu in Australia.

SERENGETI SHALL NOT DIE

ecosystems

*ﬁ -

@ Common carnivornes in the African savanna are
lions, hyenas, and cheetahs.

Kangaroos are the largest animals of

the Australian plains. Only a small number
of the world's natural grassland areas re-
main untouched by humans. For thousands
of years nomads have taken their herds of
cattle, sheep, and goats into the savannas
in Asia and Africa to graze and have also
hunted there.

Today Africa is at risk from the desertifi-
cation of major parts of dry savanna grass-
lands adjacent to the Sahara, due to over-
grazing and severe droughts. Savannas are
also threatened by increasing woody plant
encroachment due to climate change.

The “endless plain” in East Africa is at the core of the African savanna. The ecosystem de-
pends on the herds of wildebeest or gnu passing through the grasslands every year during
the dry season in search for water. The scientists Bernhard and Michae! Grzimek were the

in focus

first to make an effort in
protecting the wild ani-
mals of the Serengeti.
Their 1959 documentary
Serengeti Shall Not Die
(Die Serengeti darf nicht
sterben) contributed
greatly to increasing
global awareness of the
Serengeti animal park
and its vulnerability to
human impact.

@ Serengeti is home to the
world's largest animal herds
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weathering

Degradation due to weathering is part of the natural cycle of rocks and a
fundamental prerequisite for soil formation. Even the most massive moun-
tains cannot withstand this unremitting force for long.

As soon as rocks reach the surface of they cool during the night. This constant
the Earth they are exposed to physical fluctuation loosens the rock structure, and
i chemial processes, which change over time rock fragments chip off. Large
ind ultimately destroy them. The effects boulders may split open along internal
f weathering on rocks depend on the fracture lines; small stones disintegrate
into grit. 24
weathering | erosion | deposition | movements Changes in temperature @ Limestone is particularly prone to chemical weath-

. ering by carbonic acid in water.
together with moisture lead

C H A N G I N G E A R T H to “frost weathering,” espe- (decomposition). Rocks are gradually
cially in high mountainous corroded by water and the dissolved salts,

. . . areas and near polar regions.  acids, and gases it contains.

Craggy mountains, rounded hills, wide plateaus, and carg eglons cids, anag I

endless coasts—the landscapes of the Earth are almost as

varied as the outside forces that have shaped them. The

current form of the Earth is only a moment in its geologi-

Water, when it freezes, in- If organisms, especially microorganisms,
creases in volume by about are involved in rock disintegration—through
one-tenth. Thus, the ice that chemical or mechanical means—it is called

cal history. Weathering, erosion, and precipitation are forms in the crevices of the biological weathering. Acids excreted by
constantly changing the appearance of our world. rocks have the potential lichens, for instance, attack the crystal
to crack them open. In matrix of minerals and thus destroy the
arid regions, salt takes the structure of rocks. The process is rather
climate and the type of rock. Pressure and role of ice. When saline water evaporates, less delicate when boring clams, sponges,
temperature variations play a large role in the salt crystallizes outward, leading to or worms penetrate rocks along rocky
physical weathering by causing mechani- a volume increase that cracks the rocks. shores, or when the roots of plants force
cal destruction of rocks. Stones and rocks In contrast to mechanical weathering, their way up into rock formations, effectively
expand during the day under the influence rocks are totally disintegrated during cracking open the rocks with their growth
of solar radiation, then contract again as the process of chemical weathering (known as root fracture).

LIMESTONE CAVES

Limestone and dolomite are rarely corroded by pure
water; however, water with carbon dioxide (COi) dis-
solved in it will produce carbonic acid. This reacts with
the calcium carbonate in limestone and dissolves it.
Such carbonic acid weathering, especially in calcare-
ous regions, leads to the formation of rugged rocks,
sinkholes, caves, and subterranean watercourses. This
Is known as karst landscape, a name derived from the
limestone plateau east of the Gulf of Trieste

In focus

tallized limestone in Harrison's Cave in Barha 0
a ystallized estone 1n harrison's Cave, in Barbados

@ Dramatic karst landscapes are created by the dissolving of solid rock over millions of years.




@ erosion

Once rocks reach the surface of the Earth they begin to disintegrate, and
can be carried away as rubble to be deposited elsewhere. All processes
that contribute to this leveling of the Earth's surface are termed erosion.

Water is a significant erosive power.
When precipitation falls on areas with a
topographical gradient, the water will
nitially accumulate in small rivulets along
the surface. In this process, the first soil
and rock particles are pulled along and
water-soluble components are leached

Oceans also have enormous erosive
powers. The movement of the surf and
tides causes continuous change to our
shorelines. These are barely perceptible
over small time scales, but eventually cliffs
are hollowed out and beaches can be
washed away. Sporadically, storm waves
crash like battering rams
against coastlines and can
alter their appearance even
within a short time.

Wind erasian

Wherever a protective vege-
tation cover is absent, the
wind picks up humus, sand,
and dust particles and car-
ries them away. In this way
fertile soil is lost, especially
in arid regions and during
drought periods when there
is insufficient moisture to

@ In the natural amphitheater of Bryce Canyon in Utah, wind, water, and

ice erosion formed distinctive geological structures called hoodoos.

out. This material by itself already has
a substantial erosive force.

On its way downriver (downbhill) it grinds
away over time at massive rocky areas and
digs deep furrows. The concurrent deepen-

ing of the riverbed

hold soil particles together.
Similarly, surf zones along
ocean shores and dry high-water zones of
rivers are areas commonly impacted by

changing earth

@ Due to regressive erosion caused by water, the
Niagara Falls are displaced upstream at a rate of
about 14.6 inches (37 cm) per year.

wind erosion. In dry regions without
vegetation, wind can cause large sand drift
(deflation), creating shallow depressions in
the rock over time. Most sand grains trans-
ported by wind are dragged along close to
the ground, thus causing abrasions on
rocks. This tends to form distinctive
wind-worn stones (ventifacts). The rocks
take on bizarre, mushroom-like shapes,
with narrowly rounded bases and broad
upper regions.

GLACIAL EROSION is referred to as
is the effect of
enormous ice
flows creeping
slowly over the
landscape. On their
way, they transport
rubble in so-called
moraines.

vertical erosion
while the widening
of its riverbanks is
called lateral
erosion. In the
course of thou-
sands of years,
the erosive forces
of water gradually level out landmasses.
Scientists assume that high mountain
ranges lose about 16 feet (five m) in height
within 10,000 years. In uplands (minor
mountain ranges) and lowlands, the
erosion rate is distinctly less due to

the reduced gradient.

basics

@ The White Desert in Egypt is full of white chalk posts called “inselbergs”; these wind-carved eroded remnants
of the Upper Cretaceous era are studied to understand similar formations found on other planets.

——

———
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The surface of the Earth undergoes constant change. In this never-ending
process, forces created by wind, water, or glacial ice erode the land in one
place and deposit it elsewhere due to the pull of gravity.

Rivers transport loose particles and
debris, and new land is created where
these fragments are deposited. At river
bends, material is carried away from so-
called undercut slopes, while sediment
creates sandbanks at slip-off slopes. In
the underflow, coarse material gathers in

the form of stream banks that continue

-
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@ Sandstorms forming in the Sahara and and regions around the Arabian Peninsula can
transport dust to the European and American continent

in focus

LAND RECLAMATION IN THE NETHERLANDS

In the Netherlands, coastal protection has a long tradition, especially
since more than one-fourth of the country lies below sea level. Dikes
were built to separate the coastal shallows from the North Sea. The land
was drained with a system of canals and pumps driven by wind power,

@ The Dutch have reclaimed fertile marshes and
fenlands through the construction of polders.

3 see aiso: Sedimentary rocks, p. 63

creating the productive
polder landscape. One
of the largest projects
was draining the Zuider-
zee. This bay was sepa-
rated from the sea in
1932 by an enclosing
dam and drained to pro-
duce about 637 square
miles (1,650 km?) of dry
land. The remaining ex-
panse of water became
the ljsselmeer.

onward. If the speed of the flow decreases,
erosion is no longer possible and large
fields of rubble build up. Finer material is
often sedimented far from the mouth of
the river. In some cases, sediment creates
flat river deltas.

At the coast, erosion rubble is transpor-
ted either by the surf or waves that contact

the shore at an angle. The
material deposits subse-
quently cause the shoreline
to shift. If this debris aggrega-
tes in the ocean, it becomes
a spit, which is a narrow
ridge of sand. As the spit
extends, it can develop into
a bar. A bay that is cut off
by this formation can
become a backwater or
lagoon; however, sand
dunes are the most typical
deposition landform in flat
coastal areas.

The wind collects fine
material from dry areas,
transports it—sometimes
across long stretches—and
deposits it. Dust from the
Sahara can reach central
Europe in this way, and
occasionally even the Brazil-
ian rain forest. For most
grains of sand, however, the
trip ends much sooner. As
soon as they encounter
small obstacles, such as
tufts of grass, they are de-
posited and become dunes.
The wind also transports fine
dust. Loess, a relic of the ice
age found in central Europe
and North America, is often
deposited in vast layers. In
China, loess drifts coming
from dry, high-altitude areas
still occur today.

0 h

@ A glacier tongue of Jostedalsbreen in Norway—the
largest glacier in continental Europe.

@ Griswold Point is a sand spit located at the mouth
of the Connecticut River. lts moving sand dunes are
an impressive example of coastal dynamics.

Most of the material moved by glaciers
is deposited gradually as the glacier melts.
The characteristic rubble formations formed
by the melting glacier are referred to as
medial, lateral, internal, or ground moraines
depending on where the material was
located within or along the surface of the
glacier. Deposits at the glacier tongue are
known as end moraines.
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# mass movements

Avalanches, earthflows, and rockfalls: all over the Earth where the angle of
the natural ground slope is exceeded, gravity makes itself felt and starts to
flatten, carry away, and level the landscape.

Massive ground movements belong to Mass movements are enhanced by the
the processes of large-scale erosion or participation of water. Enormous mud and
denudation. This term incorporates all rubble slides occur in mountainous regions
movement initiated by gravity, of rocks, without adequate vegetation cover, espe-

cially after severe precipita-

T 117l el s @ Following rockslides, roads can often become impassable due to
mudflows can reach speeds undercutting of large taluses blocking the traffic

of several miles per hour and

leave a wide strip of destruc- HUMAN INTERFERENCE is partially to blame for the fact

tion along mountain slopes. that natural events such as rockslides and mudfiows
In 1970, an earthquake in the increasingly turn into catastrophes. Mountain regions
Peruvian Andes triggered a ("’_) are being developed for tourism at ever-higher altitudes.

people under masses of

! @ Landslides caused by earthquakes or storms can destabilize hillsides  rybble, ice, and mud. The

by moving large masses of mud and debris ) . .
devastating mud avalanches  permafrost regions, ground movement is

soll, and sediments along the Earth’s sur- along volcanic cinder cones are referred to referred to as solifluction. This occurs when
face. Apart from the gradient of a slope, as lahars. Snow avalanches also present the onset of thawing weather conditions,
the type of material involved and its water potential dangers. They principally develop brought about by the warming spring sun,

ontent are also of significance. with the sudden onset of thawing after a causes the upper layers of the ground to

»
@ To avoid uncontrollable avalanche
catastrophes, snowslides can be artifi-
cially triggered through detonation
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WATER

The name of our planet may not be the most appropri-
ate since only 29 percent of the Earth’s surface consists
of land, while 71 percent is covered by water. Composed
of two hydrogen atoms and one oxygen atom, water is
one of the most important resources on Earth and is
essential for living organisms. Ocean saltwater accounts
for about 97 percent of the estimated total water quan-
tity of 34 million cubic miles (1.45 billion km?3). The
oceans are the origin of all life as well as the largest bio-
sphere on Earth. Most freshwater—the only kind of water
that is drinkable—is trapped inside polar ice caps and
high mountain glaciers, while some freshwater collects
in standing or running water bodies. Water is continu-
ously in motion and it circulates the planet in the form

of enormous ocean currents.

TR T
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2 the world’s oceans

Globally there are 332 million cubic miles (1.384 billion km?) of water
reserves, of which 97 percent makes up the world’s oceans. Water
is distributed more heavily toward the Earth’s Southern Hemisphere.

The interconnected world's oceans are
the Atlantic Ocean, the Indian Ocean, and
the Pacific Ocean. The oceans of the

Northern Hemisphere are divided by conti-

nents and offshore islands. The Southern

world's oceans | physical characteristics

OCEANS

More than two-thirds of the Earth’s surface is covered
in water. The ocean is the largest and oldest habitat
on our planet and plays a central role in shaping the
climate. It provides energy, natural resources, and one
of the major food sources for humans. Nevertheless,
large parts of the oceans still remain undiscovered.

Hemisphere lacks such natural barriers. In

order to geographically structure the ocean

of the Southern Hemisphere, meridians
running through the southern tips of the

Q see also: Primeval continents, p. 67

three large landmasses were defined as
boundaries. Hence, the meridian running
through Cape Agulhas at 20° east longi-
tude separates the Atlantic Ocean from the
Indian Ocean. The meridian running
through the South East Cape
of Tasmania at 147° eastern

longitude is the boundary
between the Indian Ocean
and the Pacific Ocean. The
southern boundary between
’ the Pacific and the Atlantic
Oceans passes through
Cape Horn at 68° west lon-
gitude to the Bering Strait,
which defines the northern
boundary. Bering Strait is the

|

channel between the Rus-
sian Cape Dezhnev, the easternmost point
of the Asian continent, and Cape Prince of
Wales, Alaska, which is the westernmost
point of North America.

