
Two huge land masses are almost 
completely covered in ice: Antarctica and 

Greenland. The fringes are home to several 
sea bird and seal species that are adapted to 
living and feeding in permanently icy areas.

I C E  C A P ST U N D R A
At high latitudes and high altitudes lies a treeless 

region known as tundra. Permanently frozen 
subsoil, called permafrost, underlies the region. 
Arctic tundra springs to life in the brief summer 
and is an important breeding ground for birds.

Boreal forest or taiga is the world’s largest 
terrestrial biome. Trees such as pines, spruce and 

larch have adapted to survive the extreme cold 
in winter. It is home to a wide range of animals 
including several mammal and bird species.

B O R E A L  F O R E S T
Snow and ice exist in high altitude 

environments all year round. The animals that 
live in mountain regions have developed 

specialised ways of dealing with lower levels 
of oxygen as well as the cold.

M O U N T A I N S
The oceans in the polar regions get so cold in 

winter that they freeze. Sea ice is salty, but 
less salty than sea water. Polar bears rely on 
sea ice for hunting and it provides a birthing 

place for seals and walruses.
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LIFE IN THE LANDS OF SNOW AND ICE
F R O Z E N  P L A N E T

 COLD HARD FACTS:
 The air temperature drops by about 10oC for 

every 1000 m of altitude gain.

 The amount of oxygen in the air drops by 
about 2% for every 1000 m of altitude gain.

 The variation in plants and animals with 
altitude creates characteristic ecoregions.

 The highest altitude plant is a type of moss 
that grows above 6000 m on Mount Everest.

 Bird lungs absorb oxygen when they 
breathe out as well as when they breathe 
in, making their lungs more efficient than 
mammalian lungs.

 Spiders have been found above 6700 m on 
Mount Everest. They feed on insects that 
have been blown uphill by wind.

In high altitude mountainous regions there is less 
oxygen in the air, more ultra-violet (UV) radiation 

from the Sun, the average air temperature is 
significantly colder, and the weather more extreme 
than at sea level. Ice and snow can persist on the 
ground all year round, and soils become thinner and 
eventually disappear leaving bare rock. But even 
in this hostile environment, organisms adapted to 
these unique conditions can survive and even thrive. 

In the thin soils, plants that can grow in high 
altitude communities include grasses, lichens and 
mosses. They are often small, tolerant of erratic 
water supplies, require very little or no soil to grow, 
and have developed many chemicals in their leaves 
that protect them from high UV radiation.

Animals that live at high altitudes have 
behavioural, physiological and morphological 
adaptations that allow them to cope with the cold 
and also the lack of oxygen. These include altered 
developmental rates, increased lung capacity and 
an increased affinity for oxygen in the blood. Many 
high altitude insects and spiders cope with the cold 
by being freeze tolerant (they can survive being 

Where snowfall is greater than summer melting, 
snow builds up over time. As the snow 

accumulates it gets compressed into ice and starts 
to move under its own weight, flowing downhill like 
a very slow river, forming a glacier. An ice cap is a 
large, thick dome-shaped layer of glacial ice flowing 
out in all directions. Where the ice-covered area is 
greater than 50 000 km2 it is known as an ice sheet. 

Ice caps are found in the polar regions and 
at high altitude in mountain ranges, such as the 
Himalayas, Rockies, Southern Alps and the Andes. 
These days there are only two ice sheets on 
Earth: one covering Antarctica and the other over 
Greenland, but during the last ice age nearly one-
third of the Earth’s land was covered by ice sheets. 
This locked up a large amount of water and sea 
levels were 120 m lower than today. 

Because of the slow rate of accumulation, ice at 
the base of ice caps may be up to 100 000 years old, 
and may be over a million years old at the bottom of 
an ice sheet. When this ice forms it traps gasses and 
dust from the atmosphere. Scientists drill deep into 

 COLD HARD FACTS:
 The tundra has less rainfall than the deserts 

of the world (less than 250 mm per year).

 The tundra biome makes up 10% of the 
Earth’s surface area.

 If Arctic temperatures were to stabilise 
at 2ºC of warming, 40% of permafrost is 
predicted to thaw.

 Thawing Arctic soils have the potential to 
affect the global climate by releasing large 
quantities of carbon dioxide.

The tundra is the coldest of the biomes and has 
very low rainfall – less than the world’s largest 

and driest deserts. Tundra comes from the Finnish 
word tunturia, meaning ‘treeless plain’. The Arctic 
tundra is found in areas south of the ice caps of the 
Arctic and extends across Europe, Siberia, Alaska, 
Canada and North America. Tundra is also found 
on the tops of very high mountains elsewhere in the 
world (known as alpine tundra). Most of Antarctica 
is too cold and dry to support vegetation and is 
covered by ice sheets but small patches of tundra 
exist on the Antarctic Peninsula. 

