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EPILOGUE 1

Polar Regions
GLOBAL PATTERNS, LOCAL LIVES

After you read this epilogue, you will be able to discuss the following
geographic themes as they relate to the five thematic concepts:

1. Environment: Climate change is transforming environments
more profoundly at the poles than at any other place on Earth.
Temperatures far above normal are melting polar glaciers and sea ice
rapidly, resulting in habitat loss for many species.
2. Globalization and Development: In the Arctic, military
spending, mining, fishing, and hunting have made up the economic
base for a long time; however, a new range of industries could
appear in the Arctic because the Arctic Ocean will likely be ice-free
in the summer by as early as 2030. The international fishing industry
has already begun to exert pressure on Antarctica, and the human
population of Antarctica may increase.
3. Power and Politics: The polar regions are a growing source
of conflict. Multiple nations with competing territorial claims are
interested in controlling the rapidly changing and increasingly
valuable lands, seas, and resources of this region.

4. Urbanization: Urban centers are few and far between in the
Arctic and completely absent in the Antarctic. Rural areas are
generally depopulating in the Arctic, as people move to the cities
or leave the region. Meanwhile, the largest Arctic cities are also
in decline due to changes in Russia’s economy; however, several
smaller Scandinavian cities are growing because of renewed interest
in the area.
5. Population and Gender: Polar populations are stable on the
whole, with population growth in Scandinavia and North America
balancing population decline in Russia. Human development
is generally lower in the Arctic regions of countries, relative to
national averages. There is also a complex gender imbalance at
the poles.

The Polar Regions
Despite their remote locations and few human inhabitants, the
polar regions (including the Arctic and Antarctica) are undergoing
changes of all types at an accelerating rate (FIGURE E1.1). Climate
change is transforming areas once covered in ice into open ocean
and land, bringing interest both in trade across potentially more
navigable seas and in resource extraction from newly exposed
land. Politics are also shifting as nations compete for control of
these rapidly changing regions. The indigenous populations, long
accustomed to adapting to harsh environments, face not only
shifting climates but a greater presence of national governments
and corporations.

Scott Wallace/Hulton Archive/Getty Images

GEOGRAPHIC THEMES

Mikkel scans the hills of
Finnmark County, Norway, for signs of his herd of 600 reindeer
(FIGURE E1.2). Some of the young have not been getting enough
to eat, and with this February’s temperatures dropping down
to 5°F (−15°C) in the mornings, he may have to bring some
home with him to nurse them back to health. The cold brings
more work but is actually a blessing after years of unusually
warm winters, which have reduced the availability of lichen and
moss that reindeer graze on. Spying a group of reindeer about
to enter into some woods, Mikkel jumps on his snowmobile,
hoping to head them off before they encounter the lynx and
wolverines, hiding among the trees, who have killed 20 of his
herd just this year.
Lately, Mikkel worries less about climate change and
predators than about all the new development in Finnmark
County. The government recently approved a new open-pit
copper mine, the owners of which plan to dump mine waste
into a nearby fjord where some of Mikkel’s friends fish for
salmon. Meanwhile, new windmill farms are occupying areas
where reindeer used to give birth to calves and graze. There
are also more tourists eager to experience the Arctic (which has
brought new roads and resorts that take away herding land),
retirees who gather wild berries that Mikkel’s family depends
on, and hunters who kill wild birds that Mikkel must now work
harder to hunt.

F I G U R E E 1 . 2 Sami reindeer herding in northern Norway.
With warmer temperatures reducing their herd’s access to food,
and with more land taken for new industrial development and
tourism, many Sami reindeer herders are concerned that their way
of life is threatened.
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Mikkel takes a dim view of the tourist industry’s appropriation of the culture of his people, the indigenous Sami, who
spread across northern Norway, Sweden, Finland, and Russia.
While Mikkel and his kin struggle through the cold, barely
getting by in some years, tours advertise a happy, carefree
image of Sami life, with trips on sleds drawn by reindeer driven
by Sami guides, some of whom aren’t actually Sami. Christmas
brings further annoyance, as the town of Rovaniemi, Finland
(located just south of the Arctic Circle), advertises itself as the
“Official Hometown of Santa Claus,” with pageantry in which
Santa’s helpers are dressed in imitations of Sami dress (worn by
non-Sami) and imitations of Sami crafts are sold in gift shops,
alongside playing cards depicting Sami as drunken fools. [Sources:
Intelligent Life Magazine; IPinCH; the Guardian. For detailed source
information, see Text Sources and Credits.] ■

What Makes the Arctic and Antarctic Regions?
The Arctic is most often defined as the areas north of the Arctic
Circle, where the Sun never sets for part of the summer and
never rises for part of the winter. Some consider the Arctic to
be the area where the average temperature for the warmest
month is below 50°F (10°C), as indicated by the red line on
the map (see E1.1). Humans have occupied the Arctic for more
than 40,000 years, mostly as nomadic hunters and gatherers
operating on land, sea, or both. The Arctic lands are all part of
larger countries with populations and governments centered in
the south. Only a few large Arctic cities were built as military
outposts, as service providers for extractive industries, and as
centers for government administration. The Antarctic, the
Southern Hemisphere’s counterpart to the Arctic, is usually
defined by the continent of Antarctica. There is no indigenous
human population, and its current inhabitants are a few thousand scientists who live at scattered research outposts for a few
months or years at a time.

PH YSICA L G EO G R AP H Y
The intense cold of the polar regions result in ice caps that
cover much of the Arctic Ocean and Antarctica. Arctic landforms are highly varied, centered on an ocean surrounded by
coastal lowlands and a few mountain ranges. The tallest of
the mountains are in Greenland, where they reach as high as
12,119 feet (3694 meters). There are 12 major river systems
that drain into the Arctic Ocean, some of which drain vast areas
south of the Arctic Circle. The largest Arctic rivers are found
in Russia, where the Yenisei River has a larger discharge than
the Mississippi River. Parts of the coastal Arctic are known for
a landform called the fjord, a long, narrow inlet formed by glacial erosion (FIGURE E1.3). Fjords are most common in northern
Scandinavia, Greenland, Alaska, and northern Canada; there
are also a few in Antarctica.
Antarctica has a similarly wide range of landforms.
Underneath a sheet of ice that averages about 1 mile (1.6 kilometers) thick, Antarctica is a complex
fjord a long, narrow inlet formed by
archipelago of islands. There are a
glacial erosion
few ice-free areas near the coast that

Paul Nicklen/National Geographic/Getty Images
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F I G U R E E 1 . 3 A fjord in Norway during the winter.

together make up about 2 percent of Antarctica. The Antarctic
ice cap holds roughly 90 percent of the world’s ice and 70 percent
of its fresh water. With so much water locked in the form of ice,
there are few rivers in Antarctica, and the longest runs for just
under 20 miles (32 kilometers). Antarctica’s tallest mountain,
Mount Vinson, reaches 16,050 feet (4892 meters).
Polar climates are characterized by extremely low solar
radiation and relatively little precipitation. Because the waters
of the Arctic Ocean never get below 28°F (−2°C) and rarely
above 46°F (8°C), they give the Arctic a more moderate climate, with warmer winters relative to some places to the south.
In fact, the lowest temperatures in the Northern Hemisphere
are in the area between Verkhoyansk and Oymyakon in northern Russia (well south of the Arctic Circle), where the average daily low temperatures are below −53°F (−47°C) from
December through February. In Antarctica, the continent’s
landmass and ice cap cool down more severely in the winter,
resulting in the lowest temperatures ever recorded on Earth
(−128°F, −89°C).