The Pacific Ocean is not
only the oldest, but also
the largest of the three
main oceans and the one
with the most islands. Its
average depth is 12,926 feet
(3,940 m). The greatest
depth recorded to date
is in the Mariana Trench
at 36,200 feet (11,034 m)
deep, whereas the deepest
point recorded in the Atlantic
Ocean is the Milwaukee
Deep in the Puerto Rico
Trench at 30,246 feet
(9,219 m).

With 29 million square
miles (75 million km?), the
Indian Ocean is the smallest
of the three major oceans.
The Sunda Trench is the
deepest point of the Indian
Ocean, and reaches 24,458
feet (7,455 m).

@ Oceans cover about 60 percent of the Northern
Hemisphere, while in the Southern Hemisphere they
make up more than 80 percent of the Earth's surface.

Adjacent and semienclosed seas
Several adjacent seas are separate from
the oceans and are
located adjacent to
land, hence their

SHELF SEAS The
continents are sur-
rounded by a zone
of shallow waters.
These vast areas |
rarely reach a

depth greater than
656 feet (200 m)
and are known as
shelf seas. The
name refers to the '
continental shelves,
which are those
parts of the conti-
nental plates cov-
ered by ocean

water. Continental
shelves vary in size
from a few miles to
more than 620 miles
(1,000 km)—for
example, in the
Bering Sea.

name. Examples
include the North
Sea, the Bering
Sea, the Gulf of
Saint Lawrence,
the Irish Sea, the
Gulf of California,
the Sea of Japan,
and the East China
Sea. The so-called
semienclosed
seas are in fact
almost entirely
enclosed by land-
masses, leaving
only a narrow con-
nection with the
oceans. The Euro-
pean Mediterra-
nean, the American Mediterranean Sea,
the Baltic Sea, Hudson Bay, the Red Sea,
and the Persian Gulf are all semiencicsed
seas. The Arctic Ocean is an adjacent

sea of the Atlantic Ocean. The ocean
surrounding the continent Antarctica is
called the Southern Ocean, or the Antarc-
tic Ocean. From the Antarctic, it expands to
55° south latitude.

basics




s physical characteristics

Seawater may appear to the naked eye as if it were a uniform substance.
However, oceans are complex environments with varying salt and nutrient

contents, as well as different pressures, temperatures, and light conditions.

Different substances are continuously
washed into the oceans from rivers, melt-
ing snow, precipitation, and wind. Almost
all chemical elements can be found in

salinity of four percent. The polar oceans
have a shightly lower salinity of 3.1 to 3.5

percent, which is due to precipitation and

melting ice. The salt content of the deep

@ The giant Pacific octopus lives in the deep ocean, which has low temperatures, igh pressure, and no light

seawater. Most of the dissolved sub-
stances are salts, mainly sodium chloride,
which is more commonly known as table
salt. Due to freshwater from rivers flowing
into the ocean, estuaries contain fewer
salts than offshore areas.

Ocean salt

The average salt content, or salinity, of

the world's oceans is 3.5 percent, which is
0.6 ounce of salt per pint of water. When
seawater evaporates, the salts dissolved
into the water will remain in the ocean.
The hotter and dryer the climate is, the
greater the rate of evaporation and the
greater the salinity of the water. This is
especially the case in adjacent seas, which
are less mixed due to their limited contact
with the ocean. The Persian Gulf has a

sea, at a depth of more than 3,280 feet
(1,000 m), is overall consistently between
3.45 and 3.5 percent.

oceans

Temperature, light, and pressure

Surface temperatures range between

28.4°F (-2°C) in the polar oceans and 86°f

(30°C) in the tropics. Adjacent seas and

coastal areas may reach temperatures of up

to 104°F (40°C). Regional and seasonal
variations only affect the
temperature in the water's
upper layers. The tempera-
ture in the tropics and tem-
perate regions begins to
rapidly decrease at a depth
of around 656 to 3,280 feet
(200 to 1,000 m). This layer
of water is called a thermo-
cline. From 3,280 feet

(1,000 m) down into the
deep sea, temperatures are
constant, between 32°F
(0°C) and 41°F (5°C). The
lower limit of the light zone is
at a depth of between 328
and 656 feet (100 and 200

MARINE ANIMALS
AT RISK Several
marine animals—
including sharks,
whales, and dol-
phins—rely on sound
for orientation, as
visibility is limited.
However, they are
severely affected by
noise from engines,
sonar, and military
and industrial activi-
ties. These animals
lose their orientation
and risk getting too
close to shore where
they can get
stranded and die.

m) depending on water con-

ditions; in cloudy, coastal areas, light may
only reach a depth of 33 feet (10 m). In the
open sea, sunlight may reach a depth of up
to 3.280 feet (1,000 m). Due to the increase
in pressure by 1.45 pounds per square inch
(10 kPa) per foot depth, there is a pressure
of about 1.450 psi (10,000 kPa) in the open
sea. The speed of sound in water is 4,921
feet per second (1,500 m/sec) depending
on pressure, temperature, and salt content.
Therefore, sound travels at four times the
speed it travels through air.

. DESALINATION

practice

The process of desalination to purify water
has been copied from nature: drinking water
is produced in desalination factories where
salt is extracted from the seawater. Various
processes are used to simulate natural sepa-
ration methods. However, seawater desalina-
tion i1s much more expensive than accessing
conventional sources of freshwater. This is
mainly due to the high levels of energy used
during salt extraction. Therefore desalination
factories are only used where freshwater
supplies are insufficient.

@ Salt piled into distinctive pyramids to encour
age the evaporation of moisture.
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ocean curre nts the Atlantic, the Gulf Stream flows from the
Caribbean across the North Atlantic toward
Ocean currents, dependent upon the winds and varying salt concentrations, Europe. Between Greenland and Norway,
drive huge masses of water over long distances. the Gulf Stream waters are cooled by the
frigid winds from the North Pole, become
Numerous surface and deepwater the Gulf Stream (see in focus), which forms  denser, and sink deeper into the ocean
currents act as giant conveyer belts, in the Caribbean and directs warm water until they reach the bottom. They continue
circulating the water in the world's oceans. across the North Atlantic toward Europe, to flow along the ocean floor toward the
The Earth's ocean waters can complete a creating a relatively mild climate. southern end of the Atlantic. The current is
turnover in a few hundred years, though it
can take up to 2,000 years.
Influence of the winds
Prevailing winds drive the ocean's surface
currents, circulating warm
OCEAN CURRENTS water away from the Equator

are measured in
Sverdrup with th
symbaol Sv, wher
Sv s equivalent

volume flow rate of
10° cubic meters
(over 264 million
gallons) per second

and circulating cold water

e toward the Equator by the
et

: currents created by the cir-
0a

culating trade winds. Coastal
desert areas are the result of
cold ocean currents near the

basics

shore. Because cold ocean
currents resutlt in cold air
masses directly above them, moist air does
not rise, so clouds and rain do not form,
creating a desert environment. Warm
ocean currents also warm the air over the
nearby land. Without the warm ocean cur-
rents, many areas of the Earth would have
significantly lower average temperatures.
One example of this system of currents is

THE GULF STREAM

The Gulf Stream affects more than just water temperature. When
the Gulf Stream flows into the open Atlantic off the coast of North
America it splits into smaller circulating streams of warm water called
eddies. The warm water eddies mix with the colder surrounding water
to produce the lukewarm water found off the coasts of western and
northern Europe. This results in the region's unusually mild climate,
as compared to other countries at similar latitudes, such as

Canada—allowing
ou > e L~ ; palm trees to grow
i g in Ireland, and caus-
D e { ing fjords of the Nor
wegian coast to re-
main free of ice all

in focus

\cve
8 year.

@ Some suggest
that climate change
Africa may interrupt the
Guif Stream. The
consequences for
Europe would be
disastrous

@ Deep ocean currents around the world. A knowledge of currents 1s vital to the shipping industry, as it can help

to save on fuel costs.

Deep water currents then channeled through the Indian Ocean
The ocean is a complex system of warm to the South Pacific, gradually warming
and cold currents, both on the surface and along the way and rising to the surface off
at great depths. While surface currents are the coast of South Africa, where it is picked
driven by winds, deep currents are driven up by a circulating current and routed back
by density and temperature gradients. In to the Caribbean to start its journey again.

@ The Saltstraumen sound in Norway has the strongest tidal current on Earth. Water speeds in the
narrow strait reach up to 20 knots, and maelstroms and whirlpools often form.




» oceans

@ tides, coasts, and waves

The continental coastline of the Earth is about 250,000 miles (440,000 km)
long. But the area of transition between the ocean and land is constantly
changing due to the tides and surge.

Coastal landscapes are shaped over
time by the destructive forces of the seas
that slowly but steadily eat away at rocky

landmasses are sinking over time. The
ocean penetrates valleys creating irregular
coasts, or floods glacial troughs in the

instance of fjord coastlines.
Most coastlines are still very
young due to the sea-level
rise of approximately 51
inches (130 cm) over the
past 18,000 years.

. WAVES

Most waves are created by wind. Waves often travel
across the open sea in the form of small swells until
they break on the shore. Most waves reach a height of
about ten feet (3 m); in exceptional cases, they can be
over 98 feet (30 m) high. Waves are measured from the
top, or crest, of the wave to the base of the trough. The
length is the distance between wave crests.

The power of the moon

The gravitational pull of

the moon together with the
centrifugal force of the Earth
create a tidal bulge on the
ocean surface facing the
moon. The same occurrence
happens on the opposite
side of the Earth, except
that there, the Earth’s
centrifugal force is the

@ Tidal pools are formed as a high tide comes in over a rocky shore.
Water fills depressions, which turn into pools as the tide retreats.

is called the ebb, and the period of rise in
sea level is called a flood. The tides’ ampli-
tudes vary from region to region. For exam-
ple, the narrow bays on the east coast of
Canada act together as a funnel, so that
the tidal range between high and low tides
in the Bay of Fundy is 49 feet (15 m). By
contrast, the tidal range along the North

@ Waves like these are surface waves that occur in the
upper layer of the ocean and are caused by the wind.

in focus
)

only cause of bulging water.
A depression forms
between the two tidal bulges and due

Sea coast only reaches a maximum of

shores. These forces, in combination with 11.5 feet (3.5 m).

weathering and surface-level erosion,
cause shorelines to retreat further inland.
Waves and currents move large amounts

to the Earth’s rotation, the sea levels
rise and fall twice a day as described.
The ocean's retreat to its lowest point

of sand along shallow and sandy shore-
lines, thereby creating sandbanks that
constantly change position. In other areas,
rivers carry sediment from the mainland
into the sea, where it is deposited in sedi-
ment plumes by the mouth of the river.

Coral reefs can also expand from coastal
areas into the ocean and thus transform
the shoreline. The fluctuations of the sea
level, or rather the rise and lowering of
the mainland, are of particular importance.
The so-called isostatic adjustment of areas
that were once covered by large ice sheets
is still occurring.

Due to the persistent rise in the sea
level, beaches and cliffs continue to be
shifted inland while in other regions

@ Humans have always preferred living in coastal areas. About half of the world
population is currently living no further than 60 miles (95 km) away from the ocean.

O see also: The Earth-moon system, p. 40
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@ oceanic crust

Oceanic crust covers two-thirds of the Earth’s surface. Crustal rocks are rel-
atively recent, with none older than 200 million years, and they are constantly
in motion. This movement expands the oceans and shifts entire continents.

The oceanic crust begins beyond the
flooded part of the continental shelf. It
originates at the edges of the large
continental plates in the area of the mid-
oceanic ridges, large mountain systems
that are at a maximum 930 miles (1,500

Oceanic trenches located close to
the continental edges are the counterpart
to the mid-oceanic ridges. In these areas,
old oceanic crust moves under the
continental crust where it is literally
swallowed (subduction). The drag

km) wiae and more than 37,000 miles
(60,000 km) long traversing all the oceans.
The mountain ridges rise up to

almost 10,000 feet (3,000 m)

above the ocean floor and
occasionally reach the
water surface as volcanic
islands. Basaltic lava
from the Earth’'s mantle
constantly rises through
central ridges 12.5 to

30 miles (20 to 50 kmy)
wide. New crust mate-
rial forms from the

lava, and the seafloor
expands several
centimeters a year

due to lateral pressure
and convection

currents of the

Earth’s mantle. This
process is referred to as
seafloor spreading.

FORMATION OF NEW OCEANS

The oceans are continuously changing due to the formation of new oce-
anic crust. The Mediterranean is predicted to shrink, while the Atlantic
is growing. The Red Sea
will become a new
ocean, dividing the Afri-
can continent. The Afar
Depression, also known
as the Afar Triangle, is
where the East African
Rift meets the ridges of
the Red Sea and Gulf of
Aden. It is also where
the African and Arabic
tectonic plates drift
apart at about 0.4 inch
(one cm) per year.

@ The Afar Triangle: The meeting place of three
tectonic plates

O see also: Plate boundaries, p. 65

@ Smoking crater on Surtsey: This young island off the Icelandic coast was formed from 1963

until 1967 by a large volcanic eruption

of the sinking material
causes trenches to develop
on the seafloor. These
trenches are the deepest
places on the Earth's sur-
face. The Mariana trench

in the Pacific Ocean has

a depth of 36,200 feet
(11,034 m) and is the
deepest point on Earth.

Seafloor

Most parts of the ocean floor
are on average 12,234 feet
(3,729 m) below sea level.
They are covered by a

@ Section through the Mariana trench showing how it
was formed by the movement of the Earth's crust.

continuously growing layer of sediment,
usually a few hundred yards thick and tn
some places even several miles. Part of the

sediment comes from the mainland, dis-
tributed by rivers, wind, or glaciers. Sus-
pended sediments and volcanic ash are the
main components of the deep-sea red clay,
which covers more than a quarter of the
seafloor. The majority of ocean deposits,
however, are decomposed sea organisms.
For example, calcareous globigerina ooze
is composed of shells from unicellular
planktic foraminifers, while siliceous diatom
ooze consists of cell walls from dead dia-
toms. Radiolarian ooze is made up of the
skeletons of dead radiolarians.



