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Global Surface Temperatures
Four independent records show nearly identical long-term warming trends.
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Temperature change, "C

Fa NN

Latitude

The average increase in surface temperature since the 1951
1980 reference period is greatest in the Arctic.
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100000 Years of Temperature Variation in Greenland

25/11/2021

11



25/11/2021

12



L —
Uganda - ghiacciao Orubare
Rwenzori, 5109 metri

Terzo punto piu alto dell’Africa

Nuova Zelanda — ghiacciao Franz Josef

V. Sella, coutesy of the
Fondazione Sella

Alalska — ghiacciaio McCall

= " McCall Glacier Retreat
Variations (en métres) de la pesition du front du glacier du Rhane 5 Brooks Range, Alaska
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Greenland lce Sheet Melt Extent
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Greenfand Daily Meit
Jul 26
2013
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surface melt
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AVISO/CNES: trend = 3.31 mm yr'

CSIRO: trend = 3.36 mm yr”’

University of Colorado: trend = 3.40 mm yr*'
SL_cci/ESA: trend = 3.28 mm yr'
NASA/GSFC: trend = 3.44 mm yr'

NOAA: trend = 3.37 mm yr

Averaged GMSL : trend = 3.35 mm yr'
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peo A < - . .
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Cities with the 10 highest annual flood costs by 2050
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Italia sott’acqua nel 2050
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Arctic climatic feedbacks

Climate change
temperature increase

Heating of surface
water layers

Change in albedo
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“Albedo”

lce/snow reflects
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Albedo
(% of radiation reflected)
100 [~
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Monthly EEREI |:| Blue Marble View

= Sea Ice Extent, Oct 2020

West
F o ARtarctica

= Extent RS i A I Trend
;"::1 xten oncentration Aomalies renas

The monthly Sea Ice Index provides a quick look
at Antarctic-wide changes in sea ice. ltis a source

for consistently processed ice extent and

concentration images and data values since 1979.

Monthly images show sea ice extent with an
outline of the 30-year (1981-2010) median extent
for that month (magenta line). Other maonthly
images show sea ice concentration and
anomalies and trends in concentration.

More about the monthly images

Monthly Sea Ice Extent Anomaly Graph €3

Southern Hemisphere Extent Anomalies Ot 1979 - 2020
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Monthly

Sea lce Concentration, Oct 2020

Weest
Antarctica

Total Area = 14.5 million sq km

Concentration Anomalles

I:l Blue Marble View
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Arctic Antarctic

/

e |3!' Da“y I:‘ Blue Marble View

Sea lce Concentration Anomalies, Oct 2020

Weat
* Antorctica

Total anomaly = 0.6 million sq km

Anomalies

Extent Concentration
Py e e —

The monthly Sea Ice Index provides a quick look
at Antarctic-wide changes in sea ice. It is a source
for consistently processed ice extent and
concentration images and data values since 1979.
Monthly images show sea ice extent with an
outline of the 30-year (1981-2010) median extent
for that month {magenta line). Other monthly
images show sea ice concentration and

anomalies and trends in concentration.

More about the monthly images

Monthly Sea Ice Extent Anomaly Graph €9

Southermn Hemisphere Extent Anomalies Oct 1979 - 2020
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) . Arctic Antarctic
Arctic Antarctic

Monthly Daily

Monthly Dally D Blue Marble View

I:‘ Blue Marble View

Sea lce Concentration, Oct 2020
Sea Ice Concentration, Oct 2020
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Arctic Antarctic

Mot |}{ Daiiy |:| Blue Marble View

The monthly Sea Ice Index provides a quick look
Sea lce Concentration Anomalles, Oct 2020 at Arctic-wide changes in sea ice. It is a source for

— consistently processed ice extent and
concentration images and data values since 1979.
Monthly images show sea ice extent with an
outline of the 30-year (1981-2010) median extent
for that month {(magenta line). Other monthly
images show sea ice concentration and

anomalies and trends in concentration.