CLIMATE AND VEGETATION
Bitter cold, snow and ice, lack of sunlight, and lack of moisture
severely limit vegetation in the polar regions. Arctic vegetation
varies between mixed taiga and tundra (see Chapter 5) to pure
tundra and Arctic desert. Soil that is permanently frozen a few
feet below the surface (permafrost) limits the growth of trees and
other plants with deep roots. The vegetation is mostly lichen
and mosses that stay close to the ground to conserve warmth
and moisture and can survive more than a year of being covered
by snow. Antarctica has vegetation only on the 2 percent of its
area that is free from snow and ice and where only a few grasses,
lichens, and mosses survive. Despite holding so much of Earth’s
water, Antarctica is a desert; most of its interior areas receive
only 2 inches (5 centimeters) of precipitation each year, less
than the Sahara.
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Environment: Climate change is transforming environments more profoundly

Paul Nicklen/National Geographic/Getty Images

The increase in the intensity of climate change at the poles
is called polar amplification, which scientists think is related
mainly to reductions in sea ice and snow cover. Perhaps the
most noticeable effect of climate change is the increase in Arctic
temperatures and the resultant melting of Arctic sea ice, which
has decreased by roughly 8 percent in the past 30 years. Recent
research suggests that the Arctic Ocean may be ice-free during
summers by as early as 2030. These changes are already challenging some Arctic species that hunt or give birth on the ice, such
as polar bears, walruses, certain kinds of seals, and some seabirds.
Algae are also being affected; some native species are giving way
to invaders from the south, which has some oceanographers concerned because algae are the foundation of Arctic food chains.
With regard to temperatures and melting, the situation is
more complex in Antarctica than in the Arctic. Recent studies
suggest that while overall temperatures are increasing on land
and in the seas, ice and snow are melting in some places and
accumulating in others (FIGURE E1.4). Temperatures are increasing
in the seas surrounding Antarctica, in west Antarctica, and on the
Antarctic peninsula, where coastal ice over land is melting and
sea ice is now present for shorter times each year. However, in
eastern Antarctica, temperatures on land are actually declining
and sea ice is increasing. Recent research by NASA suggests that
temperatures are rising in the continental interior of Antarctica.
This is increasing the potential for the air to hold moisture,

F I G U R E E 1 . 4 Scientists measure the sea level at Antarctica’s
Ross Sea. While most sea level rises predicted for the near future are
caused by thermal expansion of the oceans, sea levels could rise 200
feet (60 meters) if Antarctica’s massive glaciers were all to melt.

Paul Nicklen/National Geographic/Getty Images

at the poles than at any other place on Earth. Temperatures far above normal
are melting polar glaciers and sea ice rapidly, resulting in habitat loss for many
species.

F I G U R E E 1 . 5 Emperor penguins dive beneath sea ice in
Antarctica. Emperor penguins live only in Antarctica and are proving extremely sensitive to climate change. In warmer years, declines
in sea ice—the penguins’ ideal hunting habitat—have resulted in
widespread starvation among the penguins. In colder-than-normal
years, few penguin chicks hatch.

resulting in higher snowfall that may be offsetting the loss of
ice along the coast, contributing to an overall gain of ice on the
continent.
As a result of these changes, Antarctic species that breed and
hunt on sea ice, such as several types of penguin, will decline
in some areas and possibly increase in others (FIGURE E1.5). In
the seas surrounding Antarctica, rising temperatures have more
uniform impacts, such as reductions in krill, the tiny crustaceans
on which whales, seals, penguins, and fish feed. This is already
resulting in declining seal populations in some areas.
Climate change at the poles may also result in increased
greenhouse gas (GHG) emissions because methane, a powerful
GHG, is released when permafrost thaws and polar oceans warm.
Some studies estimate that the amount of methane trapped in
permafrost under the polar oceans and frozen in the oceans (as
methane hydrates) could be large enough to trigger much more
rapid warming of Earth’s climate if released. Dramatic increases
in methane release from the Arctic
polar amplification the increase in
have been documented in recent
the intensity of climate change at the
years, though some studies suggest
poles
that certain bacteria in permafrost
krill tiny crustaceans that whales, seals,
soils on land can consume some of
penguins, and fish feed on
this methane.

THINGS TO REMEMBER
• Environment Climate change is transforming environments more profoundly at the poles
than at any other place on Earth. Temperatures far above normal
are melting polar glaciers and sea ice rapidly, resulting in habitat
loss for many species.
GEOGRAPHIC
THEME 1

Copyright ©2017 W.H. Freeman Publishers. Distributed by W.H. Freeman Publishers. Not for redistribution.

Puls7e_EpilogueWSR_658-676_v4.indd 661

22/11/16 2:57 pm

662

EPILOGUE 1

Polar Regions

• The Arctic is most often defined as the areas north of the
Arctic Circle, where the Sun never sets for part of the summer
and never rises for part of the winter. Some consider the Arctic
to be the area where the average temperature for the warmest
month is below 50°F (10°C).
• The Antarctic, the Southern Hemisphere’s counterpart to the
Arctic, is usually defined by the continent of Antarctica.
• Bitter cold, snow and ice, lack of sunlight, and lack of moisture severely limit vegetation in the polar regions.

Paul Sutherland/National Geographic/Getty Images

• The increase in the intensity of climate change at the poles is
called polar amplification, which scientists think is related mainly
to reductions in sea ice and snow cover.

GLOBA LIZA TIO N A ND D EVEL O P M ENT
GEOGRAPHIC THEME 2

Globalization and Development: In the Arctic, military spending, mining,
fishing, and hunting have made up the economic base for a long time; however,
a new range of industries could appear in the Arctic because the Arctic Ocean
will likely be ice-free in the summer by as early as 2030. The international fishing industry has already begun to exert pressure on Antarctica, and the human
population of Antarctica may increase.

Warming at the poles may bring more potential for economic
development from large-scale operations, particularly new mining
or energy (mainly oil and natural gas) operations that will be better able to navigate polar oceans that will not be clogged by sea
ice and build roads to areas that will no longer have impassable
deep snow or glaciers. Ice-free shipping routes through the Arctic
Ocean have long been sought after because they offer shorter
travel distances between the Atlantic Ocean and Pacific Ocean,
requiring as much as 40 percent less fuel than current sea routes
involving the Suez or Panama canals. However, the persistence of
summer sea ice until at least 2030, along with the infrastructure
needed to support Arctic Ocean shipping routes, means that the
routes are not likely to be in service until 2040 (FIGURE E1.6).

Sovfoto/UIG via Getty Images

F I G U R E E 1 . 6 A nuclear-powered ice breaker cuts a path
through the Kara Sea for a convoy of ships.

F I G U R E E 1 . 7 One of the thousands of fishing vessels active
in the Southern Ocean. Species like the Patagonian toothfish
(marketed as Chilean sea bass) are severely overfished. Tiny shrimp
known as krill, which are used in fish farms and health food supplements, are also being overfished.

Climate change is also making development and even survival more difficult for smaller-scale operations. Many people
who hunt, fish, or herd in the Arctic are having a much more
difficult time as species move to new areas and as new techniques to exploit them are required by warmer temperatures. For
example, some hunting grounds once accessible year-round by
snowmobiles now require expensive paved roads for part of the
year, especially during the spring thaw that turns unpaved roads
into impassable mud pits (see Chapter 5 for a discussion of the
rasputitsa).
Antarctica is also experiencing more pressure for resource
extraction. The international fishing industry is rapidly increasing
its catches in the Southern Ocean, though this is mostly due to
a growing global demand for fish, not due to changes related to
the rise in temperatures (FIGURE E1.7). Meanwhile, larger human
populations in Antarctica could develop with the renegotiation of
the Antarctic Treaty of 1959, which currently bans all resource
extraction. The treaty won’t be formally reviewed until 2048, but
more than 30 countries are already building up research presences on the continent, hoping to secure claims to mineral and
energy resources once they become available. These resources
include oil, natural gas, and a wide variety of metallic ore deposits
located along the Antarctic coastline.
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THINGS TO REMEMBER

THINGS TO REMEMBER

• Globalization and Development In the
Arctic, military spending, mining, fishing, and
hunting have made up the economic base for a long time;
however, a new range of industries could appear in the Arctic
because the Arctic Ocean will likely be ice-free in the summer by
as early as 2030. The international fishing industry has already
begun to exert pressure on Antarctica, and the human population
of Antarctica may increase.

• Power and Politics The polar regions are a
growing source of conflict. Multiple nations with
competing territorial claims are interested in controlling the
rapidly changing and increasingly valuable lands, seas, and
resources of this region.

GEOGRAPHIC
THEME 2

• Larger human populations could develop in Antarctica with
the renegotiation of the Antarctic Treaty of 1959, which currently bans all resource extraction but will be formally reviewed
in 2048.
• Climate change is making development and even survival
more difficult for smaller-scale operations.

PO WER A ND PO L IT ICS
GEOGRAPHIC THEME 3

Power and Politics: The polar regions are a growing source of conflict.
Multiple nations with competing territorial claims are interested in controlling
the rapidly changing and increasingly valuable lands, seas, and resources of this
region.