@ islands and atolls

Earth's largest island is Greenland, with an area of over 830,000 square
miles. The smallest islands are just dots in the ocean. Many islands are part
of a continent; others owe their existence to volcanic eruptions.

Islands are categorized into continental
and oceanic istands. Continental or shelf
islands were once connected to the main-
land. Rising sea levels or subsiding conti-
nents have caused former mainland areas
to become flooded. This explains, for
instance, the island location of Great Britain
or Madagascar. The long and low-humped
islands off the Swedish coastline are peaks
of flooded mainland areas. Dune islands
are formed by wind and oceanic currents.

Oceanic islands have never been part of
other landmasses. They are usually of volca-
nic origin. Where tectonic plates are pulling
apart and then drifting away from each
other, mid-oceanic ridges develop that
sometimes protrude above sea
level as islands, such as
Iceland or the Azores.
Volcanic island
arches, such as
the Aleutians,
are formed
when one
oceanic plate is
pushed underneath
another and then continues to
subside (subduction).

Islands are also formed as a result of
hot spots, where magma rises from the
Earth's lower mantle. When the oceanic
crust breaks apart, the volcanic cone that
has been created is moved and along with

it the island pro-

ARTIFICIAL ISLANDS
Maore and more aver-
crowded areas are
relocating their infra-
structure onto water.
Whether in the form
of an airport in
Osaka, a city section
in Amsterdam or an
exclusive tourist
island in Dubai, the
trend toward artifi-
cial islands seems
unstoppable

basics

truding above sea
level. A new volca-
nic cone is formed
above the station-
ary hot spot, lead-
ing to the birth of a
new island. This
way, long island
chains can de-
velop, with volca-
noes still active at
the geologically

O see also: The climate system, pp. 118-123

oceans

DROWNING ISLANDS

The nse of the sea level due to climate
change endangers the existence of
numerous Pacific islands. Based on
estimates, atolls protruding only a few
feet above sea level, such as Kiribati,
Tuvalu, or the Marshall islands are
threatened with becoming totally sub
merged within the next few decades
Continuous melting of ice masses
would also have fatal consequences
for the Maldives in the Indian Ocean.
Moareover, numerous Caribbean islands
would be affected by the concurrent
occurrence of cyclones.

youngest end of the chain. The Hawaiian
Islands have been formed this way. In
tropical waters, reef-building corals often
build their colonies along rocky island coast-
lines in the surf zone. When the seafloor
subsides due to subduction of the
respective crust plate, the continuously
growing reef moves further away from the
coast. When the subsiding seafloor eventu- [ —
ally submerges the entire island below sea
level, the former reef continues to grow as a
ring-shaped wall and then appears as an
atoll. If the atoll sinks faster than the corals
grow, the coral polyps end up at a depth
where they can no longer survive due to
the lack of sufficient light. The reef dies
and the atoll disappears.

@ A flooded hallig (islet) among the
North Frisian Islands in Germany.

in focus

@ Atolls form in three stages: Corals grow around a volcanic island as a fringe reef, the volcano then subsides
through erosion or subduction while the coral grows upwards. The atoll is then left with its distinctive shape, fully
or partially encircling a lagoon

@ The Rock Islands, a chain of over 70 small islets in the island nation of Palau in Micronesia.
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coral reefs: underwater forests

Rich in life and incredibly diverse, coral reefs are the rain forests of the
oceans. Coral colonies provide shelter for a myriad of fish and invertebrate
species, whose diverse colors speckle the clear tropical water.

33 LN

@ A fringe reef connected to the mountainous island of Rarotonga: Popular with tounists, the island attracts

many visitors for snorkeling and sailing holidays

Tropical coral reefs are mainly formed
by corals of the genus Madrepora. Coral
polyps take calcium and carbon dioxide
from seawater and create a calcium car-
bonate outer skeleton. The skeletons of

GREAT BARRIER REEF

The Great Barrier Reef off the northeastern coast of
Australia is the largest coral reef on Earth, as well as
the largest construction made by living organisms: a
labyrinth of an esti-
mated 2,500 individual
reefs, lagoons, and 600
islands. It is a unique
habitat for over 4,000
species of sea snails,
mollusks, crustaceans,
sponges, sea stars, and
sea urchins, as well as
about 1,400 species of
fish. As a paradise pop-
ular with sailors and div-
ers, a major part of the
reef is now a national
park and UNESCO
World Heritage Site, pro-
tecting it for the future.

dead colonies are reoccupied by new gen-
erations of coral polyps. Together with the
excretions of crust-forming calcareous
algae, these new polyps form the skeleton
of the reef body, which can result in vast
coral reefs. The Great Barrier
Reef off the northeastern
coast of Australia stretches
over 8,500 feet (2,600 m)

of coastline.

Coral polyps share a sym-
biotic existence with the
zooxanthellae algae embed-
ded in their skin. Through
photosynthesis, the algae
turn carbon dioxide and
water into oxygen and sugar
that is used by the polyps,
which in return provide nutri-
tion and protection for the
algae. The carbon dioxide
that is also taken in by the
algae triggers the corals
to produce more calcite.
Certain madrepores occur

outside the tropics up to a depth of about
20,000 feet (over 6,000 m). Instead of tak-
ing advantage of a symbiosis with zoox-
anthellae, these corals get their nutrients
directly from the water around them.

Climate change

RESEARCHERS bhe-
Coral reefs are

lieve that around

found between the
Tropic of Cancer
and the Tropic of

three-quarters of all
reefs have been de-
stroyed or are at risk

of being destroyed
by changing environ-
mental conditions,
tourism, motorboats,
over-fishing, and
sewage dumping.

Capricorn. They
occur in areas
where water tem-
peratures are on
average 74.3°F

(23.5°C) and never B 1
below 68°F (20°C). Reef-building madre-

pores cannot cope with large temperature
fluctuations, nor with water that is too cold

or too warm as it causes them to die or

degenerate. Therefore, the warming of
oceans due to climate change is a serious
threat to tropical coral reefs, resulting in
death or “coral bleaching.” Healthy reefs
act as breakwaters for coastal protection;

if the reefs die, many of the flat islands in
tropical regions will be exposed to flooding. |
The sea level rise due to melting ice caps
will result in the loss of several islands,
whose inhabitants are already noticing the
consequences of frequent flooding.

@ Coral reefs are the habitats of a great variety of tropical species of
sea animals like clown fish, groupers, and blacktip reef sharks.



» deep sea

Today, the deep sea is one of the least researched parts of our planet. Only

during the last few decades have researchers had access to the technical
means to reach the darkness of the deep oceans.

Biologically, the deep sea begins ata
depth of about 650 feet (200 m) where
the water is no longer subject to surface
wind and heat variations and where photo-
synthesis is impossible due to the lack of
sufficient light. The completely dark zone,
however, only begins at a depth of about

much that they are able to survive
without food for long periods of time,

as finding the sparse food that is available
expends a lot of energy. Many predatory
fish of the deep sea are equipped with
enormous mouths and sharp teeth,
allowing them to hold on to prey and

NATURAL RESOURCES OF THE DEEP SEA

While the extraction of mineral ore such as gold, platinum, tin, and titanium in the deep seas
may still be an exceptional endeavor, recent efforts are being put into exploring the poten-
tial of manganese nodules. In the Pacific Ocean, a large enough source of manganese, iron,

in focus

3,280 feet (1,000 m). Humans cannot
survive at such depths as the pressure
is around 100 times that at sea level.
The water temperature at this depth is
constantly below 39.2°F (4°C).

Life in the dark

Organisms living in the deep sea have
adapted to the high pressure by storing
water in their bodies, some consisting
almost entirely of water. Most deep-sea or-
ganisms lack gas bladders. They are coid-
blooded organisms that adjust their body
temperature to their environment, aliowing
them to survive in the cold water while
maintaining a low metabolism. Many
species lower their metabolism so

@ Unique marine communities survive near hydro-
thermal vents even in the deep sea. Because there
are no plants so far from the sunlight, these tiny

crabs and other organisms use chemosynthetic
bacteria as their primary energy source.

copper, nickel, and cobalt ex-
ists to satisfy the demands of
industry for this century. An-
other very promising source of
energy is frozen gas occurring
in the form of methane hydrate;
however, extraction of these en-
ergy sources is not only ex-
tremely challenging, but may
also pose substantial threats to
the global climate.

@ A sea cucumber wanders over

manganese nodules at a depth of
16,404 feet (5,000 m)

overpower it. Some predators hunting in
the residuai light zone of the ocean have
excellent visual capabilities, while others
are able to create their own light (biolumi-
nescence) to attract prey or a mating

oceans

@ The anglerfish, so called because of its distinctive
method of catching prey.

partner. Habitats near underwater hot
springs require very special adaptations
for organisms to survive. Many invertebrate
species have mastered these unique con-
ditions and survive on sulfur bacteria.
Black smokers, a type of hydrothermai
vent, were discovered in 1977 near the
Galapagos Islands by the manned
submersible Alvin.

Trips to the unknown

The first trip into the deep sea was made
by the Americans William Beebe and Otis
Bartin in 1934. They used a diving chamber
called a bathysphere that was lowered to

a depth of about 2,950 feet (900 m).

The American Don Walsh and the Swiss
Jacques Piccard set a world record in 1960
with the Trieste; they managed to reach the
bottom of the Mariana Trench at a depth of
35,813 feet (10,916 m). Nowadays, there
are many unmanned submersibles that
explore the deep sea, forwarding data to
surface research ships.
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catchment areas and stream courses

All types of water courses on Earth serve as natural drainage systems for
surrounding land areas. They absorb excess surface water and transport it
to deeper-lying areas by gravitational force.

The area drained by a river is its catch- reaches. At a length of nearly 4,163 miles
(6,700 km), the Nile River in Africa is the
longest river on Earth. The South American
Amazon River, although slightly shorter

at 3,978 miles (6,400 km), and with its

ment area (basin). It is separated from
the catchment area of another river
system by watersheds, typically mountain
ranges. River density and stream flow are

catchment areas | streams | high and low courses

RIVERS

Rivers are the lifelines of landscapes. Prerequisite for river formation is an excess of
precipitation in relation to evaporation and seepage, as well as a certain topographic
gradient through the area. Although only a small part of the Earth’s entire water vol-
ume circulates via rivers, all water courses—from rapid mountain stream to leisurely
flowing river—contribute significantly to the structure of the Earth’s surface. Addition-
ally, they provide the source for drinking water, transportation routes, and energy.

approximately 15,000 tributaries, carries the
largest amount of freshwater. The Yangtze
River is Asia’s longer river, spreading across
3,915 miles (6,300 km).

A river can spring from a standing body
of water or form from a glacial melt. Most
rivers have their source in mountains,
where cool, oxygenated water emerges
from a spring. Through water influx and pre-

@ The Amazon River Is the targest niver in the world.

cipitation an initial rivulet gradually grows
into a rapid-flowing mountain creek running
straight through a mountain range with a
steep gradient. Along sharply inclined
stretches rapids develop; on rocky banks,
which do not erode readily, water gushes
down as a waterfall. At the edge of a

dependent upon topography, climate, and
vegetation cover. Main rivers that discharge
into a lake or an ocean differ from tributar-
ies that flow into main rivers. In the direc-
tion of its flow, a river is divided into upper
reaches, middle reaches, and lower

PERMANENT (PERENNIAL) RIVERS continuously carry
water at all times.

PERIODIC RIVERS are dependent upon seasonal changes
between rainy and dry seasons.

EPISODIC RIVERS carry water only occasionally, such as
after heavy precipitation.

ALLOCHTHONOUS RIVERS (i.e., not formed locally) origi- 8
nate in humid areas and flow through arid regions, 'g
thereby losing significant amounts of water. 0o

@ A swiftly flowing mountain river: Most rivers have
their sources in high mountain areas.

mountain range, where gradient and
current velocity abruptly decrease, a
mountain creek deposits most of its
carried sediments as a scree slope.
Further downstream a river accumulates
more water from tributaries and then be-
comes a calm yet large flowing stream.
Under normal conditions when a narrow
mountain valley broadens a river becomes
wider and meanders in sweeping bends.
The sediment load of the river is reduced
and dissolved as sediment is carried to the
ocean in larger amounts during periods of
high water flow.




@ high and low courses

Nearly a third of the approximately 24,000 cubic miles (100,000 km?) of
yearly precipitation flows into the oceans via creeks and rivers. During this
process, rivers shape the environment through erosion and sedimentation.

; I'l A \‘:‘ 2
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@ A typical meander in the Saar River in Germany, known locally as the Saarschleife (“bend in the Saar").

The highest flow rate and strongest force
of erosion occurs in the early or youthful
rivers and depends on the water level, the
width of the river, and the structure of the
stream bed. Due to vertical erosion, a
notch-shaped river valley or vale can be
formed. A valley that is carved deeply into
the surrounding area like a gorge but with

steep slopes is called a canyon. The Grand
Canyon in Colorado is the largest canyon
worldwide where sudden drops in the
terrain of the river bed create narrow fast-
flowing streams and roaring waterfalls.