More about the monthly images

Monthly Sea Ice Extent Anomaly Graph €

Morthern Hemisphere Extent Anomalies Ocr 1979 - 2020
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Arctic Antarctic
Arctic Antarctic

Monthi
Monthl Dail < I:‘ Blue Marble View
SR = |:| Blue Marble View

= . . 2a Ice Concentration Anomalies, Oct 2020
Sea Ice Concentration Anomalies, Oct 2020
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PIOMAS Arctic Sea Ice Volume (10°km?)
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“Arctic Death Spiral”
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Ice sheet mass loss
(Greenland & Antarctica)|

)

Glacier mass loss

Carbon dioxide

Water
Heat
Sea ice extent
decline (Arctic)

YYY Marir:{h;ﬁaves Sea level YYY

ﬁ ii @o - Ice sheet
U ib!': = ]f‘ 1
Permafrost Coast

-" lee shelf
thaw —t L S "__.--p
Ongen decrease

Continental shelf :
Continental slope @ .
(ocean deoxygenation)
-

Ocean heat content pH decrease
-

‘ increase {ocean acidification)

Cryosphere Changes 3 e l[u{eanwamlrbg}
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Abyssal plain
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lce Growth Process

Frazil ice

Rough ocean l Calm ocean
Congelation growth)

— (Pancake cycle) Grease ice

— /m \

-~ Pancake ice Nilas

= ’f ‘

. Rafting or ridging Rafting
} |

o Cementing and Congelation ice

s consolidation /
\- Sheet ice
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Ice pack
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Ice pack a Dicembre

25/11/2021

66



25/11/2021

{5148}/

67



/

Waveband
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“Dark Blue:

Open water=
1428 Km"2
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Journal of Geophysical Research: Oceans

RESEARCH ARTICLE  Pancake Ice Thickness Mapping in the Beaufort Sea From Wave

10-1002/2017)C013003 Dispersion Observed in SAR Imagery

Special Section: P. Wadhams'2 (), G. Aulicino2 (&, F. Parmiggiani3, P. O. G. Persson? ([, and B. Holts ©

Sea State and Boundary Layer

Physics of the Emerging Arctic 'Cambridge Polar Consultants Ltd., Cambridge, UK, *Universita Politecnica delle Marche, Ancona, Italy, *ISAC-CNR,

Colorado, USA, *Jet Propulsion Laboratory, California Institute

@ Shiptrack +/- 12h from CSK overflight
7t Ship position at time of CSK overflight
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- heavily ridged ice (DIR=4) \ )-}-Ik}?"%tvm;l

- rideed ice (DIR=3) IR i oA
- slightly ridged ice (DIR=2) “§;

- level ice (no def.) (DIR=1)

- marginal ice (25% < IC < 80%) “-.
- open water (IC < 25%)
- land / no data

FIS DIR Chart EST DIR Chart

g Figure 1. Degree of ice ridging extracted from the digitized Baltic Sea ice charts on 15 March 2013
i (left figure). Result of estimated degree of ice ridging based on RADARSAT-2 synthetic aperture radar
8 (SAR) image segmentation and SAR texture classification using a random forest classifier (right figure).
. - = iy : m i
& 300 ¢ . J’I f :

. ,f"ffu- Sl
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Polynia

Land

conseclidated pack ice floes
smooth fast or pack ice
rough pack ice
accumulated outlet ice
deformed pack ice
smooth thinfoutlet ice
rough outlet ice

deformed thin ice
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ESA - CryoSat-2 operations

C @

Pl @ ESA - Cryosat b+

© £ www.esaint/ESA_Multimedia/Missions/CryoSat?mission=CryoSat8&tke

Sea Ice Thickness
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o) & www.cpom.uclac.uk/csopr/seaice.php

® 2-days O 14-days O 28-days O |spring ~|[2019 ~]

O [apr ~|

(c) cpom/esa

Click in map for
local and basin thi
time series

22-Nov-20 - 23-Nov-20
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= Arctic Sea Ice Thickness Maps
Arctic sea ice thickness processed at UCL from CryoSat's SAR mode data
O 2-days O 14-days ® 28-days O
O

NRT Service only operates during the Arctic winter season (Oct-May). During summer CryoSat's radar
can not measure thickness effectively due to the formation of melt ponds in the sea ice.

day Thickness : 15/11/19 - 12/12/19 o3
&

Click in map for
local and basin
thickness

time series

15-Nov-19 - 12-Dec-19
e S . 4

(c) cpom/esa

_—

Arctic Sea Ice Time Series

Display the change over time in sea ice thickness
or volume over the whole Arctic, an ocean basin,
or thickness at a point location:

show : Ovolume @ Thickness

Select Location of Thickness Time Series or click on Map.

Lat: [ERIS| Lon E:

Select by Point . All Arctic O

The plot below shows the timeseries of Monthly
mean sea ice thickness calculated from CryoSat
precise and near real time (NRT) data over the

whole Arctic area of sea ice extent.

Whole Arctic Thickness

A timeseries at a single location and Arctic basin
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Sea ice thickness
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is based on CryoSat-2 SAR Interferometer Radar Altimeter (SIRAL) observations from 1 March to 1
April 2017. Colour code: red = Operations not permitted, yellow = Operations restricted, green =
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Domande, dubbi,
curiosita ?
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