Eight states have territorial claims in the Arctic, and all are
members of an intergovernmental forum known as the Arctic
Council. Established in 1996 to promote cooperation, coordination, and interaction, the Arctic Council specifically avoids
geopolitical and security issues, which may limit its utility in
the future. One source of contention is the provisions of the
United Nations Convention on the Law of the Sea (UNCLOS,
see Chapter 11), which allows for countries to claim exclusive
economic development rights for 200 miles (322 kilometers)
out from their coastlines. Currently there are disputes between
Canada, Denmark, Russia, and the United States over several
islands and the surrounding seas to which UNCLOS would
grant owner’s rights.
The Arctic has a long history of strategic and war-related
activity, and all Arctic nations are expanding their military presence here. The largest Arctic cities all have a significant military component to their economy, and even the most remote
parts of the Arctic had some level of military activity during
the Cold War between the United States and the Soviet Union.
This included testing of nuclear weapons, constant patrols
by nuclear-armed jets and submarines, and extensive military
exercises.
Antarctica has a whole different set of nations with territorial
claims, several of which overlap (FIGURE E1.8). While formal military operations are not allowed, according to the Antarctic Treaty
of 1959, more than 30 national militaries help maintain their
home countries’ research stations (FIGURE E1.9).

GEOGRAPHIC
THEME 3

• All Arctic nations are expanding their polar military presence.
The Arctic has a long history of war-related activity.

U RBANIZ A T I O N
GEOGRAPHIC THEME 4

Urbanization: Urban centers are few and far between in the Arctic and
completely absent in the Antarctic. Rural areas are generally depopulating in
the Arctic, as people move to the cities or leave the region. Meanwhile, the
largest Arctic cities are also in decline due to changes in Russia’s economy;
however, several smaller Scandinavian cities are growing because of renewed
interest in the area.

Throughout the Arctic, many indigenous people are moving to
cities as their livelihoods, which have been based on hunting,
fishing, or herding, have become more difficult because of climate change.
The largest Arctic cities are in Russia, and were founded
at the direction of the government in Moscow in the twentieth
century to fulfill both strategic and resource-extraction needs.
The biggest is Murmansk (population 300,000), which was created by the Russian Empire in 1915 as an ice-free port that would
enable Russia’s allies in World War I to supply it with military
equipment and ammunition (FIGURE E1.10). Still a major military
outpost, Murmansk’s population has plummeted since the fall of
the Soviet Union, as the government has been less able to support
the city’s industries. People are also leaving Norilsk (population
175,000), a city that was founded in the late 1920s as a state-run
mining gulag camp that depended on prisoners supplied by the
government for much of its labor. Vorkuta (population 70,000)
was started in the 1930s as a coal-mining gulag camp and is also
shrinking.
The largest Arctic city outside of Russia is Tromsø, Norway
(population 72,000), which was a fortress town at least 1000 years
ago, populated by Vikings and Sami. In contrast to the Arctic cities
in Russia, Tromsø and other Arctic cities in Scandinavia are growing moderately due to increased government and private investment in Arctic resource extraction. The Finnish city of Rovaniemi
(population 61,000), which lies just 6 miles (10 kilometers) south
of the Arctic Circle, is an administrative and commercial center
for Finland’s Arctic. Both Tromsø and Rovaniemi have major
universities and government agencies. Outside of Russia and
Scandinavia, the next largest Arctic
town is Barrow, Alaska (population
gulag camp a settlement set up by
the central government of the USSR, in
4000), which serves the surrounding
which prisoners were sent to state-run
oil and gas industry on the north
enterprises to provide labor
slope of Alaska.
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F I G U R E E 1 . 8 Territorial claims on Antarctica.

THINGS TO REMEMBER
• Urbanization Urban centers are few and far
between in the Arctic and completely absent in
the Antarctic. Rural areas are generally depopulating in the Arctic,
as people move to the cities or leave the region. Meanwhile, the
largest Arctic cities are also in decline due to changes in Russia’s
economy; however, several smaller Scandinavian cities are
growing because of renewed interest in the area.
GEOGRAPHIC
THEME 4

PO PU LATIO N AN D G E ND E R
GEOGRAPHIC THEME 5

Population and Gender: Polar populations are stable on the whole, with
population growth in Scandinavia and North America balancing population
decline in Russia. Human development is generally lower in the Arctic regions
of countries, relative to national averages. There is also a complex gender
imbalance at the poles.

The Arctic is home to roughly 2.5 million people, most of whom
live in Russia. Here populations are declining due to emigration
of urbanites who came to the Arctic in the twentieth century

(mainly from western Russia). Indigenous populations, though,
are growing throughout the Arctic because of their relatively high
childbirth rate. For example, women in Nunavut, Canada, give
birth to 3 children, on average.
The gender imbalance in the polar regions is complex. Arctic
North America, Greenland, and Scandinavia generally have more
men than women, while the Russian Arctic has more women
than men. Antarctica has many more men than women, due
to male dominance in the scientific disciplines practiced at the
research stations there.
In almost every case, Arctic places have an above-average ratio
of men to women with respect to national averages. For example,
the gender ratio is 94:100 (94 males for every 100 females) in
Murmansk, Russia, while in Russia as a whole the gender ratio is
86:100. The tendency for Arctic areas to have above-average male
populations is usually explained by its economic base in resourceextraction industries, which tend to employ more men, as well
as by more traditional patriarchal power structures, which extend
male dominance into higher-paying government and service sector
jobs. These factors tend to encourage women seeking more opportunities for education and career advancement to migrate (Russia’s
lower ratio of men to women, relative to other parts of the Arctic,
is related to higher mortality of men due to cardiovascular disease,
work-related hazards, and higher rates of alcoholism and suicide).
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Sociocultural Issues

Hulton Archive/Getty Images

F I G U R E E 1 . 1 0 Reindeer racing at a winter festival
in Murmansk, Russia.

F I G U R E E 1 . 9 The Amundsen-Scott South Pole Station. Just
outside the dome-shaped Amundsen-Scott station—a U.S. research
station—fly the flags of the first countries to sign the Antarctic Treaty
of 1959, which bans all military and resource extraction–related
activity, making the continent a scientific and nature reserve.

Among indigenous populations that consume large
amounts of Arctic fish, environmental pollution may also be
introducing a gender imbalance, with twice as many girls as
boys being born in some villages. Studies suggest that chemicals used all over the world in pesticides, electrical transformers, and flame retardants act as endocrine disruptors that, when
they reach high enough concentrations, mimic human hormones that switch the gender of a fetus from male to female
during pregnancy. These chemicals become concentrated in
Arctic fish through several linked processes. First, they make
their way to the Arctic through wind and ocean currents.
Then, a process of bioaccumulation takes place as organisms
absorb the toxins faster than their bodies can excrete them. On
an ecosystem scale, a process called biomagnification occurs
as the concentration of toxins increases at successive levels of
the food chain. For example, PCBs, a toxic class of chemicals
used in electrical equipment, exist in fairly low concentrations
in the bodies of Arctic plankton, but the smaller fish that eat
the plankton have much higher concentrations, the larger fish

that eat the smaller fish have even higher concentrations, and
the humans who eat the larger fish have the highest concentrations of PCBs. The gender imbalbioaccumulation a process in which
ance that endocrine disruptors are
organisms absorb toxins faster than
introducing to some indigenous
their bodies can excrete them
Arctic communities is renewing
biomagnification a process in which
efforts to make governments reguthe concentration of toxins increases at
late the use of chemicals more
successive levels of the food chain
carefully.

THINGS TO REMEMBER
• Population and Gender Polar populations
are stable on the whole, with population growth
in Scandinavia and North America balancing population decline in
Russia. Human development is generally lower in the Arctic
regions of countries, relative to national averages. There is also
a complex gender imbalance at the poles.
GEOGRAPHIC
THEME 5

• The Arctic is home to roughly 2.5 million people, most of
whom live in Russia, where populations are declining due to the
emigration of urbanites who came to the Arctic in the twentieth
century, mainly from western Russia.