Meanders and the mouth of a river
As soon as the terrain flattens, the flow rate
and force of erosion decreases significantly
and a river is able to bypass larger obsta-
cles. This is called a middle-aged river. As
the current is stronger toward the outside
of a bend, a middle-aged river begins to
undercut the stream bank and widen its
bed, creating an almost ver-
tical bank. Due to the low
flow rate on the inside of a
bend, gravel and sand is
continually deposited here.
This creates a point bar with
a shallow slope. Over time,
meanders are formed.
Named after a river with
many bends in Turkey,
meanders move down-
stream in great curves.

rivers

RIVERS MADE BY HUMANS

One of the most impressive inland waterways s the
Saint Lawrence Seaway, completed during the 1950s
in North America. Sev
eral locks allow for con-
tinuous shipping along
a system 2,500 miles
(4,023 km) long, from
the Great Lakes in the
interior all the way to
the Atlantic Ocean. The
Kiel Canal (in Germany
Nord-Ostsee-Kanal)
was completed in 1895
and is one of the world's
most frequented artifi-
cial waterways.

@ A busy lock on the Panama
Canal in Central America

in focus

of water, a river may occasionally break
through the neck of a loop, leaving behind
an oxbow lake.

Where slow-flowing or older rivers drain
into the ocean, large sediment plumes will
often push into the ocean and form a delta.
Large deltas such as the Nile Delta or the
Mississippi Delta can only be generated
near calm and shallow seas. Rivers drain-
ing into the sea at a coast with a large tidal
range form estuaries, allowing tidal waves
to reach far into the interior of the land.

High water

When heavy rain falls or rapidly melting
snow surpass the capacity of a river, the
river overflows and lower parts of the river
valley get flooded. Human intervention has
increased the risk of flooding through the
destruction of vegetation, clear-cutting of
forests, and the over-regulation and
straightening of river courses.

@ The Okavango Delta has no access to the sea; instead it irrigates the

@ Fast moving water or rapids on the Congo River. desert, providing a vital water source to this and area.

When there is a large flow

@O see also: Global warming, p. 126
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@ origins

Lakes cover barely 2 percent of the Earth’s land surface. They vary greatly
in size and distribution. Together, they store a quarter of all the freshwater

on Earth.

A lake can be formed nearly anywhere
on Earth, provided there is an adequate
surface hollow and sufficient water. Some
lakes are also referred to as a sea, such
as the Caspian Sea and the Dead Sea;

origins | circulation

LAKES

Lakes are not simply inland water-filled depressions. They
are complex ecosystems with different origins, as varied
as the forces of nature. Although the water they contain
covers only a small portion of the landmass, lakes can be
of great importance to the local environment and climate.

however, neither of these is as old or as
deep as Lake Baikal. The largest continu-
ous freshwater area on Earth is made up
by the Great Lakes in North America.

@ Crater lakes form in the calderas of extinct volcanoes. Incoming
precipitation must exceed evaporation.

@ Lake Baikal in Siberia
1s the deepest on Earth.
Known as the “blue eye
of Sibera,” it has the
greatest freshwéter
volume of any lake
in the world

0 see also: Water at risk, p. 131

Young and old lakes

Most of the recently formed lakes are
remnants from the last ice age, when
mighty ice shields and glaciers covered
vast parts of the Northern Hemisphere.

As the ice masses withdrew,
they left valleys, hollows, and
depressions behind, where
meltwater accumulated. In
lowlands, debris blocked off
the water and formed giant
lake areas.

Lakes of older origin were
formed by tectonic changes
along the Earth's crust, when
deep depressions, cracks,
and rift valteys filled up with
water. Examples are the
Tanganyika and Malawi Lakes in the East
African Rift Valley, the Dead Sea, and Lake
Baikal. Other lakes are formed by water
accumulating in craters of extinct volca-
noes. Cave collapses in
karst regions can give rise
to doline (sinkhole) lakes.

Habitats

Lakes can be divided up
into various habitats. The
littoral zone is the sunlight
flooded shore region, the
profundal zone receives

ARTIFICIAL LAKES

Some artificial lakes are the result of
the removal of raw matenals such
as gravel or sand. Reservoirs exist
primarily along the upper reaches of
rivers. They are used for drinking and
commercial water storage, flood miti-
gation, and hydropower. The largest
reservoir on Earth is Volta Lake in
Ghana. One of the largest storage dams
is the Three Gorges Dam in China.

@ Lake Kariba in Africa holds more than
6.3 billion cubic feet of water

limited light, the pelagial zone is the open
water area, and the benthos is the bottom
of the lake. Due to the relationship between
water temperature and density, lakes form
layers called thermoclines. There is a con-
stant temperature of 39°F (4°C) in the
lower region (hypolimnion) of a lake, as this
is the temperature at which water is dens-
est. The surface water (epilimnion) has a
larger temperature spectrum, and it can
even freeze over in winter. Life continues
under the ice until the spring weather
warms up the surface once again.




lakes

Geologically speaking, most lakes are both young and short-lived. Human
activity also contributes to the fact that the sensitive ecological balance of
many lakes is severely threatened.

. acirculation
|
|

A lake i1s a water-filled hollow, which is Transformation characteristics
l enclosed by land and does not have a In geological terms, lakes have only a short
| direct connection to the sea. The water life expectancy, because they become
l may originate from precipitation, or terrestrialized due to a buildup of river y
aboveground or subterranean inflow; it is sediments and plant matter. The biological @ Algae buildup can suffocate and kill a lake.

lost again through evapora-

tion. Spring lakes are those
with no surface inflow; flow-
through lakes have both in-
and outflow; in blind lakes,
above-surface in- and out-
flow is absent; and terminal
lakes lack an outflow. A dis-
tinction can also be made
between permanent or
perennial lakes, which have
sufficient inflow throughout
the entire year; periodic
| lakes, which carry water only
during the rainy season; and
episodic lakes, which retain
water only after periods of
| heavy precipitation.
| Large lakes can influence
, the local climate, as their
ability to store heat tends to

@ The Great Lakes between the U.S. and Canada contain roughly 22 percent of the world's fresh surface water.

buffer climatic extremes. They store water aging process is influenced decisively by At the other end of the scale, it takes
during periods of precipitation, and humid- eutrophication. The lake is gradually en- 700 years for the water in Lake Tahoe (in
ify their surroundings in the dry season. riched with nutrients from the atmosphere California) to be exchanged.

I and inflowing water. This

results in increased growth SALT LAKES

of phytoplankton and in an

Most salt lakes were originally freshwater lakes. If in-
flow does not equal evaporation over an extended pe-
riod, the concentration of salts and minerals in a lake
increases steadily. In an extreme case, the salt content
breakdown of dead organic can exceed that of natural seawater and then salt pre-
material in the lower region cipitates in a crystalline

(hypolimnion) of the lake, crust. These types: of
lakes are found princi-

pally in dry regions.
Some of the best known
are the Salar de Uyuni
in Bolivia, the Great
Salt Lake in Utah, Lake
Eyre in Australia, and
the Dead Sea on the
@ Great Salt Lake, Utah. Israeli-Jordan border.

elevated oxygen production
in the upper layers (epilim-
nion). Because of the

oxygen is quickly used up
again. Rapid exchange of
water slows down eutrophi-
cation. In some Canadian
lakes the rates of in- and
outflow are so high that the

in focus

entire water volume is ex-

@ The disappearance of the Aral Sea has caused
environmental and economic disaster in the region. changed within a few weeks.

O see also: Phosphorus cycle and water cycle, p. 279
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glacier formation

Glaciers are masses of ice that flow slowly down a slope due to gravity. If
excessive snow falls, the glacial advance is accelerated. If warm weather
melts more ice than can newly form, the glacier retreats.

ICE AGES

Ice ages are geological time periods
during which average temperatures
were at least 8-9°F (4-5°C) lower
waorldwide than they are today, causing
large-scale glaciations in mountain

Mountain glaciers originate when snow
and ice accumulate inside a cirque—a rela-
tively small semicircular depression high
in the mountains. In the so-called accumu-
lation zone, above the snow line, fine snow

can take up to 200 years in the colder and
drier Antarctic regions. The ice becomes a
glacier only once the bottom layers begin
to move downhill due to the weight of the
ice. If the gradient is sufficiently high, the

areas and toward the Poles. The last
major ice age period began 2.5 million
years ago and ended about 11,000
years ago. Buring this period glaciation
periods and warmer periods called in-

: - terglaciations alternated in a cycle.
glacier crosses the firn line _

and the glacier's snout
pushes forward toward
the valley.

formation | poles | high mountains

GLACIERS

Large areas of the Northern and Southern Hemispheres
were once covered in mile-thick ice. Mighty moraines,
carved-out valleys, and smooth-polished stones remain as
reminders of the ice ages. Today the ice-cover of the po-
lar areas and mountains is rapidly receding, and the full
effects of global climate change are not yet certain.

Crevasses are formed
when glaciers move faster
than the flow rate of the ice
can sustain. Transverse cre-

i 5 ),

in focus

vasses develop in areas of @ Many tjords formed in the last ice age.

scarps and longitudinal cre-

vasses develop in areas the ice flows at a lower rate. The melted

crystals become densely packed, due
to repeated melting and freezing, into
coarsely grained firn ice. The constant
pressure eventually results in air- and
watertight glacial ice. In the Alps this
process only takes a few years, but it

@ The Perito Moreno glacier in Argentina 1s fed by the
n Ice Field. which i1s the world's
e of freshwater

where glacial valleys turn

wider. Radial crevasses form
at the toe of a glacier, where they fan
around the tip of the glacial snout.

Ice is lost through melting or evaporation
in the so-called ablation zone below the
snow line. It is continuously replenished
by the glacial flow from the accumulation
zone. The snout of the glacier moves
forward when the ice flows at a higher rate
than it can melt. The glacier retreats when

water of the ablation zone collects at the
base of the glacier and exits in the form
of milky white glacial creeks at the mouth
of the glacial snout.

Rocks and debris that are transported by
the glacier are deposited as a moraine.
Solid material abraded from beneath the
ice during glacial movements is carried
along as a ground moraine. The material
accumulates at the glacial snout and is
pushed together to form an end moraine.




@ U S. research base at the South Pole.

The appearance of the Earth today has
been shaped by the major glaciation peri-
ods of the past two million years. More
than one-third of the mainland, or about
21 million square miles (55 million km?),
were once covered by an ice sheet. Today,
only 5.8 million square miles (15 million
km?) are still covered by the “eternal”
ice. This accounts for about a tenth
of the entire land mass.

All continents except Australia have
mountain glaciers. Mountain glaciers are
most common in Europe; however, even
Mount Kilimanjaro, located near the Equa-
tor in Africa, is glaciated. Cold and dry re-
gions in northern Alaska or the vast regions
of Siberia do not have enough snow to

@ Glaciers are collapsing and retreat-

s ice of the poles and high mountains

The flowing motion and pressure caused by the ice caps of the Poles and
high mountain glaciers not only significantly shape the landscape but are
also the Earth’s largest freshwater reservoir.

form inland ice sheets. Overall, mountain
glaciers cover 4 percent of the entire
glaciated area; inland ice of the arctic
polar regions, including Greenland, covers
11 percent; and the inland ice of Antarctica
covers 85 percent.

High mountain glaciers and ice
sheets

Valley glaciers are the best known type of
glacier. The Aletsch Glacier, for example, is
the longest glacier in the Alps. The Mala-
spina Glacier in southeast Alaska is a typi-
cal example of a piedmont glacier, where
ice masses from the mountain valleys
spread onto the adjacent lowland. Ice
sheets covering large areas also exist in
the mountains without following the course
of a valley. One such plateau glacier is the
Vatnajokull Glacier on Iceland. At about
720 cubic miles (3,000 km?), it is the larg-
est glacier in Europe.

Continental glaciers, sometimes called
inland ice or ice sheets, are even larger. At
times during the last 2.5 million years, they
covered vast areas of Europe and North
America. Today they are only found on
Greenland and Antarctica. The ice sheet
of Greenland covers an area of almost
700,000 square miles (1.8 million km?) and
is more than 9,850 feet (3,000 m) thick.
However, the ice sheet is melting, possibly
losing up to 80 cubic miles (330 km?) of
ice per year. The ice shield of the Antarctic
is even more immense, with an area of
about 4.9 million square miles (12.8 million
km?) and a thickness of more than 13,120
feet (4,000 m). Entire mountain ranges are

. buried underneath the ice. The few bare

peaks that reach through the ice are re-
ferred to as "nunataks.” Large outlet gia-
ciers move away from the inland ice toward
the coast, where giant icebergs calve into

ithe ocean. Glaciers flow at rates from sev-
eral feet to a few miles per year. Temperate
‘glaciers flow relatively quickly, Jue to a film

glaciers

@ The Elephant Foot Glacier on the east coast of Greenland.

of water created by the pressure on the
bed of the glacier. Colder glaciers, located
above the firn line, move by deformation
and at a much slower rate. Alpine glaciers
typically cover a distance of about 100 to
500 feet (30 to 150 m) per year. Glaciers of
the Himalaya move about six to thirteen
feet (two to four m) a day. In the Antarctic,
the cold and stiff ice only moves just over
16 feet (five m) per year.

ICE-FREE FUTURE? According to the Intergovernmental Panel
on Climate Change (IPCC), the area covered by snow was
reduced by about 5 percent between 1980 and 2005 as a
consequence of climate change. The areas of Antarctica that
are covered by pack ice are diminishing at a much quicker
rate than expected. If this trend continues, the North Pole
may become entirely ice-free by the year 2050. It is predicted
that most Alpine glaciers will disappear by 2037.

i .

@ The Greenland ice sheet has been shrinking mas-
sively. The Arctic could be ice-free in summer as early
as 2015, and almost certainly by 2050.
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ATMOSPHERE

The Earth is surrounded by a gaseous layer that makes
life as we know it possible. The atmosphere protects us
from dangerous radiation from space and provides us
with breathable air. The sun is the engine of atmospheric
processes. Its energy affects daily and long-term
weather patterns, as well as determining the boundaries
of different climate zones.