Arctic tundra winters are very cold, dark and 
windy with temperatures of around –28ºC and 
sometimes dipping as low as –50ºC. These low 
temperatures result in a layer of permanently 
frozen ground below the surface, called permafrost 
– a defining feature of the Arctic tundra biome. In 
summer temperatures can rise to as much as 12ºC 
causing the top layers of frozen soil to melt and 
allowing vegetation, consisting mainly of mosses, 
lichens and sedges which are adapted to the cold, to 
grow. In spite of the low rainfall, the tundra is covered 

 

frozen through having cryoprotective substances 
that slow ice formation, minimising damage) or 
they use antifreeze proteins that prevent ice forming 
inside their body cells.

We know globally, virtually all mountain glaciers 
are melting rapidly. For example, the most recent 
research suggests that Himalayan glaciers are now 
40% smaller than they were 200 years ago, before 
the impact of the Industrial Revolution was felt. The 
pace of glacier loss is accelerating worldwide. This 
is significant because glaciers are frozen reservoirs 
that provide a reliable source of fresh water to 
hundreds of millions of people as well as the 
ecosystems on which they depend. An accelerating 
retreat of glaciers poses major challenges for 
people and nature.

 COLD HARD FACTS:
 The boreal forest region is essential for 

millions of migrating birds that arrive in 
spring to breed, and is home to iconic 
species like reindeer, moose, wolverine and 
the Siberian tiger.

 The boreal forest biome emerged relatively 
recently as trees moved north following the 
retreating ice sheets at the end of the last 
ice age, and has only been in its current 
form for about 6000 years.

 Little rain falls in the boreal region; most 
precipitation is snow and fog, and the 
summers are relatively dry.

The boreal forest is the world’s largest biome, 
containing one-third of Earth’s forest cover. Also 

known as taiga (Russian for ‘swamp forest’), boreal 
forests are the northernmost forests, circling the 
globe across Eurasia and North America between 
the Arctic tundra to the north and cool-temperate 
regions to the south. 

At these latitudes, freezing temperatures occur 
6–8 months of the year, so tree species are adapted 
to short growing seasons and severe winters. The 
boreal forest is largely composed of evergreen 
conifer species, such as pine (Pinus), spruce (Picea), 
and fir (Abies), with some deciduous and broadleaf 
species such as larch (Larix), poplar (Populus), birch 
(Betula) and alder (Alnus).

Because of the short growing season, the 
trees take advantage of available sunlight 
with year-round leaves allowing evergreens to 
resume photosynthesis early in the season when 
temperatures rise. The characteristic cone shape  
of conifers helps snow slide off easily, avoiding 
branch breakages and allowing the canopy to 
absorb more sunlight. 

In cold environments the air is dry and much 
of the soil water is locked away in snow and ice. 
Rather than flat leaves, conifers have needles with a 
thick protective waxy layer (cuticle) to protect them 
against water loss through evaporation, and thick 
bark to protect them from the cold. 

Although biodiversity is not as high as in 
temperate or tropical forests, boreal forests are 
a critical store of carbon, holding up to one-
third of global land-based carbon in their plant 
biomass and soils. They also provide food and 
important cultural ecosystem services for local 
and regional communities, and are economically 
important providing over one-third of global timber 
production. However, boreal forests are under 
threat from climate change: although warming 
temperatures may bring an earlier spring and 
growing season, warmer and drier summers are 
increasing the risk and incidence of forest fires and 
may shorten the overall growing season.

with marshes, lakes, bogs and streams owing  
mainly to the fact that water evaporation is slow. 

Tundra faunal biodiversity is low with few 
mammals. However, each year, millions of birds 
migrate to the Arctic tundra in the summer to 
feed and breed. Other common animals of the 
Arctic tundra include caribou, musk oxen, Arctic 
hares, Arctic foxes, snowy owls, ptarmigans, voles, 
lemmings and sometimes polar bears. Only five 
amphibians, including the wood frog and a single 
reptile (the common garter snake) range into the 
Arctic. However, there are plenty of insects including 
mosquitos, flies, moths, grasshoppers and even 
Arctic bumblebees. 

The warming climate is rapidly changing the 
tundra vegetation, resulting in ‘Arctic greening’ – 
an increase in the growth of shrubs at the expense 
of vegetation such as lichen. This has a negative 
impact on caribou and other animals that depend 
on lichen for food and reduces reflective snow 
cover, amplifying global warming.

the ice sheets and, by studying the ice and other 
compounds trapped within, can learn about the 
atmosphere and climate of the past, and how it has 
changed over time.

The Antarctic ice sheet contains about 30 million 
km3 of water and, together with the Greenland ice 
sheet, holds 99% of the fresh water on Earth.