S O CIO CU L T U R A L I SSU E S
The vignette at the beginning of this epilogue hints at some of
the issues facing indigenous people in this vast, sparsely populated
region. Climate change is just one of many threats to indigenous
cultures, which for more than 500 years have endured many
unwelcome influences of national governments, corporations,
tourists, and other outsiders. Visitors often come to the Arctic with
grand designs that overlook or are openly hostile to the people
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who have lived there for tens of thousands of years. For example,
Norway had a policy of Norwegianization from 1850 to the 1980s
that was aimed at destroying Sami culture. The Sami languages
were made illegal, Sami lands were confiscated, and knowledge
of the Norwegian language was required to buy or lease land.
Norwegianization was gradually abandoned in the 1980s, and a
Sami parliament was established in 1989 with authority to distribute funds designated for the preservation of Sami culture. Even
so, discrimination against Sami persists and many Norwegians
strongly oppose efforts to elevate the Sami languages to an equal
status with Norwegian even in areas where Sami live in large
numbers.
Russia’s indigenous populations have suffered brutal repression, displacement, and forced abandonment of their nomadic
lifestyle at the hands of successive Russian governments over the
past 500 years. During Imperial Russia’s c olonization of Siberia
(1580 to the late 1700s), several czars waged genocidal wars
against Arctic peoples, often wiping out entire cultures. The
groups that were left were severely reduced in number and had
much of their land taken from them by Russian colonists from the
west. Only the most remote and warlike, such as the Chukchi of
the far eastern Arctic, were able to maintain their independence.
During the Soviet era, many nomadic hunters and gatherers were
displaced by mining and other extractive industries and forced
onto collective farms and reindeer ranches. Their children were
sent to boarding schools in Moscow and St. Petersburg, where
many of them died of illness. In the post-Soviet era, many collective farms have closed as the oil and gas industry has expanded
further into reindeer herding lands.
Arctic indigenous peoples in North America have a similar
history of facing systematic abuse and repression by successive
governments. Imperial Russia claimed possession of Alaska from
the 1780s until 1867, during which time many native peoples
were forced into slavery by Russian fur traders. After the United
States purchased Alaska from Russia in 1867, whaling in the
North American Arctic increased, reducing access to an important source of food for many Arctic indigenous peoples, who
faced periodic starvation. Influxes of foreign whalers, miners, fur
traders, and missionaries also introduced diseases such as measles
and influenza, which were deadly to Inuit populations in Alaska

and the Canadian Arctic and could kill more than 30 percent of
a community in a single epidemic.
Missionaries considered most indigenous cultures to be
savage and in need of “civilizing.” With the assistance of the
government, hundreds of thousands of children, both in the
Arctic and the rest of North America, were forcibly removed
from their families and sent to boarding schools, where they were
encouraged to abandon all aspects of their native culture. These
schools, established in the late nineteenth and early twentieth
centuries, were renowned for physical abuse as well as for having
such low-quality health care that deadly epidemics killed thousands of children.
The long history of oppression and dehumanization of indigenous people suggests that they will remain on a semi-impoverished
periphery in the era of heightened interest in Arctic resources. In
addition, the many changes that climate change is already bringing are stressing Arctic indigenous cultures to the breaking point.
As Aili Keskitalo, the first female president of Norway’s Sami
Parliament put it, “We are used to having to adapt. But we cannot
adapt ourselves to death.”

ON THE BRIGHT SIDE

Conservation efforts at the poles are being
strengthened. In the Arctic, the United States, Canada, Greenland,
Norway, and Russia created a conservation plan for polar bears in
2013 that addresses threats from shipping, oil and gas exploration,
and military conflict. In 2015, Russia took steps to protect wild
salmon fishing areas in its far east. In 2013, the U.S. government
protected large areas of bird habitats in northern Alaska from oil
and gas development. In Nunavut, Canada, a new marine reserve
for whales was created in 2011. Additions to the Antarctic Treaty
that have been in effect since 1998 are designed to protect the
seas around Antarctica from overfishing and pollution. ■

THINGS TO REMEMBER
• The long history of oppression and dehumanization
of indigenous people suggests that they will remain on a
semi-impoverished periphery in the era of heightened interest
in Arctic resources.

Critical Thinking Questions
1. How could climate change at the poles influence your life, and
how could your life influence climate change at the poles?

4. What are the differences between large cities in Russia and
Scandinavia?

2. What new industries are increasing their presence in the Arctic
and why?

5. What factors contribute to the complex polar gender imbalance?

3. Why are conflicts over the Arctic growing?

6. What common experiences have Arctic indigenous people endured
over the past several centuries?

Epilogue 1 Key Terms
bioaccumulation 665
biomagnification 665

fjord 660
gulag camp 663

krill 661
polar amplification 661
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Space
GEOGRAPHIC THEMES
After you read this epilogue, you will be able to discuss the following
geographic themes as they relate to the five thematic concepts:

1. Environment: The proliferation of human-made satellites orbiting
Earth provides a greater understanding of this planet and the solar
system, but also brings hazards that are complicating further space
use and exploration. Over the long term, there are also significant
threats to Earth’s ecosystems from space, such as impacts from large
asteroids or comets, which have caused mass extinctions of species
throughout Earth’s history.
2. Globalization and Development: The range of commercial
activity in space is expanding from satellite-based enterprises
to include space launching and asteroid mining. These activities
will continue to propel space exploration for the foreseeable
future.
that no parts of outer space can be claimed as national territory,
there is disagreement over the rights of individuals or corporations
to own property in space. National militaries have played a central
role in space exploration, and agreements to limit the use of
weapons of mass destruction (including nuclear weapons) have
not limited the militarization of space.

4. Urbanization: The challenges of life in the harsh environment
of space mean that urban settlements not on Earth are distant
prospects. However, the use of space-based remote sensing
technologies to better understand urban processes on Earth and to
help cities adapt to change is a well-developed and growing field
within geography and related disciplines.

NASA

3. Power and Politics: While all spacefaring nations have agreed

F I G U R E E 2 . 1 (A) Objects orbiting Earth. Ninety-five percent of the
objects orbiting Earth that are currently being tracked by NASA are space
junk, or nonfunctional satellites. In this computer-generated image, the
white dots represent the objects. (The dots are not to scale and are much
smaller relative to Earth in real life.) The crowded region closest to Earth,
is called low Earth orbit (LEO), and lies between 99 miles (160 kilometers)
and 1243 miles (2000 kilometers) above Earth.

5. Population and Gender: While it is not yet clear that a longterm, sustained human population is possible in space, observation
of Earth from space has been providing insights into population
issues for decades. There is also a significant gender gap in space
exploration and research.

Given the increasing environmental and social stresses on Earth,
it’s no surprise that space exploration has captured the imagination
of generations of humans. Research suggests that there are many
valuable resources in space and possibly billions of planets in our
galaxy that can support life. However, vast regions of space are
hostile to human life, and a wide range of obstacles complicate
adaptation to this new frontier. Nevertheless the parts of outer
space closest to Earth are already highly utilized, with thousands of
satellites having been launched into orbit. This region is now central
to our understanding of processes on Earth, the management of
global communications, and the conduct of war (FIGURE E2.1)

STR/AFP/Getty Images

Outer Space

(B) A rocket booster that fell to Earth without burning up and
landed in Vietnam. Most pieces of space junk are much smaller.
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GLOBAL PATTERNS, LOCAL LIVES On June 8, 1985, two days
after being hurtled into space in their Soyuz spacecraft, Russian
cosmonauts Vladimir Dzhanibekov and Viktor Savinikh found
themselves floating into the dark and frozen Salyut 7 space station (FIGURE E2.2). Searching around with their flashlights, they
found the crackers and salt tablets left by the previous crew,
a utilitarian expression of the traditional Russian greeting ceremony in which important or beloved guests are welcomed with
a large round loaf of bread, symbolizing wealth, and a dish of
salt, symbolizing protection. The salt was particularly relevant in
this situation. Of the 181 people who had ventured into space by
1985, five had died, making a cosmonaut’s job more dangerous
than service in most military combat units.
Dzhanibekov and Savinikh faced a particularly precarious
mission this day. Salyut 7 had lost all power and communications
systems 4 months ago and was drifting out of its orbit. Their job
was to find out what had gone wrong, fix it, restore the station
to operation, and prepare it for the next crew. While inspecting the frozen station, the cosmonauts had to work short shifts
due to the absence of ventilation, which created a risk of carbon
dioxide poisoning from their own exhaled breath. Eventually, the
cause of the power loss was found—a faulty battery charger for
Salyut 7’s solar power system—which was easily mended.
Despite its mechanical problems, Salyut 7 was the most
advanced and comfortable of all the Soviet space stations, with a
dining table, an electric oven, a refrigerator, utensils and dishes,
and the best food of any Soviet mission, consisting mostly of
freeze-dried dishes that could be rehydrated with hot or cold
water. Nevertheless, living quarters were somewhat cramped,
with 3178 cubic feet (90 cubic meters) of living space (roughly
half the size of a small mobile home), especially compared to the
current International Space Station (ISS), which is the size of a
six-bedroom house. With no laundry, cosmonauts wore the same
underwear for several days in a row, after which it was jettisoned
out the waste hatch and descended toward Earth, burning up
on reentry. Bathing was restricted to monthly sponge baths, during which elaborate precautions were taken to contain water
droplets in zero gravity, as the droplets could easily damage the
station’s electronics.
As with all Soviet stations, Salyut 7 had elaborate cameras for
photographing phenomena on the surface of Earth and relatively
little equipment for observing astronomic phenomena. Its many
observations of Earth were celebrated in the Soviet media for their
contributions to oil and gas exploration, agriculture, Earth science,
geospace the region of outer space
closest to Earth, including the upper
and mapping, and were estimated
atmosphere and extending out 40,000
to have had a substantial economic
miles (65,000 km), to the farthest
impact. Direct observations of Earth
reaches of Earth’s magnetic field
by the cosmonauts themselves were
interplanetary space the region of
also considered highly valuable, and
space between the Sun and planets of
the crew kept an elaborate log of
our solar system
everything they saw from the station.
interstellar space the region of space
Salyut 7 achieved many “firsts” in
between our solar system and others
space.
Shortly after its launch in 1982,
within the Milky Way galaxy
it
became
home to the first flowerintergalactic space the region of
ing
plants
in space, the first Indian in
space between the Milky Way galaxy
and other galaxies
space, and the first woman to go on a