During the last few million years, the Earth’s climate
has undergone several significant natural changes.
However, human beings have increasingly begun to
play a major role in changing the climate. Few scientists
today deny the reality of global warming. Nonetheless,
in spite of international efforts and agreements, it is
questionable whether these efforts can do more than

slow down this global trend.
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structure of the atmosphere

The current atmosphere is the fourth in Earth’s history. It consists of 78
percent nitrogen, 21 percent oxygen, and various amounts of noble gases,
carbon dioxide, water vapor, and nitrogenous and sulfurous compounds.

The approximately 63-mile (100-km)- practically all weather occurs. It contains

thick atmosphere of the Earth is merely a more than 90 percent air and most of the
thin layer, relative to the Earth’s diameter water vapor in the atmosphere. At the
of 7,926 miles (12,756 km) at the Equator. Poles, this layer is up to 4.5 miles (7 km)

high, while along the Equator it can reach
up to 11 miles (18 km). The
temperature of the tropo-
sphere decreases toward
the upper boundary (tropo-
pause) at a rate of about
50.8°F per mile (6.5°C/km).
In the next layer, the strato-
sphere, the temperature
increases from -140°F
(-96°C) to about 32°F

The percentage of gaseous parts varies

structure | processes

ATMOSPHERE

The atmosphere is the gaseous envelope that protects the
Earth against dangerous radiation from space and en-
ables the development and existence of life on our planet.
Its formation took several billion years, but information
about its structure and internal processes has only been

@ The habitable atmosphere of the Earth is merely a
thin vell, but it is where all human life exists.

accumulated over recent decades.

depending on altitude, and the air pressure
decreases with increasing altitude, en-
abling the atmosphere to be categorized
as distinct vertical layers. The layer closest
to the Earth is the troposphere, where

(0°C) at the 31-mile
(50-km)-high upper bound-
ary. This change is brought
about by the warming of the ozone layer
as it absorbs ultraviolet radiation.
The temperature decreases again in the
mesosphere. At its upper boundary (meso-
pause) the temperature is about -130°F
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nosphere is divided Into layers that vary in chemical composition and temperature.

(-90°C) and its lower boundary of the polar
lights (aurora borealis and aurora australis).
In the 124-mile (200-km)-high thermo-
sphere the few gaseous particles located
in the upper thermosphere can reach over
1832°F (1000°C).

The last layer is the exosphere, at an
altitude of about 621 miles (1,000 km).
Outside the atmosphere, the Earth is
surrounded by energy-rich particulate
radiation (Van Allen
belt). Structuring
the atmosphere by
gaseous electrical
charge, three extra
categories emerge.
The neutrosphere

POLAR LIGHTS are
caused by charged
particles from the
sun, which are
diverted by the mag-
netic field of the
Earth to the polar
regions. There, the
particles collide
with oxygen and
nitrogen atoms in
the upper atmo-
sphere, creating
the visible effect
of colored light.

extends up to 50
miles (80 km),
becoming the ion-
osphere and then
blending into the
protonosphere
toward outer

basics

space. Structuring

the atmosphere based on composition, we
also get the homosphere, where all gas-
eous components are mixed equally, and
the heterosphere, where the gas mixture
separates because of the diminishing
attraction from the Earth.




@ atmospheric processes

The sun is the driving force for processes in the atmosphere, fending off
most of the Earth’s damaging ultraviolet radiation, and permitting only the
shortwave radiation of visible light to penetrate to the Earth's surface.

The radiation given off by the sun pro-
vides the energy for all meteorological pro
cesses and for a multitude of atmospheric

outer space and the average global tem-
perature on the Earth’s surface would be
about -0.4°F (-18°C). However, because

@ Crepuscular rays are so called because they normally occur at crepuscular (or twilight) hours. Most people
know this optical effect, caused by the scattering of sunlight by clouds, as sunbeams.

phenomena. One-third of the radiation

that penetrates to the Earth is reflected by
clouds, the Earth's surface, and the air, re-
directing it back into space (albedo). The
atmosphere also absorbs some of the
shortwave radiation. About half of the radia-
tion reaches the Earth's surface directly or
indirectly through scattering by gases and
aerosols. The Earth not only absorbs radia-
tion, it also gives off radiation in the form of
longwave heat. Without the presence of
the atmosphere, such terrestrial warming

! raition would escape unhipdered into
"/

of clouds and atmospheric gases, such

as carbon dioxide (CO,) and water vapor
(H,0), a large part of this radiation is
recaptured—only a small part can escape
through the so-called atmospheric window.
The predominant part is radiated back to
earth as atmospheric back radiation. This
process is referred to as a natural green-
house effect. This back radiation has an
energizing effect on the Earth; the air close
to the ground is heated on average to 58°F
(14.5°C), leading to water evaporation and
the motion of the air and sea.

AN

atmosphere

ALBEDO

Some of the received shortwave sofar radiation is
reflected back into space by clouds and the Earth's sur
face, without utilizing any of the heat. This capability
to reflect is strongly dependent on the type and condi-

in focus

higher reflectivity.

Radiation balance

There is an overall balance found
on Earth, between radiation that

@ Snow-covered areas cool
the ground by nature of their

tion of the area that is
being irradiated. While
a black body absorbs all
radiation and does not
reflect anything, a white
body produces the op-
posite effect. The high-
est albedo values are
reached by areas cov-
ered with dry snow. The
larger the ice cover of
the Earth, the less heat
is absorbed, causing a
temperature drop.

is received and given off. However,

depending on the latitude
there are significant varia-
tions. For instance, in the
polar regions there is an
avarage deficit created

due to the polar night,
while the tropics have a
radiation excess due to
solar radiation throughout
the entire year. In order to
balance the uneven energy
distribution on Earth, global
wind systems circulate in
the atmosphere while
oceanic currents transport

energy from the lower latitudes to

the higher latitudes.

SUNLIGHT is com-
posed of the colors
of the visible spec-
trum, with different
wavelengths. When
sunlight penetrates
the atmosphere, air
molecules scatter
the rays. The short-
wave blue light is
scattered about five
times as much as
the red light, which
is why the sky
appears blue.

basics

@ At sunset the low position of the sun causes increased scattering of

- — - - i

light, with only longwave red and orange light reaching the ground.

—

— - _
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high- and low-pressure weather fronts

The sun acts as an engine of the weather system. Its energy moves enor-

mous air masses which travel as currents throughout the lower atmosphere.

The daily change in weather usually results from events at the boundaries.

The air may seem weightless, but
surprisingly it has a considerable weight.
This weight can be measured as air pres-
sure, using the unit hectopascal (hPa). Air
pressure is created due to the uneven

air pressure | meteorology | clouds | storms

WEATHER

A cold front is created by cold air pushing
underneath the warm air like a wedge.
Warm air rising results in cloud formations
and precipitation. In a warm front, these
processes happen evenly and relatively

All living organisms on this planet are influenced by the weather. Humans rely heavily
on accurate forecasts of temperature, air pressure, humidity, and the presence or
absence of wind or clouds. Due to the very complex processes happening in the
lower part of the atmosphere, it is almost impossible to predict the weather more
than a few days into the future as there are too many variable and uncertain factors

affecting the likelihood of rain, storm, or sunshine.

warming of the Earth's surface. Warm air
masses rise up and leave behind a low-
pressure area near the ground, while
high-pressure areas develop where air

masses descend after cooling. Air masses

from high-pressure areas move into
low-pressure areas in order to equalize
differences in pressure.

In temperate zones, the weather is
determined by the interaction of cold
and warm air masses. When air masses
of different temperatures collide, a front
forms. If lighter, warmer air slides above
the cold air, a warm front is created.

JET STREAMS

slowly while a cold front shows rapid
formations of cumulus clouds and precipi-
tation in the form of showers. Thunder-
storms may also occur.

The process where a cold and warm
front merges is called occlusion. At this
location, a cold front moving along catches
up with a warm front. Cold masses of air
move underneath the warm air and push
it up from the Earth’'s surface. The warm
air that is pushed up cools, resulting in
reduced wind and precipitation. The air
circulation in temperate zones keeps
moving due to the air pressure gradient

Jet streams are created where very cold air collides with very warm air masses resulting
in an extreme pressure drop and an exceptionally fast wind. Jet streams may reach speeds
of up to 370 mph (600 km/h) at a height of 5.6 to 7.5 miles (9 to 12 km). They can be up

in focus

@ see also: Cosmic weather. p.36

to several miles wide and
over a thousand miles
long. Often jet streams
can be recognized by cir-
rus clouds that consist of
ice crystals.

@ The typical meandering
il | shape of the fast-moving
oW 200 jet stream.

R rey

=

@ Cloud formations resulting from rising warm ar.
Water vapor within the clouds results in precipitation.

between the subtropical high-pressure
belts and the subpolar low-pressure areas.
Differences in air pressure are balanced
by strong westerly winds. Hot tropical

air and cold air from the Poles create
a boundary called the polar front,
where major air turbulences
result. These are called
cyclones and can reach
a diameter of 620
miles (1,000 km).



= meteorology and weather observations

People have a great interest in tomorrow's weather. The oldest written re-
ports about weather phenomena are over 5,000 years old. The weather has
been systematically recorded and analyzed for the last 150 years.

Nowadays, weather conditions are ob
served, measured, and recorded around
the clock through a global network of data

recording devices. Weather stations, mea-

surnng buoys, and weather balloons

provide data on air pressure, temperature,
precipitation, humidity, sun hours, wind
direction, and wind speed by means of
mercury barometers, hygrometers, and
weather vanes. This data can be accessed
at any time, even from remote areas.
Planes are used for observations of the
atmosphere at high altitudes, usually when
dangerous tropical storms are about to
form. Since the 1960s, weather satellites
have also been in use, continuously send-
ing data to receiving stations on the Earth.

@ Computers are a vital tool in weather prediction
enabling ever more accurate forecasts

Weather forecasts

Collected data is sent to various centers
distributed across the globe and from there
they are redirected to regional stations and
national weather services. They are all
members of the World Meteorological
Organization (WMO), which was founded
in 1951 as an agency of the United Na-
tions. Based on the data provided, weather

@ Lightning 1s a spectacular but sometimes danger-
ous weather effect. It often strikes the tallest builldings
In an area. Each flash lasts a quarter 0 a second

weather

ay seem unpredictable and random. but

an be quite acc

rately predicted

services produce weather maps using
internationally standardized symbols. The
expected weather patterns for the following
few days (using numerical weather predic-
tion) are calculated by computers using
mathematical-physical formulas. Given the
advances in technology, people are always
hoping for more and more reliable weather
forecasts. However, long-term predictions
are difficult to make due to the complex
processes taking place in the atmosphere.
With modern computer-assisted weather
models, meteorologists can reliably predict
the following five days' weather, whereas
ten years ago we could only predict

three days ahead. Such computer-based
models are also used for less accurate
long-term forecasts.

VILHELM BJERKNES

The Norwegian geophysicist and metearologist Vilhelm
Bjerknes (1862-1951) was a major pioneer of meteo-
rology. He developed the theory of warm and cold
air fronts, as well as the basic principles of numerical
weather prediction. He carried out some of his
most significant studies at the University of Leipzig's
Institute of Geophysics
in Germany. Due to the
outbreak of the First
World War, he was
forced to return to Nor-
way in 1917, where he
founded the Geophysi-
cal Institute in Bergen.
@ Vilhelm Bjerknes.
the founder of th a
tice of modern w
forecasting

milestones



EARTH | atmosphere - £

@ precipitation and clouds

Cloud formations and patterns have always greatly inspired humans. They
are important for the global distribution of water and required for precipita-
tion, which in turn supports life on Earth.

Howard in 1803. There are ten main types
of clouds, each with several subcategories
and special types. The system for describ-

The Earth's water is in constant motion.
Water vapor rises into the atmosphere and
can travel over large distances. The colder

the air temperature, the less water vapor
it can retain. The point of saturation or

"dew point” is when the relative humidity is

CUMULONIMBUS, THE THUNDERCLOUD When warm, hu-
mid air close to the ground rises and forms cumulonim-
bus clouds, the updraft pulls positively charged droplets
upwards inside the cloud, leaving negatively charged
droplets near the base. As the upper regions of the cloud
are altered due to ice formation, electricity is discharged
in a lightning flash. The surrounding air is heated and ex-
pands, causing the distinctive sound of thunder.

basics

100 percent, leading to the condensation
of water from vapor into liquid. This process

is facilitated by tiny particles in the air,

the condensation nuclei, which act as an

attachment point for suspended water
molecules. Below freezing point, water

vapor sublimates into ice crystals. In both
cases clouds become visible. Precipitation

occurs when cloud particles become so

heavy that they lose their buoyancy.
Clouds are categorized according to

their shape and the height at which they

occur. Today's international cloud classifi-

cation system is based on studies pub-
lished by the British pharmacist Luke

ing these cloud types is based on three
cloud height levels. The two basic cloud
forms are stratus and cumulus, which
are found low in the sky. The horizontal

@ A snowflake is a single particle of snow. It is possi-
ble to find two that are visually alike, but it is very rare.

dimensions of stratus clouds
are larger than their vertical
reach, while cumulus clouds
show a large vertical reach
and an almost flat lower limit.
Cirrus clouds are icy clouds
that, in temperate regions,
occur only at very high alti-
tudes between 23,000 and
43,000 feet (7,000 and
13,000 m). The names of the
clouds situated at a medium
altitude—above about 6,500
feet (2,000 m)—begin with

@ Raindrops, formed by small droplets of water merg-
ing, are an instantly recognizable precipitation effect.

of cloud, nimbus clouds, are dense and
dark. This is the type that carries a lot of
precipitation.

