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ASPHALT

ALBEDO = 0.04

GRASS

ALBEDO =0.25

SNOW

ALBEDO = 0.85
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Albedo values
(% reflected)

Earth's albedo
(average) 31%




Overview of the climate system

Change in

atmospheric Fluctuations in
components solar radiation
ATMOSPHERE

Soil exchange

el Infrared Reflection
edo radiation (Albedo)
Gas exchange
Melting
Snowfall }".ﬁ% %
BIOSPHERE i
Evaporation CRYOSPHERE ¥

Wind  Precipitation

Heat Heat

. - - ﬁ < Ice shelf Land ice
Land surface -
change v

Uplift and Geothermal
subsidence heat flow
LAND OCEAN Change in of the continent
ocean salinity .
O g Lithosphere
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o |11 Continental drift
Change in the external conditions
Human impact
—’ Interactions in the climate system
Radiation

Movement processes
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Components of the global cryosphere - Areas and volumes

Greenland Ice Sheet
Antarctic Ice Sheet
Mountain glacier

Permafrost

SEA ICE
Northern Hemisphere
Southern Hemisphere
SNOW

Northern Hemisphere

Southern Hemisphere

meereisportal.de

Minimum

Permanent ice

Volume
(106 km3)

2.9
254
0.22-0.38

0.01-0.04

Snow and sea-ice extent

Extent (105 km?)
Maximum

Sea-level equivalent
(m)

7.1
56.2
0.56 - 0.97

0.03-0.10

Mean value

24.9
143

SEAICE




Components of the cryosphere and their time scales

v

- 3000 km
v

2 km

Snow 1 mT
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River and Lake Ice

Sea Ice
Glaciers and Ice Caps

Frozen Ground

Millennium

2 km

Hour Day Month Year Century
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Surface melting
begets more melting

Snow reflects the sun’s
light and heat, keeping
ice below it from melti

s
& e

As glaciers thin,
their surface sinks
to lower altitudes,

Where it melts, exposed where temperatures

dark ice absorbs heat.

are higher.

+= 2005 54 cubic miles

199 22 ic mile

One estimate of net annual
loss of ice in Greenland

b il

ND

Meltwater fractures ice and
lubricates the bottom, speeding flow

Summer Meltwater plunges into
meltwater open crevasses and

pools on the moulins, breaking up the
ice surface and  ice and lubricating its base,
forms lakes. which accelerates flow.

S5 150 5 OT 5 a8 Wsd o 053

odomy T 5 55 fu (gl )5 fu s

AT SEA

Thinner ice has a weaker grip on the land
and can't hold the accelerating glacier

Ice Velocity

Ice Loss From
Iceberg Calving

11 cubic
miles

Warmer oceans erode
floating ice at its base

Some glaciers end in a floating ice
tongue, which buttresses the land ice
behind it. As the ocean warms, it erodes
the ice tongue from below, weakening

it and causing it to break up.

Warm currents eat away the grounding

line, where the floating ice meets the

bedrock. Pressure at depth lowers ice’s

melting point, making it even more
ulnerable to warmer water.

Jakobshavn's
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Vanishing Ice

Greenland’s ice sheet once seemed 100 big to melt substantially. Now, as weather
warms, the ice is disintegrating faster. Scientists think this could continue for cen-
turies or even millennia, changing the island's geography and the planet's sea level

Melting Down

SOLAR RADIATION
As average summer tem-
peratures rise in Green-
land, more ice meits.
Surface water and dark
cryoconite absorb solar
heat, speeding melting,

CREVASSE
A crack, or creve , that
forms as the ice moves
over uneven bedrock can
plunge hundreds of feet
A flood of meitwater

can drill it even deeper.

MOULIN
A shaft, or moulin, forms
when melitwater weakens
ice and suddenly flushes
to unseen depths from
the bottom of a surface
lake or via a crevasse

HYDRAULICS BELOW
The ice travels on a thin
layer of water. When a
draining moulin floods the
base of the ice sheet, the
ice begins to surf on that
water and picks up speed.

THE WATER'S JOURNEY
Meltwater that works
its way to the bedrock
eventually turns into
rivers that can carve ice
tunnels many feet high
as they flow to the sea

Origins of the Ice Sheet

50-10 million years ago
A warm climate bathed coastal
mountains, rivers, and a high
central plateau

DI~ = N

9 Cryoconite holes

Mouth
of mouli

.

3-2 million years ago

As the chimate gradually chilled,
glaciers began to form in the
mountains.

Ice thickness at the
outer edge of the melt
area averages 1,500 feet

About 2 million years ago
The land continued to grow colder
and glaciers spread across parts
of the central plateau.

st 5.V

Ice sheet

Annual Melt Area

Almost three decades of sat
ellite data reveal an escalating
trend in the extent of the ice:
melt zone—the part of the ice
sheet where melting occurs
between April and October. The
rest of the year, the entire ice
sheet is frozen. Even during the
warmer months much of the
ice refreezes overnight.

2-1 million years ago
Separate glaciers merged to form
a sheet of solid ice that covered
most of the island most of the time

The solid ice sheat has deprossad

underlying rock by some 3,000 feet
ts weight also squeezes out a thin
lip ot ice to the sides.

A e oS S g

Covering some 80 percent of

the island, the ice sheet measures
more than 650,000 square miles.
Shaped like a lens, the ice is solid
at its thick center but riddled with
decay around the edges.

Ice-penetrating radar offers a
detailed look at the land below.
Every summer, as the ice margins
melt and glaciers slide faster

into the sea, Greenland loses
more than twice the amount

of ice in the European Alps.

Scenarios for the year 2100
Ctmate change projections

High
Estimate: Estimate:
45'Friseinglobsl  9'F rise in global
temperature temperature

I molting continues at its curront
rate, the central plateau will siowly
begin to rebound as the weight of
the ice lifts from it

> e\,
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https://fa.wikipedia.org/wiki/%D9%85%D9%86%D8%A7%D8%B7%D9%82_%D9%82%D8%B7%D8%A8%DB%8C
https://fa.wikipedia.org/wiki/%D9%86%DB%8C%D9%85%E2%80%8C%DA%A9%D8%B1%D9%87_%D8%B4%D9%85%D8%A7%D9%84%DB%8C
https://fa.wikipedia.org/wiki/%D9%85%D8%AA%D8%A7%D9%86
https://fa.wikipedia.org/wiki/%DA%A9%D8%B1%D9%87_%D8%B2%D9%85%DB%8C%D9%86
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Atmospherg

~ Plants absorb carbon

dioxide (the main climate-

altering gas) and produce
oxygen instead

andplantsadd V' & = "/ otherplants
- nutrients to S slow the
the soil. <= flow of
\ Insectsand ' rainwater
animals burrow, to rivers, acting
helping the soil as a natural
- breathe
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