Sovfoto/UIG via Getty Images
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F I G U R E E 2 . 2 Cosmonauts aboard the Salyut 7 spacecraft
in 1982.
spacewalk (who also performed the first welding in space). Salyut 7
was the first Soviet space station to have a system for digitally
sending images back to Earth from orbit, instead of relying on cosmonauts to bring back exposed film, which made its observational
capabilities much more useful.
After its last manned mission in 1986, Salyut 7 was placed into
a high “storage” orbit, from which it would be retrieved for later
use. However, the economic and political disruptions surrounding the fall of the USSR resulted in several cancelled missions.
Meanwhile, higher-than-expected discharges of solar particles from
the Sun created solar wind drag that started Salyut 7 on a descent
toward Earth, where it burned up in the atmosphere, scattering
debris over the town of Capitán Bermúdez, Argentina, in 1991.
The story of Salyut 7 captures the difficulties of life in space
and the persistence of humans in attempting to overcome these
difficulties. It highlights the importance of space as a platform
for observing Earth, as well as the ways that events on Earth can
wreak havoc with even the best-laid plans for space exploration.
[Sources: The Space Review; astronautix.com; and arstechnica.com. For
detailed source information, see Text Sources and Credits. ■

What Makes Outer Space a Region?
Outer space is the area between Earth’s atmosphere and all other
objects in the universe. Strictly speaking, asteroids, planets, and
stars are not part of outer space, but rather are contained within
it. However, these and other celestial objects are treated as part of
outer space in this epilogue.
Outer space is usually broken down into several regions.
Geospace is the region of outer space closest to Earth. Geospace
includes the upper atmosphere and extends out 40,000 miles
(65,000 km), to the farthest reaches of Earth’s magnetic field.
Interplanetary space exists between the Sun and planets of our
solar system; interstellar space exists between our solar system and
others within our galaxy (the Milky Way); and intergalactic space
exists between our galaxy and other galaxies. So far, humans have
left geospace only on the missions to the Moon.
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Types of Satellites

PH YSICA L G EO G R AP H Y

ENVIRO N ME N T

A less hospitable environment than outer space is hard to
imagine. Intense cold of −454°F (−270°C) is combined with
extremely low pressure, approaching a perfect vacuum, that
would suck all the air from a human being’s lungs, causing
them to pass out within 15 seconds and most likely die within
60 seconds. And yet direct sunlight can create temperatures of
250°F (121°C) on the surface of objects such as the Moon or
a space vehicle facing the Sun. Outside a space station orbiting Earth, radiation from the Sun is so intense that bare skin
would burn immediately in space after microseconds, likely
resulting in skin cancer. Tiny bits of rock, metal, and other
solid material, called meteoroids, are another hazard in outer
space. Often created by collisions between larger objects, tiny
meteoroids can travel at thousands of miles per hour in space,
potentially ripping through human skin and leaving space
vehicles covered with tiny impact craters. There is also very
little gravity in space, resulting in a bewildering array of complications to daily life, even when one is shielded from other
space hazards.

SPACE WEATHER

Science & Society Picture Library/Getty Images

The Sun and other stars are constantly ejecting charged particles that form a gaslike plasma that can conduct electricity and
respond to magnetic fields. The Sun’s emission of these particles
is known as solar wind, which is thrown out at millions of miles
per hour, reaching far beyond the orbits of the most distant
planets in the solar system. Earth is largely shielded from the
solar wind by its magnetic field, also called the magnetosphere
(FIGURE E2.3). Some particles get through the magnetosphere and
light up the sky near poles, creating the northern and southern
lights and occasionally disrupting electric power-delivery systems.
Solar wind is lethal to terrestrial life, and all celestial objects without strong magnetic fields are bombarded by this form of intense
radiation. All spacecraft are designed to provide shielding, but
the most intense solar winds still penetrate, increasing the risk of
radiation sickness and cancer among space travelers.

F I G U R E E 2 . 3 Artist’s rendition of Earth’s magnetic field.
Satellite is shown in orbit and is not to scale.
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Environment: The proliferation of human-made satellites orbiting Earth
provides a greater understanding of this planet and the solar system, but also
brings hazards that are complicating further space use and exploration. Over
the long term, there are also significant threats to Earth’s ecosystems from
space, such as impacts from large asteroids or comets, which have caused mass
extinctions of species throughout Earth’s history.

A satellite is any object in space that orbits another object
of greater mass. Earth’s moon is a natural satellite, and over
8000 artificial satellites have been launched into orbit in order
to provide important information to people on Earth. Satellites
and the information they can provide about Earth itself, and to
a lesser degree about outer space, have been the primary focus
of all space programs. About half of all satellites launched since
1957, when the USSR launched the first satellite into orbit, have
been for military purposes; the other half have been for civilian
purposes. Until the late 1990s, most satellites were launched for
military and civilian government purposes, but civilian commercial satellite launches have increased dramatically in the last few
years and may outnumber all other types of launches in coming
decades (FIGURE E2.4). The Soviet Union (and later, Russia) has
launched just under half of all satellites, and the United States
has launched around a quarter.

TYPES OF SATELLITES
Roughly a quarter of all satellites launched provide remote sensing services to national militaries. These “spy satellites” gather
a wide array of visual, photographic, and electronic signal data,
and the vast majority belong to the United States and Russia.
The extent of secret surveillance that these satellites are capable
of is not publicly available information, and controversies have
raged over the last few years as information from these satellites
has been leaked to the Internet by people and organizations that
object to what they see as a breach of their right to privacy (see
Chapter 2).
In recent years, there has been a dramatic growth of civilian
remote sensing satellites, many of which geographers can access
to help analyze natural and human-induced processes on Earth’s
surface. Some of the ways the data are used are to estimate deforestation, to monitor oil spills and forest fires, and to track many processes
related to climate change, such as glacial melting, variations in surface temperature, and sea level rise. Numerous other processes can
be monitored by remote sensing and are discussed below.
After remote sensing satellites, communications satellites
are the next-largest group, comprising about 16 percent of all
satellites launched. Most are used
to extend the range of telephone,
solar wind tiny charged particles
television, radio, Internet, and other
emitted by the Sun that travel at millions
of miles per hour and form a gaslike
communications signals that must
plasma that can conduct electricity and
traverse long distances. Because
respond to magnetic fields
most broadcasted signals travel in
satellite any object in space that orbits
a straight line, they are limited in
another object of greater mass
range by the curvature of Earth as
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F I G U R E E 2 . 4 Space launches from 1957 to
2014. Notice the dominance of the Russian and
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well as by hills and mountain ranges. Communications satellites
receive signals from the surface of the planet and bounce them
back, thus allowing them to avoid these obstacles (FIGURE E2.5).
Other satellites include weather satellites, which assist forecasting by monitoring cloud formations, temperature, and precipitation; navigation satellites, such as the Global Positioning
System, that provide accurate latitude and longitude as well as
elevation data to receivers on Earth; and astronomic and solar
observatories such as the Hubble Space Telescope.

