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Co obejmuje kriosfera?




Lodowce

Gross Aletschgletscher,
Szwajcaria

Thomson Glacier,
Kanada




CONSISTENCY AND DENSITY

Snowflakes , 90% air, <0.1 g/cm?

Ice granules, 50% air, ~0.3to 0.5 g/cm?

Firn, 30% air, ~0.5t0 0.7 g/cm?

- Ice, 20% air as bubbles, >0.7 g/cm?



O co chodzi z ruchem?
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O co chodzi z ruchem?
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Akumulacja | ablacja




Bilans masy lodowca w strefie ablacji
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Pomiar bilansu masy lodowca




Pomiar bilansu masy
lodowca
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Pomiar bilansu masy lodowca

https://grace.jpl.nasa.gov/data/
data-analysis-tool/

vww. Glacjoblédgia .wordpress.com




Swiatowy bilans masy lodowcéw

Regional cumulative mass change of reference glaciers

Cumulative mass change in [m w.e.] or [t m ~?]
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Annual mass change in [m w.e.] or [t m 2]

Swiatowy bilans masy lodowcéw

Global annual mass change of reference glaciers

Annual values calculated as arithmetic average of regional means.

1950 1960 1970 1980 1990 2000 2010 2020
Years



Ladolod

opady Sniegu

akumulacja

lodowiec cielenie sie
szelfowy lodowcow




Antarktyda tez ptynie

Antarstis lez Shagt Yalugiiss
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http://www.antarcticglaciers.org/

Jak znika 16d Antarktydy?

Pine Island Glacier
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Uksztattowanie podtoza Antarktydy
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Figure 1. Antarctic bedrock
topography overlain by
surface contours (grey lines).
The present-day (PD)
grounding line (grl) from
BEDMAP2 (Fretwell et al.,
2013) depicted by the dashed
black line. The Last Glacial
Maximum (LGM) grounding
line reconstruction from
Bentley et al. (2014) (thick
black lines) is compared to
simulated grounding line
retreat in one of the ensemble
members for the Last
Interglacial (LIG, red line).
Regions previously identified
as potentially viable sites for
Oldest Ice (Van Liefferinge
and Pattyn, 2013) are
outlined by thick black lines.
Eight ice core locations are
highlighted, which are used
as tuning targets with respect
to ice core thickness and
analysed in Figs. 9 (West
Antarctica) and 10 (East
Antarctica), respectively.

Sutter, J., Fischer, H., Grosfeld, K.,
Karlsson, N. B., Kleiner, T., Van
Liefferinge, B., and Eisen, O.: Modelling
the Antarctic Ice Sheet across the mid-
Pleistocene transition — implications for
Oldest Ice, The Cryosphere, 13, 2023—
2041, https://doi.org/10.5194/tc-13-
2023-2019, 2019
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Jak znika 16d Antarktydy?

Bilans masy Predkosc Zmiany wysoko4ci
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Jak znika 16d Antarktydy?

Pine Island Glacier

Grounding line retreat from ERS SAR interferomeatry

Pine Island Glacier

Grounding line retreat from ERS SAR interferometry




Cumulative change in mass (billion metric tons)

Jak znika 16d Antarktydy?
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,Doomsday glaciers”

' Haynes
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Topnienie powierzchniowe

Greenland Cumulative Melt Days Greenland Melt Day Anomaly
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Czarny Snieg

Jason Box, Dark Snow Project



Czarny sSnieg - sadza

Smoke Surfoce Concentratian {ug/m++3} for 2014072600

532 nm total attenuated backscatter, km-! 51 17 June 2012 0518z
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Jak znika |6d Grenlandii?

Bilans masy Predkos¢ Zmiany wysokosci
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Straty lodu w ekwiwalencie wodnym
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Lod morski

Sea-ice cover for April 2019
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Arctic sea-ice concentration for September 2019

Average concentration
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Antarctic sea-ice concentration for September 2019

Average concentration Anomaly relative to 1981-2010
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Gtebokos¢ (m)

Czemu |6d w Antarktyce przyrastat?
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Arctic sea ice area anomalies (millions of sq km) relative to 1981-2010

1980 1985 1990 1995 2000 2005 2010 2015 2020
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https://www.eea.europa.eu/data-and-maps/indicators/arctic-sea-ice-3/assessment-1
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Fig. 2: Maximum extent of ice cover in the Baltic Sea

Chart

Chart — Maximum extent of ice cover in the Baltic Sea
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Note:
Maximum extent of ice cover in the Baltic Sea in winter in the period from 1719/1720 to 2018/2019 (blue bars) and 15-year moving average (red line).



Pokrywa Sniezna




ZMIANY POKRYWY SNIEZNE] WIOSNA

marzec - kwiecien, pétkula pétnocna
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Annual number of days with snow cover

Observed means in nothern Europe, 1961-1930 (coloured
dots) and modelled means for Europe, 1961-1990
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Projected change of annual number of days with snow cover

Projected multi-model mean changes for the period
2071-2100, relative to 1261-1990
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Surface
temperature

- Wieloletnia zmarzlina

Atmospheric
CO:z and methane
increase

1)

Vegetation

Organic matter
thaws and

Delta Leny, lipiec 2012, Volkmar Kochan/rbb



Wieloletnia zmarzlina - wegiel organiczny

Soil Organic Carbon
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Natali, S.M., Watts, J.D., Rogers, B.M. et al. Large loss of CO2 in winter observed across
the northern permafrost region. Nat. Clim. Chang. 9, 852-857 (2019).
https://doi.org/10.1038/s41558-019-0592-8
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Wieloletnia zmarzlina

1 Permafrost thawed by 2100
[ Areas still frozen in 2100

Vladimir Romanovsky, 2009
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WZROST POZIOMU MORZA 1993-2010

rozszerzalnosc cieplna
1,1mm/r

B lodowce 0,76 mm/r
B Grenlandia 0,33 mm/r
B Antarktyda 0,27 mm/r

m sptyw z ladow 0,38 mm/r
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Zrodio: V raport IPCC. www.dimatechange2013.org




Sea level since 1880
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e) Zmiana sredniego globalnego
poziomu morzaw 2300 r.
wzgledem 1900 r.
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Rola kriosfery w systemie klimatycznym

wplywa na bilans energii (wysokie albedo sniegu i lodu)
wplywa na poziom swiatowego oceanu

wptywa na cyrkulacje oceaniczng w wysokich
szerokosciach geograficznych i nie tylko

bierze udziat w szeregu sprzezen zwrotnych w systemie
Klimatycznym
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