Precipitation
Precipitation is produced as humid
air cools to below the dew point. This
can occur when the air rises, such
as when two fronts meet (cyclonic
precipitation) or there is a
ground elevation increase
(relief rain or orographic rain).
Humid air can also rise freely
(convective precipitation). A
liquid droplet is specified ac-
cording to its diameter: a droplet is
rain when its diameter is greater
than 0.019 inch (0.5 mm), drizzle

@ Snow in an alpine area: Some mountains are so
high that they keep a snowcap year-round.

when it is less than 0.007 inch (0.2 mm),
and fog when it is between 0.0003 and
0.001 inch (0.01 and 0.04 mm). Solid pre-
cipitation, which occurs at colder tempera-

@ Cumulonimbus clouds forming over the ocean: Cumulonimbus
clouds are responsible for high precipitation and storms.

the prefix “alto.” Another type  tures, includes snow, sleet, and hail.

O see also: The effects of climate change, p. 127
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@ wind, storms, and anomalies

Wind is air in motion originating from air pressure gradients in the atmosphere.
It always blows from an area with high air pressure into an area with low air
pressure. The greater the difference in air pressure, the stronger the wind.

There are several parallel
zones on the Earth with pre-
vailing surface winds. Warm
air expands near the Equator
and rises, causing a low-
pressure belt called the
intertropical convergence
zone. This zone is also
known as the doldrums.
While the rising air cools
slowly, it expands toward
the Earth's Poles, creating
convection currents. The air
descends again in the
subtropical horse latitudes,
which are located at 30°
north and south of the
Equator. Here, the air
merges into the trade
and westerly winds.

The horse latitudes
experience only light winds
or calm air, similar to the
doldrums. Trade winds
blow near the Earth's sur-
face and toward the Equator,
replacing the rising air. They
merge with the low-pressure
system of the intertropical
convergence zone and the
cycle repeats.

In contrast, westerly winds collide in the
temperate regions with cold air masses
called the polar easterly winds. The Poles

@ Tropical storms can Iead to significant destruction
and flooding of low!land and coastal areas.

are regions with high air
pressure caused by the
sinking cold and dense air.

Local winds

The formation of winds is
affected by local geography,
such as mountains, deserts,

terrestrial areas, and oceans.

Therefore, many areas
experience localized winds
in addition to the large-scale
wind systems. Coastal areas
experience offshore and
onshore winds depending
on the daily warming of the

@ Tornadoes are a swiftly rotating column of air, noted for their highly
destructive energy and high wind speeds.

in focus

@ Gaspard G. Coriolis: the Coriolis force is ab-
sent at the Equator and strongest at the Poles.

@ Hurricane Katrina, one of the most severe hurri-
canes in recent U.S. history, caused 1,836 deaths.

atmosphere. Drainage or katabatic winds
may occur on the lee side of mountains.
In contrast, the mistral is a very cold and
dry wind blowing from the high ranges of
the French Massif Central. The sirocco is
known as a hot and dry wind in the
northern parts of the Sahara.

Heavy storms

Heavy storms with spiraling winds are
frequently generated above warm tropical
oceans. They are called hurricanes in the
Caribbean, typhoons in the China Sea, and
cyclones in the Indian Ocean. They move
west reaching velocities of up to 186 miles
per hour (300 km/h). Tornadoes are smaller
and short-lived, but those generated from
thunderstorm clouds are just as dangerous.
The Beaufort scale, named after the British
admiral Sir Francis Beaufort (1774-1857), is
used to indicate the force of wind.

CORIOLIS FORCE

Winds do not blow across the globe in a straight line; they are diverted
from the west to the east by the rotation of the Earth, causing the

distinctive spiral effect.
This rotation causes the
rising warm air masses
from the Equator to
the Poles to shift to-
ward the right and the
descending cold air
masses from the Poles
to the Equator to shift
toward the left. This ef-
fect was discovered by
the French physicist
Gaspard Gustave Cario-
lis (1792-1843).
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the global climate

Different climates exist on various parts of Earth, from the dry heats of
deserts to the freezing winds of polar ice caps. All of these climates can
be taken together to calculate the average global climate.

Climate 1s the full range of weather
conditions experienced in a particular place
over several decades or longer, including
daily and seasonal changes. Weather,
however, refers to short-term conditions

THE CLIMATE
SYSTEM

Earth is home to a number of different climate zones,
influenced by various factors. A commonly used system
of categorization identifies zones based on their average

include a region'’s latitude, its elevation,

and the features of its terrain, as well as

the amount of solar radiation it receives.

From these primary factors arise secondary

climatic factors, such as ocean currents,

_ wind systems, and other
natural cycles.

Climate observations
Depending on the size

of the area under consider-
ation, climate can be
divided into microclimate
(sometimes areas only

a few yards or meters in
size), mesoclimate (extend-

temperatures, dividing the world into polar, temperate,
subtropical, and tropical zones.

during time periods ranging from as little
as a few hours to a length of a couple of
weeks—or, at the most, a particular season.

What determines climate?
Many conditions and processes work
together to determine the climate of a
particular area. Primary climatic factors

@ When cooled near the ground, water

vapour in the air

can condense into tiny

suspended droplets, forming fog.

Atmosphere

Biosphere

0 Lithosphere &

Hydrosphere

Q see also: The ongins of life, p 55

ing over several hundred

miles), and macroclimate

(encompassing entire
continents or even Earth as a whole). Cli-
mate arises from the interaction of Earth’s
five “spheres”: the atmosphere (air), the
biosphere (living things), the pedosphere

(soil), the lithosphere (rocks and minerals),
and the hydrosphere or cryosphere (water,
including ice). Together, these form the
geosphere. A multitude of climatic factors

NORTH ATLANTIC
OSCILLATION (NAO)

The NAO index describes the differ
ence between pressure systems over
the Atlantic; a large pressure differ:
ence is a pasitive index while a small
1s a negative index. The index fluctu-
ates, influencing Northern Hemisphere
weather. It is not yet known whether
the positive index over recent decades
is related to unusual climate change.

@ The high-pressure system that tends
to form over the North Atlantic Ocean is
known as the Azores High.

in focus

influence each of the spheres, producing
the geosphere's overall climate. In order

to describe weather and climate in the
atmosphere, scientists collect data about
the various climatic elements, such as
temperature, air pressure, humidity, wind
speed, and direction. After data has been
collected over a long period of time,
average values can be calculated. When
scientists compare these with current data,
they can make predictions about long-term
patterns in the climate.

Terrestnical
radiation Sun radiation
Clouds
Snow Atmosphere-Ice Condensation

G Atmosphere Gas
as .

Biomass ’ A matter
matter -

Land

Icesheets

Windcurrent

@ Various interacting factors affect the Earth's overall chmate. These influences can arise from the atmosphere,
biosphere, pedosphere, lithosphere, or the hydrosphere




@ natural climate phenomena

Historically, the Earth’'s climate has gone through natural

cycles. These can be detected in climate data of past millennia,
recorded in mineral deposits and core samples of polar ice. |

Fueled by the sun's energy, wind and
ocean currents continually churn the
Earth's troposphere and hydrosphere,
atfecting the Earth’s climate. The so-called
trade winds significantly influence global
climate by carrying large amounts of
ocean moisture.

El Nino and La Nina

The southeast trade winds drive the circu-
lation of water in the South Pacific. Cool
surface water off the coast of South Amer-
ica moves westward, warming as it goes.
As this current nears Southeast Asia, it
encounters cooler water, which sinks down
into the Pacific and travels along the sea-
floor toward South America, rising again to
renew the cycle. This cold current from the

deep Pacific creates an |
extended high-pressure zone
and a dry climate in western
South America. The nutrient-
rich water makes fishing

ideal near the shores of [
countries such as Peru. Con- |
versely, in Southeast Asia,

warm waters produce sus-
tained low-pressure zones
regularly resulting in heavy
monsoon rains in Australia

practice

the climate system

CLIMATE ANALYSIS

@ Because ice preserves air particularly well,
polar analyses are some of the most accurate
and valuable sources of past climate data.

The Earth’s chmate has been influenced throughout history by natural
events such as the formation of the atmosphere and new land masses,
tectonic plate

move
ment, meteorite colli-
sions, and massive vol-
canic eruptions. Most
climate changes were
gradual, but they can
still be detected from
the subtle traces they
have left behind. Scien-
tists draw important
information from fossils,
the chemical composi-
tion of minerals, and
ice deposits to gain an
understanding of past
climate conditions.

and Indonesia. Every three

to eight years, an unusual warming event
occurs near the South American coast.
One potential reason is that trade winds
weaken, interrupting the water circulation
pattern in the Pacific. As a result of this,

heavy rains and hurricanes often ensue.
Without the nutrient-laden, cold current,
fish stocks drastically decline. In Southeast
Asia, severe droughts cause failed harvests
and forest fires. Since this event often
occurs around Christmas, Peruvian fisher-
men dubbed it “E/ Nifio," (the Christ Child).

When rising pressure
differences between South
America and Southeast Asia
allow the trade winds to gain
strength, the circulation
pattern resumes and the
original conditions return.
This is known as La Niria
(the little sister). Scientists
still do not fully understand
either phenomenon.

Equator

80°W

120°E

@ Under normal conditions, the coast recieves sufficient rainfall and cold water laden with nutrients rises from
the ocean depths, replenishing nutrients to the upper layers of waters and increasing fish stocks.

@ When sunlight falls on
moisture in the air, the spectrum
of light appears as a rainbow.

>s
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@ During El Nifio conditions, rainfall on land is reduced and cold water circulation to the surface Is interrupted by
the warming pattern, causing major declines in fish stocks and other marine life.

e

DENDROCHRONOL-
0GY Tree rings vary

in thickness depend-
ing on how favorable

the growing season
was. Thus, growth
rings tell us about
past climate condi-
tions as well as the
tree’s age.

basics
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tropical climates

The tropics are known as humid, muggy areas with evergreen rain forests
rich in animal and plant species. But tropical habitats can also include the
grasslands of the savannas and even dry deserts.

The term “tropics” comes from the Greek
tropos, which means “to turn.” It describes
the climate zone on either side of the
Equator between the Tropic of Cancer and
the Tropic of Capricorn-—between 23.5°
north and south latitude. This zone forms
a belt around the circumference of the
Earth, incorporating about two-thirds of the
total landmass. The key characteristics of
the tropical belt are continuously high solar
radiation and consistently high tempera-
tures. At sea level the average monthly
temperatures never fall below 68°F (20°C).
Temperature fluctuations between day and
night are greater than those over the

course of the year.

O see also: Ecosystems, pp. 80-87

one daily temperatures are on average 77-80°F (25-27°C)
ches 80-120 inches (2,000-3.000 mm) per year.

Temperatures in the tropics decline with
rising altitudes. The lowland tropics have a
warm tropical climate and the tropical
mountains have a cold tropical climate.
Lowland tropical areas may be humid, with
a climate typical of tropical rain forests;
these are the inner tropics. On the other
hand, the outer tropics have a subhumid
climate typical of savannas. The transition
point occurs where the annual temperature
fluctuations are greater than 18°F (10°C).

From the jungle to the desert

Only the rain forests experience constantly
humid conditions. They are located within

the inner tropical convergence (ITC) zone.

This zone covers the area
between 10° north and south
latitude. The annual rainfall
decreases the farther away
from the Equator an area is
located, while the number of
dry months increases. Rain-
fall occurs during one or sev-
eral rainy seasons. The rainy
seasons of south Asia are
often accompanied by heavy
winds called monsoons

COASTAL CLIMATES

On the coast, the water moderates the
temperature by acting as an insulator:
the oceans may take longer to warm
up but they also take longer to cool
down. The marine air also carries
plenty of water vapor. The very dry
coastal deserts of Atacama and

Namib are exceptions. Cold ocean cur-
rents cause short-term fog, but they
simultaneously prevent the formation
of rain clouds.

@ Coastal climates are generally charac-
terized by balanced annual temperatures
and high rainfall.

in focus

@ Afrcan buffalo herds roam the sun-soaked savanna.

blowing in from the ocean. A long dry sea-
son follows, as dry and cold air moves in
the opposite direction from the mainland
toward the ocean.

The subhumid tropics are divided into
vegetation zones according to the number
of rainy months: the semihumid savanna
has 7 to 9.5 rainy months, the dry savanna
has 4.5 to 7, and the arid shrublands have 2
to 4.5. The desert or semidesert areas of the
dry tropics receive less than two months of
rain per year.




® subtropical climates

Subtropical areas can be found in a belt between the tropics and 45° north
or south latitude. These areas are the climatic transition between tropical
and temperate latitudes. The Mediterranean climate is a specific climate
type located within the subtropical zone.

@ Shrubland communities, such as this macchia vegetation on the

This is where the subtropical
moist forests are found. The
western parts of these conti-
nents, however, have a
subtropical climate with dry
seasons in the summer and
rainy seasons in the winter.

Mediterranean climate
The Mediterranean climate
zone is located between 32°
to 45° north and 28° to 38°
south latitudes. As the name
indicates, the Mediterranean
climate is prevalent in the
Mediterranean regions, but it
also exists on the coast of
California, along a coastal
strip of Chile, in the Cape

south coast of Crete, are widely found in Mediterranean climate zones.

The subtropics are defined as a climatic
zone with high temperatures in the summer
and mild temperatures in the winter caused
by a seasonal shift of the subtropical high
pressure areas. Temperatures and the
amount of precipitation depend less on
geographical latitude than on where the
area is located on the corresponding land-
mass. Dry subtropical regions with large
deserts such as the Sahara in Africa or the
deserts of Australia are located at the cen-
ter of these continents. Here, precipitation
of less than four inches (100 mm) per year
is not unusual. Even shrubs and thorn
scrub will only grow in certain areas with
favorable conditions. The eastern parts of
these continents experience monsoons
during the summer carrying heavy rainfall.