SPACE JUNK
Thousands of satellites no longer function and are considered space
junk. Most of these pose relatively little risk of becoming dangerous
space junk, as they are located in geostationary orbit (GEO), meaning
that they are located at least 22,236 miles (35,786 kilometers) above
a fixed point on Earth and they also do not move relative to each
other. However, as can be seen in Figure E2.1, many satellites are
also located in low Earth orbit (LEO), the region which lies between
99 miles (160 kilometers) and 1243 miles (2000 kilometers) above
Earth, in which satellites do move relative to each other. Often they
travel at speeds of around 17,500 miles per hour, roughly ten times
faster than a speeding bullet. Hundreds of millions of pieces of space
junk have accumulated in LEO, most of them tiny pieces broken off
of nonfunctional satellites or parts of rockets used to put spacecraft
in orbit. Some of the debris is created
space junk nonfunctioning satellites
when satellites are hit by micromegeostationary orbit (GEO) an orbit
teors or other pieces of space junk.
located at least 22,236 miles (35,786
Collisions between satellites have
kilometers) above a fixed point on
been rare, but when they occur they
Earth, in which satellites do not move
create thousands of pieces of debris.
relative to each other
An increasing number of satellites are
low Earth orbit (LEO) an orbit that
hit by other pieces of debris each day.
lies between 99 miles (160 kilometers)
Some have been destroyed by Earthand 1243 miles (2000 kilometers)
above Earth, in which satellites move
based militaries of the United States,
relative to each other
Russia, and China, as a demonstration
Kessler scenario a situation where so
of their capabilities.
much space junk accumulates around
In the lower levels of Earth
Earth that travel through low Earth orbit
orbit, at an altitude of 250 miles (400
becomes impossible
kilometers), gravity pulls most debris

2002

2007

2012

http://claudelafleur.qc.ca/images/YR-5714.jpg)

out of orbit and into the atmosphere, where it burns up due to
friction with air molecules. Fortunately, this is also the zone where
most crewed spaceflights currently take place. Even so, solar panels
on space stations and windows on space vehicles are often damaged
by space junk, necessitating shielding. Expeditions to the Moon,
Mars, or asteroids require passing through the much more dangerous higher zones of LEO.
Donald Kessler of the U.S. National Aeronautics and Space
Administration (NASA) cautions that if something isn’t done
about space junk we may reach a point where so much space junk
surrounds Earth that travel through LEO will become impossible,
a situation now known as the Kessler scenario. While there is currently no international agreement limiting further accumulation
of space junk, all spacefaring nations require satellite designers,
builders, and launchers to take precautions. Most now require
that satellites be able to relocate themselves after their useful
life is complete, either to an out-of-the-way “graveyard orbit” or
back toward Earth, where they will burn up on reentry. There
are also efforts underway to remove defunct satellites and rocket
parts or other pieces of debris that weigh more than several thousand pounds before they collide with other pieces of space junk,
creating even more debris. Proposals to accomplish this include
netting, harpooning, or otherwise capturing and then towing
defunct satellites into the lower levels of Earth orbit, where they
will incinerate due to friction with Earth’s atmosphere.

ASTEROID RISKS
A long-term threat to Earth from space is the risk of an asteroid
or comet impact, such as the asteroid that was between 200 and
620 feet wide that flattened 2000 square kilometers of forest
in Tunguska, Siberia, in 1908; or the 6-mile-wide asteroid that
landed just off the coast of the Yucatán Peninsula 66 million years
ago, possibly causing the extinction of the dinosaurs and numerous other life-forms. While a global-scale “civilization killing”
asteroid is predicted to hit Earth once every 100 million years,
four Tunguska-sized asteroids are predicted to pass near Earth
over the next 50 years. Strategies for dealing with asteroid impact
mostly involve early warning, though asteroid-related technology
is developing rapidly.
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F I G U R E E 2 . 5 Satellites and signals. Because of
their high altitude, satellites can extend the range
of communications signals on Earth that would
otherwise be blocked by topography and the
curvature of Earth. (Source: http://www.radio-electronics.
com/info/satellite/communications_satellite
/communications-satellite-technology.php)

THINGS TO REMEMBER
• Environment The proliferation of humanmade satellites orbiting Earth provides a greater
understanding of this planet and the solar system, but also brings
hazards that are complicating further space use and exploration.
Over the long term, there are also significant threats to Earth’s
ecosystems from space, such as impacts from large asteroids or
comets, which have caused mass extinctions of species throughout Earth’s history.
GEOGRAPHIC
THEME 1

• Outer space is the area between Earth’s atmosphere and all
other objects in the universe.
• The Sun and other stars are constantly ejecting charged
particles that form a gaslike plasma that can conduct electricity, respond to magnetic fields, and occasionally disrupt electric
power-delivery systems on Earth.
• In recent years, there has been a dramatic growth of civilian remote sensing satellites, many of which geographers can
access to help analyze natural and human-induced processes on
Earth’s surface.
• We may reach a point where so much space junk surrounds
Earth that travel through LEO will become impossible, a situation now known as the Kessler scenario.

GLO BA LIZA TIO N A ND DE VE L O P M ENT
GEOGRAPHIC THEME 2

Globalization and Development: The range of commercial activity in
space is expanding from satellite-based enterprises to include space launching
and asteroid mining. These activities will continue to propel space exploration
for the foreseeable future.

Space-based commercial activity began in 1962 with the launch
of the first telecommunications satellites. Since then, there have
been over 8000 satellites launched into space, 3600 of which are
still in orbit. Of the roughly 1300 satellites that are still operational,

more than half are communications satellites, launched primarily
by the United States and Russia (or the former Soviet Union). A
major increase in the number of communications satellites in orbit
is planned for the near future, with several companies planning
on putting up hundreds or even thousands more communications
satellites to provide global wireless Internet access. Commercial
activity is now expanding into the building and launching of rockets and other spacecraft, as private companies now provide launch
services at significantly lower costs than those from governmentsponsored space programs. SpaceX, a U.S. company founded in
2002 by former PayPal entrepreneur and Tesla Motors CEO Elon
Musk (of South Africa), plans to drop prices by an order of magnitude, from its current price for launching a 29,000-pound payload
into LEO of U.S.$56 million (already the lowest price in the business) to U.S.$5 million, in part by using reusable rockets.

ASTEROID MINING
There are more than 100 million asteroids in the solar system,
some of which contain precious metals such as gold and platinum
in quantities valued in the trillions of dollars. In 2010, Japan’s
space program initiated the first major feasibility test of asteroid
mining by landing a probe on an asteroid, taking samples, and
returning to Earth with them. A growing number of companies are
currently planning to mine asteroids, primarily with robotic spacecraft operated from Earth’s surface. The enormous profits that
could be reaped by asteroid mining will likely drive space exploration beyond geospace for the foreseeable future (FIGURE E2.6).
Asteroid mining could transform Earth in ways that are as
yet barely understood. Successful asteroid mining would likely
collapse the prices of many metals and jeopardize millions of
mining jobs across the planet. This is especially true for metals
such as gold or platinum that are rare on Earth but abundant
enough in space that a single asteroid could easily contain more
of these metals than has ever been mined in human history. But
prices for more economically important metals, such as iron or
nickel, could also decline due to the presence of asteroids relatively close to Earth that contain vast amounts of these elements.
Proponents of asteroid mining argue that a larger supply of these
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P O W E R AND PO L I T I C S

Walter Myers/Stocktrek Images/Getty Images

GEOGRAPHIC THEME 3

F I G U R E E 2 . 6 Mining outpost. An artist’s rendition of a mining
outpost on an asteroid near Earth that is about 2000 feet (610 meters)
wide and 1000 feet (305 meters) long.

metals will increase their use by, for example, making platinum
more available for use in fuel cells and gold more available for use
in electronics, potentially creating millions more jobs and raising
living standards in the process. Even without the trillion-dollar
profits that are predicted, asteroid mining will probably take place
in order to supply space exploration missions, given that some
asteroids hold large amounts of water, which can be split into
hydrogen for fuel and oxygen for respiration.
While tests and plans for asteroid mining are now well
advanced, no one is yet mining asteroids. Deep Space Industries
of Mountain View, California, plans to start mining by 2023,
and other companies are on track
to follow closely behind. In 2016,
Outer Space Treaty of 1967 treaty
that the United States and all spacefaring
Luxembourg began actively recruitnations have signed and which forbids
ing asteroid-mining companies to
nations from claiming territory in space
locate within its borders.

THINGS TO REMEMBER
• Globalization and Development The
range of commercial activity in space is expanding from satellite-based enterprises to include space launching
and asteroid mining. These activities will continue to propel space
exploration for the foreseeable future.
GEOGRAPHIC
THEME 2

• Commercial activity is now expanding into the building and
launching of rockets and other spacecraft, with private companies now providing launch services at significantly lower costs
than those from government-sponsored space programs.
• Successful asteroid mining would likely collapse the prices of
many metals and jeopardize millions of mining jobs across the
planet. Proponents of asteroid mining argue that a larger supply
of these metals will increase their use, creating millions more
jobs and raising living standards in the process.

