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Cryosphere

The cryosphere is the collective term for the components of the Earth
system that contain a substantial fraction of water in the frozen state
(Table 4.1). The cryosphere comprises several components: snow, river
and lake ice; sea ice; ice sheets, ice shelves, glaciers and ice caps; and
frozen ground which exist, both on land and beneath the oceans
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Ice sheets

An ice sheet is a chunk of glacier ice that covers the land
surrounding it and is greater than 50,000 kilometers (20,000
miles) wide. An ice sheet is also known as a continental glacier.
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Ice caps cover less than 50,000 square kilometers and usually feed a series of glaciers
around its edges. While not hemmed in by any surface features (they lie on top of
mountains), they are usually centered on a highest point (called a massif).

Ice shelves

An ice shelf is a thick, floating slab of ice that forms where a glacier or ice flows down a
coastline. Ice shelves are found only in Antarctica, Greenland, and Canada. Thicknesses of
floating ice shelves range from 100-1,000 meters.
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Ice on Land

Percent of Global Land Surface?

Sea Level Equivalent® (metres)

Antarctic ice sheet* 8.3 58.3
Greenland ice sheet! 1.2 7.36
Glaciers® 0.5 0.41
Terrestrial permafrostf 9-12 0.02-0.109
Seasonally frozen ground" 33 Not applicable
?Szzsinnjlansgigg‘l’(;f 1.3-30.6 0.001-0.01
Northern Hemisphere freshwater (lake and river) icei 1.1 Not applicable
Totalk 52.0-55.0% ~66.1

Ice in the Ocean Percent of Global Ocean Area? Volume' (103 km3)
Antarctic ice shelves 0.45m ~380
Antarctic sea ice, austral summer (spring)" 0.8 (5.2) 3.4(11.1)
Arctic sea ice, boreal autumn (winter/spring)" 1.7 (3.9) 13.0 (16.5)
Sub-sea permafrost° ~0.8 Not available
Total? 5.3-7.3




1. Sea Ice

18

Ice extent (10% km?)
o ® & N = &

o

.

5. 0. 0.9 00 -0 0§ ¥

a) Daily ice extent

— 1079-1088
- 1889-1998

— 20092012

24 96 L8 00 08 16 24
Trond (% IC ')

Fig. 4.2

Sea Ice Extent and ice area
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1. Sea Ice
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1. Sea Ice Sea Ice Thickness
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1. Sea lce Arctic Sea Ice Summary
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1. Sea lce Antarctic Sea Ice
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1. Sea Ice
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2. Glaciers

Athabasca Glacier




2. Glaciers

Glaciers

All perennial surface land ice masses outside of the Antarctic and Greenland ice sheets.

Tidewater Glaciers

Glaciers that terminate in the sea

Glacier dynamics

Accumulation

Ablation

Glacier terminus

Grey Glacier, Chile



2. Glaciers
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2. Glaciers

Measuring methods

Parameter Method Technique Typical Accuracy m“ m Earliest Data
Various Recosstruction 0m Dacess Decadal = | Holocene
Length change Feld 1 5ty measrement ', Hondseds Ansual 19th connry
Remote weming Phctoge armeretric sarvey Two image pieels (depanding on resolution) | Hendeeds Ansual 20th century
P Vo Cartog aphi 5% of the aes Hirdeedh Decadal 19th centiary
Remote seming Image processing 5% of the sen Thousand Sub-decadal | 20th century
Vebame uange Remote serming | Laser and radar profikeg otm Hardeeds Ansul 2091 cenmary
Remote seming DEM differencing o5Sm Thousand Decadal 20th century
B Feld Divect mans balsnce measurement | 02 m Mardeeds Seqswonal 20th century
Remote sensing | Gravimetry (GRACE) Dependert on the region Global Seasonal 215t cenmary