Town area, and on the
southwest coast of Australia.

All these regions experience rainy winter
seasons, sometimes with frost, yet the
average temperatures of the coldest
months are above 41°F (5°C). Average
summer temperatures vary between 73°F
(23°C) in Europe and 82°F (28°C) in
Australia. The dry summer season with little
or no rain lasts about four to six months.
The main growth period for plants is there-
fore during the spring. Sclerophyll is the
typical vegetation of this climate zone. Its
plants have small hard leaves with a
coriaceous surface that protect the plant
from water loss caused by evaporation. The
natural vegetation in the Mediterranean
mostly consists of evergreen oak forests,
with the prevalent holm oak. Many

-

the climate system

@ In the Mediterranean, sclerophyllous holm oak have been cultivated
as an efficient source for wood. truffles, and animal food since antiquity.
Mediterranean forests have deteriorated,

however, into shrubland communities with
Mediterranean heaths. This type of plant

community occurs in different parts of the

world and has different local names: ltalian

macchia, French garrigues, the fynbos of

@ The koala has a specialized diet of eucalyptus
native to the Mediterranean climate zone of Australia.

CLIMATE CLASSIFICATIONS There are different methods |
for the classification of the climates on Earth. One of the

most well-known methods was developed by the geogra-

pher Wiadimir Peter Kappen (1846-1940). The Koppen

climate classification method is based on the relation-

ship between temperature, precipitation, and vegetation.

Here, individual climate zones and types are separated

by the mathematical mean of distinct threshold values.

The so-called effective classification was published in

1923 and has been reworked several times since.

basics

Cape Town, or the California chaparral. In
Mediterranean Australia, the predominant
plant of the sclerophyll forests is the
eucalyptus and in Chile it is the litre tree.
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climate of the temperate zone

The temperate zone covers the Northern and Southern Hemispheres
between 45° latitude and the polar circle at 66.5° latitude. It can be divided

into a cool and a cold temperate zone.

The temperate zone mainly depends
on the westerly winds outside the tropics
which bring a maritime climate to coastal
areas while inland areas experience a con-
tinental climate with decreasing annual

@ Red deer inhabit the temperate zone of Europe, the
Caucasus, parts of Asia, and northwestern Africa.

precipitation. The average annual precipi-
tation is around 31 inches. Overall, there are
distinct seasons, slightly less so toward the
Equator. Another typical characteristic is the
variation of night and day hours according
to the season. This variation increases with
decreasing distance to the Poles. The Gulf

CONTINENTAL CLIMATE differs from maritime climate
where daily and annual temperature fluctuations are less
extreme. This is due to the heat storage capacity of the
oceans: Although the ocean heats up more slowly than
the ground during summer, it also cools down more
slowly and releases the stored heat during winter. With
increasing distance from the coasts there is also a sig-
nificant reduction in annual precipitation.

basics

Stream has a significant effect on the cli-
mate in central and northern Europe which
would be much colder without the influ-
ence of this ocean current.

The cool temperate zone

In the Northern Hemisphere, the warm
temperate zones are located on the west
coast and in the northeast of North

O see also: Ecosystems, p.86

America as well as in large parts of Europe

and East Asia. In the Southern Hemisphere,

they are located in Chile, southeast Austra-
lia, Tasmania, and the southern island of
New Zealand. The average annual temper-
ature is between 46.4 and 53.6°F (8 and
12°C). The actual temperatures in the
coastal areas are milder with a maritime
climate where monthly aver-
age temperatures hardly fall
below freezing while the
continental inland tempera-
tures are very high in sum-
mer and very low in winter.
The dryness of the continen-
tal climate of the temperate
grasslands makes tree
growth impossible. In con-
trast, deciduous forests with
oaks, beech, hornbeam,

birch, and ash trees are
common in areas influenced

Coniferous forests are therefore wide-
spread in the cold temperate zones closer
to the Poles. About 10 percent of this con-
tinental area is taken up by the taiga with
vast swamp and raised moss areas. In

the Northern Hemisphere, this type of
vegetation is the most widespread. In the
Southern Hemisphere, such vegetation

is almost entirely absent due to the distri-
bution of land and ocean. The average
temperature of the coldest month is below
26.6°F (-3°C) and below -13°F (-25°C) in
the coldest areas. The warmest month
reaches on average less than 50°F (10°C).

- 0 —

@ Across the world, alpine climate exists in temperate regions that are

at altitudes situated above the tree line

by the maritime climate.

The cold temperate zone

If the growth period decreases to less than
120 days due to cold temperatures, decid-
uous woods have no chance of survival.

@ The taiga 1s the largest terrestnal ecosystem stretching across the cold temperate zone of the Northern Hem-
sphere. This biome does not exist in the Southern Hemisphere.

The boundary between continental and hot
summer continental climate is where tem-
peratures fluctuate by more than 104°F
(40°C). Precipitation falls as rain in the
summer and as snow in the winter.




iy the climate system

m subpolar and polar climate

Distinct seasons occur within the polar circles. However, during the winter, the sun
never fully rises and in the extreme cases of the North and South Poles, the polar
night and polar day last half a year each.

The subpolar climate zone is the transi- reduced. Major parts of the Arctic are occu-

tion between the temperate and the polar pied by the Arctic Ocean that is covered
climate zone. It is a relatively narrow belt
along the coast of the Arctic Ocean from
northern Scandinavia through Siberia to
Alaska, northern Canada, and Greenland.
The mean temperature of the warmest

months during the short summer is below

over by pack ice. Due to the heat capacity
of the water, the most extreme tempera-
tures are not at the North Pole but in east-

ern Siberia where temperatures reach
-94°F (-70°C). The sixth continent, Antarc-
tica, is covered by an ice sheet of several

@ Elk, one of the Earth’s largest deer
species, mainly range in forest habitats
of North America and eastern Asia.

50°F (10°C) and the winters are moderate
to extremely cold. There is also a marked
contrast between the mild oceanic climate
and extremely continental climate. Precipi-
tation usually falls throughout the year, but
only little. Winds are often strong, especially
in the Southern Hemisphere and close to
the boundary of the West Wind Drift. Dura-
ble and low-growing plants such as lichen,
moss, and grasses, herbaceous and scrub
species have adapted very well to the
rough climate, short growth period, and per-
mafrost. They form the tundra, which covers
large parts of the subpolar zone. The tree-
less tundra may even cover areas south of
the northern polar circle that are elevated or
exposed to the wind. Toward the north, the
tundra is adjacent to the polar desert.

Polar areas

The polar areas of the Earth are cold
deserts. Temperatures are constantly
below freezing and solar radiation is

@ see also: Mountains, pp. 76-79

miles thickness. With tem-
peratures as low as -128.6°F
(-89.2°C), Antarctica is the
coldest place on Earth; even
during the summer, the
thermometer never rises
above 5°F (-15°C). Tem-
peratures are so low due to
the elevation and the circum-
polar current. Only little water
can evaporate in such a cold
climate, therefore, very little
precipitation falls in this area.
Annual precipitation is
between 1.2 inches (30 mm)
in the interior of the Antarctic
and 5.9 inches (150 mm) near the coast; in
the Arctic it is between 2 and 19.7 inches
(50 and 500 mm). Cold katabatic winds
are typical for the climate of the Antarctic.
They can lead to severe storms. In this
almost completely unvegetated zone, life
is concentrated in the coastal areas, which

in focus

MOUNTAIN CLIMATE

Climate does not only depend on latitude. High mountains are a special
case in all climate zones. Temperatures drop with altitude, just like

they drop from the Equator to-
ward the Poles. They drop by
about 33°F per 328 feet (0.6°C
per 100 m). This results in var-
ious climate and vegetation
zones. Elevation climate zones
are especially distinct in the
tropical mountains, where they
range from tropical rain forest
to forest, tree, and snow bound-

@ In elevated terrain, the tree line forms
the boundary between climate zones.

nent ice zone.

are slightly warmer, similarly to the Arctic.
This is where animals that have adapted
to the polar climate can find sufficient
food. A vast habitat for plankton and fish,
the Arctic Ocean and the Southern Ocean
are among the most productive regions
on Earth.

.nlo the Atlantic and the Arctic Oceans.

aries and finally to the perma-
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= climate change

Scientists are tackling questions surrounding the causes of recent record
high temperatures and a global increase in natural disasters. One possible
cause of unusual climate change may be modern-day human activity.

The alternation between cold and warm
phases on Earth constitutes a natural cycle.
On average, a phase lasts 100,000 years.
Within a natural cycle, less significant
climate changes occur in cycles of

changes | climate factors | global warming | consequences

CLIMATE CHANGE

Myriad natural factors help explain the current warming
trend in the Earth’s climate, in particular a natural climate
cycle that occurs over thousands of years. However, the
speed at which the recent change is occurring is curious
and disconcerting. Scientists are exploring the possibility
of human activity as one of the influences.

approximately 20,000 and 40,000 years.
In 1920, Milutin Milankovitch, a Serbian
astronomer and mathematician, realized
that astronomical forces have a cyclical
influence on the intensity of solar radiation

INFLUENCE OF NATURAL CATASTROPHES

Volcanic eruptions affect global climate by releasing sulfur dioxide
(which can form sulfuric acid) and ash into the air. As aerosols (float-
ing particles) these reflect some sunlight back into space; cooling
Earth. In 1991, the Pinatubo eruption lowered average temperatures by
32.9°F (0.5°C) for two
years. An asteroid strike
works similarly: the im-
pact raises clouds of dust
that act as atmospheric
aerosols. About 65 million
years ago, a huge asteroid
or comet struck Mexico,
causing climatic cooling,
which led to mass extinc-
tion. Of course, supervol-
cano eruptions and aster-
oid collisions are extremely
rare and are not behind
the recent warming trend.

@ Washington state's Mount
St. Helens exploded on May
18, 1980, leaving its sur-
roundings destroyed.

In focus

O see also: Environmental protection, pp. 128-137

reaching the Earth. The Earth rotates like a
spinning top as it revolves in an elliptical
path around the sun. At intervals of 20,000,
40,000, and 100,000 years, this planetary
motion determines the distance between

this does not by itself account entirely for
recent climate changes. Although it can
be assumed that humans are not the sole
cause of global warming, the worldwide
scientific consensus asserts that human

the Earth and the sun, and
thus the angle at which
sunlight strikes the Earth.
This may serve as a climate
change trigger. Milankovitch
cycles are confirmed by data

@ Storms over the Atlantic and its coastlines seem to
. have doubled within the last hundred years.
collected from sediments on
the ocean floor and from
core samples obtained by
drilling into polar ice.

At this time Earth is in

the midst of a warm phase

activity since the industrial revolution has
certainly influenced the warming process.
Statistically speaking, clusters of storms
appear regularly and influence Earth's
natural climate cycles. Researchers predict
that such clusters and other extreme
weather phenomena, such as the destruc-
tive Hurricane Katrina, which hit the U.S.
Gulf Coast in 2005, may become more
common, partly because of increasing
global temperatures.

within an ice age. However,

1982 2007

National Snow and Ice Data Center, 2007

2010-2030 2040-2060 2070-2090

Arctic Climate Impact Assessment. 2004

@ Arctic sea ice 1s an important factor in the global circulation systems. Satellite observations
of summer ice coverage show rapid reductions and project a continuing annual loss.




climate change

@ climate factor mankind

The Earth's climatic system changes slowly. The climate trends we see
today were triggered partially by events that happened decades ago.

Industrial nations: leaders or
perpetrators?

Natural processes lead to constant cli
matic changes on Earth. However, since

the industrial revolution human activity has
been a new factor to consider. Based on
past trends, it seems that historical climate

Industrial nations consume nearly 75-80
percent of the fossil fuels burned each

year, and they are responsible for most

@ Industry-driven slash and burn deforestation abol-
ishes large woodlands and releases massive amounts
of greenhouse gases into the atmosphere.

Five minutes to midnight

Even if current emissions stopped com-
pletely, it would take decades for carbon
dioxide and other gases to return to the
levels they were at before the industrial
revolution. Reducing emissions may be
the only way to prevent a possible climatic
catastrophe, but the outlook is poor: The
United States, one of the largest emitters of
carbon dioxide, has rejected the Kyoto Pro-

@ The major factor affecting climate change is the high-carbon lifestyle of the industrial nations. Due to its rapid

industrial development, China has overtaken even the U.S. in terms of its annual carbon emission rate.

data for recent centuries makes sense only
if human activity is factored in—though it
may not outweigh natural causes.

Do humans affect climate?

In the last 150 years, pollution of the atmo-
sphere by humans has been increasing.
Because the climate reacts slowly, it is
uncertain whether these emissions are
already affecting the Earth. However, the
demand for food, housing, and energy is
likely continue to rise and negatively affect
the environment. Depending on the extent
of the impact, the protection of the Earth's
climate may demand far-reaching political,
economic, and social changes.

greenhouse gas emissions.
Meanwhile, less-developed
countries suffer because
they lack the resources to
handle natural disasters. For
these reasons, industrialized
countries share the respon-
sibility of reducing emis-
sions. The 1997 Kyoto
Protocol marked the first
step toward international
climate protection. Some of
the solutions may include
using renewable energy
sources and changing public
policy toward motor vehicles.

Q see also: Environmentally sustainable construction, p. 370

in focus

even more emissions.