Power and Politics: While all spacefaring nations have agreed that no parts
of outer space can be claimed as national territory, there is disagreement over
the rights of individuals or corporations to own property in space. National
militaries have played a central role in space exploration, and agreements to
limit the use of weapons of mass destruction (including nuclear weapons) in
space have not limited the militarization of space.

SPACE AND THE LAW
Following intense lobbying by several asteroid-mining companies, the Space Act of 2015 was passed by the U.S. Congress and
signed into law by President Obama, giving companies the rights
to exploit any minerals or other nonliving resources they find
in space. The law also states that the U.S. government will not
claim any part of space as national territory, which is an attempt
to avoid a clear break with the Outer Space Treaty of 1967. This
treaty, which the United States and all spacefaring nations have
signed and which forbids nations from claiming territory in space,
declares that the exploration of all celestial objects “shall be carried out for the benefit and the interests of all countries and shall
be the province of all mankind.” The U.S. government seemed to
uphold this principle when it cited the treaty during its successful
defense in court in 2001 against a parking ticket issued it by beef
jerky entrepreneur and space enthusiast Gregory Nemitz, who
had registered a claim to the asteroid Eros, which NASA had just
landed a probe on.
The U.S. government has so far made no move to withdraw
from the Outer Space Treaty, possibly due to other provisions of
the treaty which ban the use or deployment of weapons of mass
destruction in space. While the treaty doesn’t ban weapons from
space (and the United States, Russia, and China have already
deployed weapons there), many argue that it reduces the potential
for armed conflict in space by preventing nations and corporations from making any broad territorial claims.

THE MILITARIZATION OF SPACE
National militaries have played a pivotal role in space exploration, and the first object to enter space was a German V2 rocket
during World War II. After the war, former Nazi military scientists
played key roles in both the U.S. and Soviet space programs,
which were contained within military agencies or evolved out
of them. Much space exploration has been shaped by competing military interests, such as the Cold War between the United
States and the Soviet Union, and the more recent U.S. military
rivalry with China. Much of the hardware that makes space exploration possible was developed by national militaries, including
the intercontinental ballistic missiles (originally designed to carry
nuclear warheads) that have propelled most launches into space,
as well as the many space-based systems for remote sensing, communication, and navigation. Every major military power on Earth
now considers these space-based technologies to be an essential
part of warfare, and all the major spacefaring nations now have
militarized “space forces” that constantly train for war in space to
protect their satellites and, if deemed necessary, disable those of
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other countries. Of all Earth’s military “space powers,” the United
States has by far the most currently functioning satellites in orbit
(between 150 and 200). Russia follows with about 75, and then
China, with 35.

THINGS TO REMEMBER
• Power and Politics While all spacefaring
nations have agreed that no parts of outer space
can be claimed as national territory, there is disagreement over
the rights of individuals or corporations to own property in space.
National militaries have played a central role in space exploration,
and agreements to limit the use of weapons of mass destruction
(including nuclear weapons) in space have not limited the
militarization of space.
GEOGRAPHIC
THEME 3

• Following intense lobbying by several asteroid mining companies, the Space Act of 2015 was signed into law by President
Obama, giving U.S. companies the rights to exploit any minerals
or other nonliving resources they find in space.
• Every major military power on Earth now considers spacebased technologies to be an essential part of warfare, and all
the major spacefaring nations now have militarized “space
forces” that constantly train for war in space to protect their
satellites and, if necessary, disable those of other countries.
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REMOTE SENSING OF URBAN AREAS
While actual urban settlements in space may be decades or more
away, space-based remotely sensed observations of Earth have
been contributing to our understanding of urbanization since
the 1970s. Remotely sensed data is often made into spatially
precise maps that are particularly useful for understanding urban
change over time. An increasingly important use for remotely
sensed data is in disaster management, where the large amount
of detailed spatial information that can be gathered rapidly by
satellites is very valuable. For example, during the aftermath of
Hurricane Katrina, residents and emergency response personnel
in New Orleans, Louisiana, needed maps of flooding in the city.
Remote sensing scientists at the U.S. Geological Survey’s Center
for Earth Resources Observations and Science (EROS) were able
to provide detailed and comprehensive maps showing the exact
location and depth of the flooding within days. This information
proved invaluable to emergency responders as they struggled to
assist residents trapped in their homes and on rooftops. Over the
course of the next weeks and months, scientists at EROS were
able to provide detailed maps and digital images of the disaster
(FIGURE E2.7), which became essential tools for city planners and
disaster management personnel as they tried to understand why

U R BA NIZATION
GEOGRAPHIC THEME 4

The physical challenges posed to humans by prolonged habitation in space include radiation and space debris, the effects of
microgravity, and the need to minimize the use of materials
from Earth. Shielding against radiation and space debris has
long been included in spacecraft and space stations, but longterm settlements would need more extensive protection. Human
settlements on asteroids, moons, and some planets will likely take
advantage of underground architecture, which provides shielding of all kinds as well as insulation from the huge temperature
swings found in interplanetary space. But these protections will
do little to mitigate the effects of long-term exposure to microgravity, which has brought about a wide range of physical changes in
humans who spend even short periods in space. Despite extensive
exercise regimes, humans regularly have declines in bone density,
loss of muscle mass, and permanently impaired vision after visits
to space. In addition to these biological obstacles to urbanization
in space, the high costs of launching material into space will
require extensive capabilities in materials recycling and spacebased resource acquisition. Unless there are dramatic advances
in technological capability, these complex challenges will likely
delay the development of long-term space-based settlements for
several decades.

DigitalGlobe/Getty Images

Urbanization: The challenges of life in the harsh environment of space mean
that urban settlements not on Earth are distant prospects. However, the use of
space-based remote sensing technologies to better understand urban processes
on Earth and to help cities adapt to change is a well-developed and growing
field within geography and related disciplines.

F I G U R E E 2 . 7 Satellite image of New Orleans after Hurricane
Katrina. A satellite image of the 800-foot-wide (240-meter) break
in East New Orleans’ Industrial Canal in Louisiana and surrounding
flooding on August 31, 2005, two days after Hurricane Katrina hit the
city. The image was collected from Quickbird, a commercial satellite
capable of capturing objects larger than 5.2 feet (1.6 meters) from an
orbit 280 miles (450 kilometers) above the surface of Earth.

Copyright ©2017 W.H. Freeman Publishers. Distributed by W.H. Freeman Publishers. Not for redistribution.

Puls7e_EpilogueWSR_658-676_v4.indd 673

22/11/16 2:58 pm

674

EPILOGUE 2

Space

the city’s flood-protection systems had failed. Looking forward,
geographers and urban planners will be using remotely sensed
satellite data on a daily basis to help cities across the world adapt
to climate change, growing urban populations, and decaying
infrastructure.

THINGS TO REMEMBER
• Urbanization The challenges of life in the
harsh environment of space mean that urban
settlements not on Earth are distant prospects. However, the use
of space-based remote sensing technologies to better understand
urban processes on Earth and to help cities adapt to change is a
well-developed and growing field within geography and related
disciplines.
GEOGRAPHIC
THEME 4

• An increasingly important use for remotely sensed data is
in disaster management, where the large amount of detailed
spatial information that can be gathered rapidly by satellites can
prove very valuable.

PO PU LATIO N AN D G E ND E R
GEOGRAPHIC THEME 5

Population and Gender: While it is not yet clear that a long-term, sustained human population is possible in space, observation of Earth from space
has been providing insights into population issues for decades. There is also a
significant gender gap in space exploration and research.

At present, human abilities to produce healthy populations in
space appear uncertain. Studies with animals show that while
reproduction is possible in space, exposure to radiation and
zero gravity significantly reduces sperm and egg counts and
may result in infertile offspring. Studies with animals born in
space show that they have many birth defects, including poor
equilibrium due to delayed development of cells that sense
gravity. NASA offers astronauts the option of having samples
of their sperm and eggs frozen for later use before they go into
space, though many have conceived and given birth to healthy
children after they have returned.