Table 4.3
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2. Glaciers
Area Change

o' L] . . . ] L] L] 1 ] l L 1 L I“ _(‘-‘_l L 3 : LL . ] .l...., L_f L_{—LJ ] 0] ] L] " |
02 LA AN, L A
it . T T v v~ T — 3 T < —y AR o
w 04 bbb . " bl PTTeTR o -
> - o
32 : --------------- "’“““‘""""‘"‘ ----- :
;'-0.6—- e —
-— £ =
(&) - o A QR E e el A e S o Ay oy e P At e A7 .
T . ..
&-O.Gr- -
= I ——— e e e, ]
g t[—rma O —— e -
G -1}~ | = 2Westem Canaca/us -
© 2 3 Arcac Canada N -
9 - I ‘mms ......... [N cenncdesvuvibuobracaasdspouvboneadneabhcdsbransbnasndibnssabbossimdansds 3
© = bl T X < e e RO Y S R Ry Aien A L e el oL A
1.2~ |— 7 Svaibarg =
S [ |-—.8Scandinavia . . D iciian s s P RN S R N R AR VLt 1
5 [ [="S7710 Noath Asia ;
D 14| 11CentralEurope | =TT T T ~
o o 13 Central Asia “
= | =~ 14 South Asia W "1

- | == 15South Asla E tua} (ar R ANKL AN NaS Cuanmalbeaener ey T 0 g

16 ... 16 Low Latitudes ]

¥ 17 Southern Anges -

. 18 New Zealand o

18 19 Amarcic / Subantarctic -

| 2 2 2 2 l 4 2 1 1 l 1 ' 1 L l 2 2 2 2 l 2 1l 2 4 l 1 i ' 1 l L L L 'S l )

1940 1950 1960 1970 1980 1990 2000 2010

Fig. 4.10



2. Glaciers

Mass Change
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3. Ice Sheets
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3. Ice Sheets
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3. Ice Sheets Antarctica
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3. Ice Sheets

Antarctica
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3. Ice Sheets
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4. Snow cover

SCE anomaly (10° km?)

1920 1940 1960 1980 2000 2020
Year

Reference period 1971-2000 .
Fig. 4.19



4. Snow cover
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5. Frozen Ground

N, & I | PR L ae | l | o9 0 | | l 5.3 85 ' L B B | l e a0 REM ' L B A |
0 -
-2
63124 Old Man
—~~ -4 o =1
& } s )
i Hoppy Valley -
g ; 2TeETE geTel
© i Svolbard j
e =6 Goibroth Loke 5
E | 2t
[t
-8} -
) . o
-10F e - - -
0 ) = West Dock
—12 TSN DR l N T l LA L. l B Bl l - Ak Ixl & | l LA A L l AL AL L

1975 1980 1985 1990 1995 2000 2005 2010
Yeor Fig. 4.22



\d RS RAAL RAAZS RALS BASAE R

AR RALAE RAAS RALE REAAS RARS

-

Al AAAE RAAS RALE RAAE RAAE RAA

Siveric (R18)

Crokotko (R9)

HWM
Eomt

[l |

“0' <) Northern Asia

010

1995

M PETY PUYE FUTE FTUY PUYE FOWY alaaabaaalaaalaaabaaata,, ' Y | T TUTY FUYE P
§ & § 8§ S R § R 8 8 8 S RS R B8 8 8 8 %
(w) 1w (wo) 1w (wd) 1w

N

fd
e (o
c Q
3 (]
: 5
O >
< 8
N Q
o 2

fd
L Q
L <

Fig. 4.23



5. Frozen Ground
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Changes in the Cryosphere
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Frozen Ground: noreasing permatiost tempera-
fures by up © 2°C and actve layer thickness by up
%0 80 cm since early 10608 In the NH, southern hma
of permafrost mowving north since mid 1970s, and ! .
' mm. of seasonal frozen ground by 32 decade with larger losses in summer and autumn.
sNce

Snow cover: batwaen 1067 and 2012, satellte data show  decade Mean sea ice thickness decreased ima-
decreases through the yesr, wih largest decreases (53%) 2.3 m between 1880 and 2008
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