CLIMATE POLICY

tocol. Meanwhile, industrial expansion in
China and India continues to generate

The UN Kyoto Protocol aims to reduce emissions of six greenhouse
gases by 5.2 percent compared to their levels recorded in 1990. This

@ Public awareness for climate issues increases
internationally and pressures politicians to act.

is viewed by many as a
milestone in climate
protection; however,
many critics call it a
“drop n the bucket” as
long as high-emission
industrial heavyweights,
such as China and the
U.S., resistthe mandate.
Also, some scientists
guestion the effective-
ness of requesting the
reduction of carbon
dioxide only.
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global warming

Regardless of the degree to which human activity affects the world’s
climate, the fact remains: it is getting warmer. This rise in temperature can
no longer be explained on the basis of natural climatic cycles alone.

Over the course of geological history, the
Earth's climate has undergone numerous
changes. The past million years, in particu-
lar, have been marked by continuous
cycles of rising and falling temperatures.

Average global temperatures have fallen
below 50°F (10°C) during cold phases, fol-
lowed by increases of up to 62°F (17°C)
during warm periods. Even since the most
recent ice age, climatic cycles have contin-
ued, with temperatures some 1.8-3.6°F
(1-2°C) above and below today's average
value of 58°F (14.5°C).

GREENHOUSE GASES Carbon dioxide (CO,) is one of the
six types of greenhouse gas regulated within the frame-
work of the Kyoto Protocol, along with methane (CH,),
nitrous oxide (N,0), hydrofluorocarbons (HFCs), perfluo
rocarbons (PFCs), and sulfur hexafluoride (SF;). CO, is
emitted through the respiration processes of plants and
amimals, as well as the burning of wood and fossil fuels
(coal, oil, and natural gas), while oceans and forests
remove CO, from the atmosphere

basics

@ Heavy logging and agricultural clearance durnng
the 21st century have led to a sharp decrease in the
acreage of the world’s great rain forests

Nevertheless, the unusually rapid warm-
ing of the climate in recent years is cause
for concern. During the past 120 years,
worldwide average temperatures have
risen by some 1.26°F (0.7°C), with the most
significant increases registered since the
early 1970s. The direct consequences
of this warming include the melting of
mountain glaciers, the retreat of polar ice,
increases in extreme weather phenomena,
and rising sea levels—with an average

increase of some 6.7 inches (17 cm)
observed in the 20th century alone.
According to reports from the
Intergovernmental Panel on
Climate Change, the main
cause of the excess
warming Is the burgeon-
ing concentration of
greenhouse gases in the
atmosphere as a result
of human activity. During
the 10,000 years before
1750, atmospheric carbon
dioxide (CO,) levels never
exceeded 280 parts per
million (1 ppm = 0.001 per-
cent). Since 1750 this concentration

@ The production of greenhouse gases like carbon dioxide is mainly due to industrial activities in both devel-
oped and developing countries. In Russia, China, and other newly industrializing countres, the levels of air
pollution and the output of greenhouse gases Is Increasing

 see also: Enviromental exploitation, p. 130

IPCC: THE UN CLIMATE
COUNCIL

In 1988, the Intergovernmental Panel
on Climate Change (IPCC) was founded
by the Waorld Meteaorological Organiza-
tion (WMO) and the United Nations
Environment Programme (UNEP). The
panel, staffed by experts from more
than 130 nations, collects, analyzes,
and evaluates the latest scientific
research and international studies
related to the causes and possible
effects of global warming. Since 1990,
its findings have been published regu-
larly in the form of status reports,
which serve as a basis for negotiations
at international climate conferences.

@ Dr. Rajendra Pachauri, chairman of the
IPCC and Nobel Peace Prize co-recipient.

in focus

has shown an accelerating rise, reaching
over 380 ppm today. The upward curve is
chiefly explained by the burning of fossil
fuels and clearing of old-growth forests.
Over the same time period, the concentra-
tion of methane, another greenhouse gas,
also rose by 148 percent, mainly due to the
expansion of mass livestock operations. If
the proportion of these gases in the atmo-
sphere continues to grow, a climatic
catastrophe can be expected.

@ One of the main problems caused by global warm-
Ing is the Increase of droughts, and with it the increas-
ing threat of famines and wildfires.




u the effects of climate change

Our blue planet is gradually growing warmer, with far-reaching conse-
quences for human life and the environment. The full extent of these
consequences cannot yet be calculated.

Climate change has begun, and it will
continue throughout the 21st century.
Under the most favorable circumstances,

according to calculations based on the

Experts currently point to a likely rise in
temperature of about 3.6-5.4°F (2-3°C),
with substantial regional differences. The
most pronounced warming is expected to

@ Many islands in the Pacific Ocean may sink into the ocean with the rising sea level.

latest models, temperatures will increase
by 3.24°F (1.8°C) by 2100, while in the
worst-case scenario they will rise by some
11.52°F (6.4°C). Much of the divergence

in the calculated scenarios depends on
the future emission levels of greenhouse
gases. At the same time, the unpredictabil-
ity of feedback effects among the climate
system’s various components makes
accurate forecasting extremely difficult.

@ For the first time in hundreds of thousands of
years, scientists expect that by 2015 the summer ice
cover may disappear because of the melting ice caps

occur in the Arctic region. There, sea ice
will disappear during summer, and Green-
land’s ice cap will melt away completely.
Sea levels are predicted to rise between
7-23 inches (18-59 cm), flooding many
coastal areas and threatening the exis-

tence of some low-lying
island nations. Worldwide,
inland glaciers will melt, per-
mafrost will thaw, deserts will
expand, vegetation zones
will shift, and tropical wind-
storms will increase in
strength. In North America,
heat waves and forest fires
will be more common, while
farmlands in South America
will become drier and saltier.
In Western Europe, precipita-
tion will increase in winter
and decrease in summer.
Around one billion people
will suffer from drinking water
shortages, and more than
one-fourth of all plant and
animal species will be
threatened with extinction.

i NOBEL PRIZE FOR CLIMATE PROTECTION

milestones

causing sea levels to rise.

climate change

@ Due to global warming, glaciers are shrinking,

GREENHOUSE EFFECT In 1896, Swedish chemist Svante
Arrhenius first calculated the warming effect on the

Earth due to rising atmospheric CO, levels.

basics

@ Al Gore is lecturing on the topic of
global warming worldwide.

CLIMATE MODELS In 1967, Japanese meteorologist
Syukuro Manabe performed the first climate model
calculations reflecting increases in CO, concentrations.

WORLO CLIMATE CONFERENCE The first world confer-
ence on climate at which scientists discussed the
greenhouse effect took place in Geneva in 1979.

Involvement in the worldwide
mobilization against climate
change is a contribution to
world peace. With this justifi-
cation, the Nobel Prize Com-
mittee honored the activities
of former U.S. Vice President
Al Gore and the UN’s climate
council (IPCC) in 2007 with
the world’s most prominent
political award, the Nobel
Peace Prize. In the same year
the documentary film An In-
convenient Truth, which
starred Gore, won an Oscar.
The film's message: Humanity
has only a few more years to
prevent climatic catastrophe.
Yet it can be done, if each in-
dividual takes personal re-
sponsibility for the effort.
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ENVIRONMENTAL
PROTECTION

Environmental protection includes all measures
intended to protect the natural environment from dam-
aging influences and to improve the quality of polluted
ecosystems. Such measures range from individual
environmentally conscious behavior to international
agreements to keep the air, water, and soil clean. One
of the most important purposes of environmental pro-
tection is the prevention of negative impacts on public
health. Furthermore, the basic essentials required by
individuals as well as society as a whole need to be con-
sidered as much as the interests of future generations.
Maintaining the basis of human life is increasingly
viewed in light of sustainability principles, both on a

national and an international level.
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polluted air

For a long time, pollutants such as carbon dioxide, carbon monoxide, and
nitrogen oxides were blown into the air without restriction. The results are
global warming, acid rain, smog, and ozone depletion in the stratosphere.

rain directly attacks the leaves and needles
of the trees, and this prevents photosynthe-
sis from working eftectively. In addition, dis-

The composition of the air has changed
significantly since the beginning of industri-
alization—unfortunately for the worse. The

of the greenhouse effect enhanced by
human activity. The process is further accel-
erated by the emission of large quantities
of chlorine compounds. As a result, the
ozone layer has developed holes that allow
dangerous UV radiation to reach the Earth
directly and unfiltered.

burning fossil fuels (such as coal and
crude oil to run power stations and motor

poliuted air | polluted water | soil erosion | loss of diversity

ENVIRONMENTAL
EXPLOITATION

Since the beginning of the industrial age, the exploitation
of the natural environment by humankind has taken a turn
for the worse. Natural resources are depleted and waste
is produced at a higher rate than the soil, air, rivers, and

solved heavy metals and aluminum leak
into the ground. Here, they poison bacteria

living in the soil and damage
the fragile root tips. Trees
can no longer effectively
take in water and nutrients.
The consequences of the
increasing acidification of
rivers and lakes include fish
dying on a large scale as
well as a reduction in biodi-
versity. The release of carbon
dioxide has also seriously

oceans can sustain.

vehicles) emits particulate matter and nu-
merous chemical compounds including
sulfur, nitrogen, and carbon oxides. Once
these compounds are released into the at-
mosphere, they react with water vapor to
create sulfuric acid and nitric acid, which
later return to the Earth’s surface in the
form of acid rain. This results in large-scale
forest decline. Forests in North America

and Europe have been especially affected.
The reason for the trees dying is that acid

O see also: Energy technology, pp. 346-353

ifires caused by droughts or human carelessness can have severe effects on the
because they release large amounts of carbon dioxide into the atmosphere.

| impacted our environment.
| By now, there is more car-
bon dioxide being emitted

""" than plants can take in and
convert into oxygen. The situation is wors-
ened by ongoing massive deforestation
and burning of tropical rain forests: the
“green lungs” of the Earth. The concentra-
tion of carbon dioxide in the atmosphere is
increasing; this is a fact that will not be
changed by the odd prevention measure.
It traps the heat emitted by the Earth and
prevents the release of heat radiation

@ The increase of ground-level ozone concentrations
leads to summer smog In congested urban areas.

into space. Global climate
change is the consequence

SMOG

Smog is a combined word derived from smoke and fog.
Winter smog is a mixture of fine particulate matter, fog,
soot, and sulfuric emis-
sions. This condition
occurs above cities and
heavy industrial areas
during atmospheric in-
versions in the winter.
Summer smag is mainly
formed by mitrogen ox-
ides and hydracarbons
emitted by motor vehi-
cles. These compounds
react with the sunlight,
which creates aggres-
sively harmful ozone.

@ In Chinese cities, pedestri-
ans often wear protective
masks against the smog.

in focus
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@ water at risk

Water is one of the most valuable resources on Earth. There should be suffi-
cient water available to cover the demands of the world population. How-
ever, there is a shortage of clean water due to the increasing pollution.

Colliding tankers, damaged platforms
and pipelines, as well as the release of
residual oil from oil tanks, are potential
causes for catastrophes. Pictures of dying
seabirds show the extent of such environ-
mental damage. Not all environmental haz-
ards are this obvious. Water pollution due
to pesticides and heavy metals, such as
mercury, lead, cadmium, and zinc, largely
remains unnoticed and can be a slow and
often invisible process. The dangerous
prior assumption that the oceans could
naturally purify themselves without limit,
doubling as dump sites for industrial and
nuclear waste, and as final disposal sites
for chemical weapons and discarded ships,
has caused possibly irreparable damage.

Not only the oceans, but many creeks,
rivers, and lakes have also suffered from
human interference. Many lakes have
become polluted due to the chemicals
added by household wastewater and the
overfertilization with phosphates in agricul-
ture. Moreover, unknown effluents from
industry and acid rain add to the acidifica-
tion of water bodies, which contributes to
the decrease of biodiversity. Pollutants

@ Excessive irrigation of farmland leads to the waste of water and
chemicals and eventually pollutes the groundwater.

accumulate in the tissue of aquatic organ-
isms that are part of the same food chain
as humans.

Groundwater deterioration

Surface water and groundwater constantly
interact with each other. Normally, ground-
water is of a higher quality than surface
water. This is due to the natural purification
process during the passage of water
through various rock layers in the ground.
However, this purification effect is limited.
In many areas, the groundwater is relatively
close to the surface and is contaminated
by nitrates from fertilizers and pesticides
leaking into the soil due to their

excessive usage in large

areas. Pollutants may also leak into

the groundwater from
contaminated sites
or local landfills.
Furthermore,

fossil water res-
ervoirs, which

have been

stored under-
ground for thou-

environmental exploitation -

@ The blowout of an oil well can cause a large oil spill
that leads to severe water pollution.

sands of years—for example,
beneath the Sahara—stand
the risk of depletion if used
extensively for irrigation or

WATER USAGE in in-
dustrialized nations
is at a daily average
of 38 gallons (145 1)
per person, while 2.2
billion people world-
wide have no access
to clean water.

industrial purposes.

)
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@ Inhabitants of rural African regions are frequently depen-

dent on handpumps for their daily water supply.
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- SOiI pO”UtiDn and er‘osion lowering the groundwater level, change

the microclimate adversely, and deprive
plants and animals of their habitat. The
flood risk increases due to the lack of
rainwater drainage pathways into the soil.
Large quantities of waste are produced

The availability of productive land suitable for cultivation is extremely impor-
tant to ensure sufficient food supply. Such land is becoming scarce due to
soil contamination and deforestation which cause soil erosion.

Today's food production is increased by
intensive agriculture and animal husbandry,
as well as the targeted use of fertilizers and
pesticides. This may not only pollute both
the groundwater and surface water, espe-
cially when used in monocultures, but
may also reduce the content of organic
compounds, as well as the number of
organisms living in the soil. As a result the
natural fertility of the soil is reduced. Areas
that have already been cultivated are often
lost forever due to overuse, waterlogging,
salinization, an<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>