REMOTE SENSING AND POPULATION ISSUES
Remote sensing satellites have been providing important data
for estimating population size and location on Earth, as well
as for understanding related issues such as food security and
disease. Satellite images can be analyzed to detect changes
in land use that help researchers estimate population growth,
especially around urban areas. Satellites with infrared sensors
can monitor the health of crops as they are growing, allowing
analysts to improve forecasts of harvests; and provide advance
warning of food scarcity and famine in rural areas. Satellites can
also collect data on factors that relate to economic activity and
income levels, such as the use of electric lights at night, that can
help provide estimates of a population’s overall risk of famine.
Conditions that contribute to disease can also be detected by
using satellites. For example, remotely sensed images of algal

blooms in the waters of coastal Bangladesh have helped predict
the locations of outbreaks of cholera, and satellite data on vegetation cover and precipitation patterns have been used to guide
mosquito-eradication efforts aimed at containing outbreaks of
malaria in Thailand.

GENDER IN SPACE RESEARCH
There is a significant gender gap in space-related research and
exploration. In 1963, two years after the Soviet Union sent the
first man (Yuri Gagarin) into space, they sent the first woman
(Valentina Tereshkova) into space. She was the twelfth human
in space, and it was another 19 years and 76 crewed space
missions before the Soviet Union sent the second woman into
space. The United States had a 20-year ban on women in the
space program, despite early studies that showed that women
had particular advantages for space travel, such as smaller
size, a lower metabolic rate, and excellent performance under
stress. The perception by NASA engineers that women were
unsuited to the stresses of spaceflight delayed women’s participation in the U.S. space program until the late 1970s, and
the first U.S. woman wasn’t launched into space until 1983.
Since the 1980s, over 60 women have been into space, more
than 50 of them from the United States. Women still represent
less than 14 percent of human spaceflights since 1983, but
that share has increased to 31 percent of spaceflights since
2013. The gender gap in space exploration continues, in part
because of the requirement of most space programs that astronauts have at least a bachelor’s degree in a STEM (science,
technology, engineering, or mathematics) field. Women are
historically underrepresented in these fields due to a variety of
cultural influences, including teachers, friends, and families
who discourage girls and young women from taking advanced
math and science courses.

THINGS TO REMEMBER
• Population and Gender While it is not yet
clear that a long-term, sustained human
population is possible in space, observation of Earth from space
has been providing insights into population issues for decades.
There is also a significant gender gap in space exploration and
research.
GEOGRAPHIC
THEME 5

• Remote sensing satellites have been providing important data
for estimating population size and location on Earth, as well
as for understanding related issues such as food security and
disease.
• The perception by NASA engineers that women were unsuited to the stresses of spaceflight delayed women’s participation in the U.S. space program until the late 1970s, and the first
U.S. woman wasn’t launched into space until 1983.

S O CIO CU L T U R A L I SSU E S
All of the risks and uncertainties of space travel and exploration
are dwarfed by the potentially profound implications for humanity of finding even just a single new planet hospitable to humans,

Copyright ©2017 W.H. Freeman Publishers. Distributed by W.H. Freeman Publishers. Not for redistribution.

Puls7e_EpilogueWSR_658-676_v4.indd 674

22/11/16 2:58 pm

What Will Space Exploration Do to Life on Earth?

or a single form of intelligent life. What will human occupation
of other worlds mean for life on Earth? If the past history of
European colonialism is any example, the effects will be complex
and not completely understood, even hundreds of years after the
first space colonies are established.
The most habitable extraterrestrial environment within current reach is Mars, where data collected over 50 years of exploration (NASA launched the first successful probe in 1964) indicate
that the planet has water in ice caps, subsurface lakes, and in its
atmosphere; and has enough sunlight that solar power can be
generated. While Mars’s climate is generally colder and more
extreme than Earth’s (Mars has an average high at the equator
of 70°F (20°C) and an average low of −100°F (−73°C)), it is
still within the range of human adaptability. After Mars, there
are a few other candidates for human habitability within the
solar system, such as Jupiter’s moon Europa, which may contain
a marine environment beneath its icy surface. Beyond the solar
system, the possibilities for finding habitable planets improve,
as suggested by data from NASA’s Kepler space observatory, a
Sun-orbiting space telescope launched in 2009 and designed
to find Earth-sized planets in the Milky Way galaxy that have
similar temperature ranges as those on Earth, given their location in their solar systems. By 2016, scientists using Kepler had
confirmed the existence of more than 20 such planets and could
extrapolate, based on previous data, that there may be as many as
40 billion habitable Earth-sized planets in the Milky Way galaxy.

WHAT WILL SPACE EXPLORATION
DO TO LIFE ON EARTH?
The extension of human civilization into outer space will bring
complex changes to Earth, some of which could parallel the
transformations brought about by European colonialism in
the Americas. Already the focus on asteroid mining mirrors the
objectives of early Spanish colonialists, who came to the Americas
seeking gold and other precious metals, often leaving chaos and
disorder in their wake. Could the exploration of space bring
new biological resources, similar to the exchange of food crops
between Europe and the Americas that eventually transformed
the entire world? Hopefully space-age humanity will fare better
than indigenous American cultures, who were nearly wiped out
by diseases brought by European explorers. Perhaps spacefarers
will learn from our current predicament with invasive species,
which are the greatest threat to ecosystems after habitat loss
caused by human activity, and strictly control introductions of
new life-forms to Earth.
The potential for huge profits to be reaped from space
exploration offers many interesting scenarios as well. With
a single asteroid capable of delivering almost unimaginable
riches, disparities in wealth could increase as mines on
Earth close while asteroid-mining operations expand, bringing in enormous profits. On the other hand, resources from
space could also provide the basis for a new age of technological advancement and higher living standards, much like
the resources of the Americas fueled Europe’s Industrial
Revolution of the 1800s.
Perhaps the biggest implications of human space exploration involve potential encounters with intelligent life, a subject

675

that has permeated popular culture for more than a century.
Humans have been searching for signals of extraterrestrial life
using radio antennae since the 1890s, and from the 1970s to the
1990s NASA funded the Search for Extraterrestrial Intelligence
(SETI), a program that adapted these techniques to scientific
standards. Despite a few intriguing signals, these efforts have
produced relatively little. NASA has also sent out spacecraft containing messages for potential extraterrestrial civilizations, such
as the Voyager I and II spacecraft, launched in 1977 to gather
data about Jupiter and Saturn, and which are now traveling in
interstellar space.
People have reported unidentified flying objects (UFOs)
across cultures for all of recorded human history. The subject
of UFOs is hugely popular today, though most sightings can
be explained without reference to extraterrestrial visitors. After
several waves of sightings in the 1950s and 1960s, the U.S. Air
Force commissioned a study of UFO reports from the University
of Colorado. The report both dismissed the subject as unscientific and left many of the cases contained within the study unexplained. Since then, notions of a wide-ranging cover-up of an
extraterrestrial presence on Earth have become ubiquitous, and
multiple public opinion surveys in the United States over the past
several decades have reported that as much as 80 percent of the
general public believes that the U.S. government is hiding information on this subject. Meanwhile, reported sightings of UFOs
have risen steadily for more than two decades. Explanations for
this range from the greater ease of reporting sightings via the
Internet, to the expansion of the use of drone aircraft, to more
widely available cell phones with video cameras, to a general shift
away from ridicule of the UFO phenomenon and toward social
acceptance of it as a genuine mystery.

ON THE BRIGHT SIDE
At a cost of more than U.S.$150 billion, the International Space
Station (ISS) is the largest peacetime international collaboration
in history. Its two largest participants in terms of funding and
personnel, the United States and Russia, were once adversaries in
the Cold War and are still occasional rivals. Since its first components were lifted into orbit in 1998, the ISS has served as a platform for experiments on microgravity, radiation, and other spacerelated subjects. As long as a football field from end to end, the
ISS is the largest human-made object in orbit and is visible with
the naked eye. Crews often do not share a common language,
are isolated from family and peers, and adapt to a noisy and
sometimes hazardous indoor environment plagued by mold and
fungi. The ISS’s record of unbroken collaboration in these difficult circumstances has earned it multiple peace-related awards,
including a nomination for the Nobel Peace Prize, and encouraged future international cooperation on other space projects,
such as a Moon base. ■

THINGS TO REMEMBER
• The question of what human habitation on other planets
will do to life on Earth is broad and complex, but some parallels
can be drawn from the history of European colonialism in the
Americas.
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Critical Thinking Questions
1. If the Kessler scenario occurred, how would it impact your life?
2. How has your life been influenced by the use of data from satellites
(remote sensing)?
3. If asteroid mining became a major industry, what places described
earlier in this book would be the most affected?
4. What factors make war in space more likely or unlikely?

5. Given what you have learned about gender from earlier chapters
of this book, do you think that the gender gap in space exploration and
research will persist, or will it shrink until men and women are equally
represented in these fields?
6. What problems and opportunities for Earth could human
habitation of other worlds bring?
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