The seasonal melting of ice caps provides 
an important source of fresh water for local 
ecosystems, particularly in late summer. However, 
due to our warming climate, many ice caps and 
ice sheets are melting faster than they are being 
replenished each winter, and some smaller ones 
have already disappeared. If all the ice on land 
today were to melt, our sea levels would be about  
70 m higher. In the next century we expect sea levels 
to rise over a metre because of melting ice caps 
and ice sheets.

and affects the entire planet’s weather systems. 
Melting ice and increased rainfall are making the 
North Atlantic Ocean less salty, which may change 
the AMOC and, as a result, the northern European 
climate. If the circulation stopped, Europe would 
cool by an average of 5 to 10ºC and tropical 
monsoon systems would collapse, leading to 
permanent drought conditions, particularly in  
West Africa, India and South America.

Life thrives below, within and above the sea ice 
and sea-ice loss negatively affects many animals. 
Phytoplankton, the foundation of the marine 
food chain, depend on cold melt water to breed. 
Phytoplankton blooms feed krill which in turn are 
eaten by penguins, seabirds, seals and whales. 
Seals and walruses depend on sea ice to give birth, 
nurse pups, rest and escape predators; it provides 
a hunting ground for polar bears and a foraging 
ground for Arctic fox, caribou and other mammals.

 COLD HARD FACTS:
 The mass of ice can cause the land beneath 

ice sheets to sink. Parts of Antarctica are 
more than 2.5 km below sea level owing to 
the sheer weight of the ice sheet. 

 Polar ice caps also exist on other planets 
and moons in the Solar System. The ice 
caps on Mars are made of a mixture of ice 
and frozen carbon dioxide. 

 The most extensive tropical ice cap is on 
the Coropuna volcano complex in Peru, 
which is currently 44 km2 in area. The 
second largest, the Quelccaya ice cap, is 
also in Peru and used to be the largest but 
is shrinking at a faster rate.

 COLD HARD FACTS:
 Over the last 30 years the extent and 

thickness of summer sea ice in the Arctic 
has declined dramatically. The extent has 
declined at a rate of 13% per decade and 
the pace of decline is likely to accelerate.

 In addition to reflecting sunlight, sea ice 
traps existing heat in the ocean, keeping 
it from warming the air above, reducing 
atmospheric warming.

 Because sea ice forms from the water it 
floats on, it does not dramatically change 
sea levels, unlike melting land ice which 
does contribute to sea-level rise. 

Sea ice is frozen ocean water, both forming and 
melting in the ocean (icebergs, which float 

and melt in the ocean, form on land). Cover varies 
seasonally between about 14 and 23 million km2 
and it has an important influence on global climate. 
Sea ice has a bright surface that reflects ~80% of 
the sunlight, striking it back into space. When sea 
ice melts and exposes the dark ocean beneath, the 
Sun’s heat is absorbed rather than reflected. This 
causes a rise in Arctic temperatures contributing 
directly to climate change.

Sea ice also affects the climate through ocean 
currents. When ice forms in the sea, most of the 
salt is pushed into the water below, increasing 
the salt concentration of this water compared to 
the surrounding ocean. This saltier water sinks, 
moving along the ocean floor towards the equator. 
It is replaced by water from the mid-depth of the 
ocean from the equator, setting up a ‘conveyor 
belt’ circulation (known as the Atlantic meridional 
overturning circulation or AMOC). The AMOC 
dominates temperature in the northern Atlantic 

The Frozen Planet documentaries show many of the extraordinary frozen 
habitats on our planet, which are home to charismatic animals including 
polar bears, penguins, and even tigers. Most of us live far from these frozen 
places, and because these landscapes are so different from our own 
experience, it may be a shock to learn that what we do could affect  
them – both in causing damage and protecting them.

Human activity is increasing temperatures on Earth, which are changing our frozen planet: Arctic 
sea ice is decreasing, permafrost on the tundra that has been frozen for thousands of years is 
melting, almost all glaciers are in retreat, and since 2002 the great ice caps of Antarctica and 
Greenland have been losing approximately 400 billion tonnes of ice per year. These physical 
changes are damaging critical habitats and the animals and plants that live in them. 

But that is only half the story. The changing climate and weather systems don’t just affect the 
frozen world, these changes have global consequences. As Arctic ice decreases, less energy from 
the Sun is reflected back into space, changing global weather systems. The latest research has 
linked sea-ice decrease to increased wildfires across the northern hemisphere and melt water 
from the great ice sheets is increasing sea levels, threatening our coasts and low-lying cities. 

In the face of these changes, it’s easy to feel hopeless and that there is nothing we can do. 

But there is.

We can tread as lightly as possible on our planet and, critically, we can let our politicians know we 
care about the climate, our environment and the organisms we share the planet with.  

Around the world governments have brought in laws in an attempt to minimise the causes 
and effects of climate change. By supporting these laws and pressing for more rapid action on 
carbon emissions it’s possible, over coming decades, to slow down and then perhaps ultimately 
halt the damage.

We’re lucky to live on a planet with such diversity and beauty. If we continue to care, we can 
leave our planet in a state that future generations can also enjoy.
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