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Polar oceans and Climate change from s
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Earth’s Energy Imbalance

Warmer atmosphere

Warmer Earth surface
More heat uptake in the ocean

More melting of the cryopshere
Energy in

Less ice sheet/glaciers Energy out

Less sea ice

i Net positive
Increased sea level A

imbalance

Today = Energy imbalance
- 0.5 -1 Wm2
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Sea Ice Concentration, type, area, thickness,age | Passive microwaves, SAR,
drift, leads, polynias, iceberg, ridges, Scatterometer, altimeter, optical

Sea level In open water direct, in presence of sea  Altimeter
ice the freeboard must be removed

Ice sheet/ Elevation change, retreat, surging, mass Altimeter, SAR, Interferometry,

glaciers change Optical

SST Skin temperature (upper micrometer Infrared radiometer, Passive
and upper cm) microwave radiometer

SSS Skin salinity (upper 20 cm) Passive microwave radiometer

valueable for this ice detection

Surface Current Geostrophic current, Ekman current, Altimeter, SAR, scatterometer
Stokes drift,

Snow cover Extent, thickness, Show-water SAR, altimeter, scatterometer
equivalent
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Remote Sensing Principles

Reflection

o1 | 62
g1 = g2

Visible imaging &
Passive Microwaves
Scattering Absorption
m \\ Emission
&
¥
F missinn
Radar (active mirco- Infrared & Passive
Wave) sensors Microwaves
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Frequencies in the Microwave domain v \sCSa

gamma ray uitraviolet infrared radio
- -
X-1 S| |

Short wavelength 3,}" aﬁli'lel miciowave Long wavelength
Higher frequency Lower frequency
Higher energy Lower energy

Bandname P | L | s | cC|X| Ky|Ka|Q|V|W]

In-as ' 1.55 42 575|109 22 |35 46 58
Frequency 0.3 GHz 1.0 3.0 10 30 100 GHz
Wavelength 100 cm 30 10 3.0 1.0 0.3 cm
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Antenna size, wavelength, beam width and cover: £@Sa

sin ¢, = A/D  Beam width e —

C A D
R=2HA/D T —
H =800 km
H
h=1cm L
/
D=1m \
—>R=16km |
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Dragon 4 Advanced Training Course in Ocean & Coastal Remote Sensing
Shenzhen University, P.R. China, 12 - 17 November 2018



PASSIVE MICROWAVE PRINCIPLES ¥ &) ‘\\w €Sa

When ¢ = 1 as for sea ice the reflectivity is
minor. For sea water ¢ < 0.4.

Ermagsion
from Space

T is the transmittance. © = 1 or 0 implies
no or strong absorption. Clouds both
absorb and re-emit.

For A < 1 mm the absorption is large. In
from H,O og O, For A <3 cm the
absorption is minor

Iy, =eT;e® + T, +(1-e)Ty,e” +(1-e) T,e~"

(D & ) )

Dragon 4 Advanced Training Course in Ocean & Coastal Remote Sensing
Shenzhen University, P.R. China, 12 - 17 November 2018




4 5 EF £ 3iop ] =i 4 100
i i [

FY = First Year Ice

MY = Multi Year Ice
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Principles: Sea Ice Concentration +3 L k&esa

B=(1-C)TB,+CTB,,

C=0% C=100% 0%<C<100%

mixed pixel,
resolution
(25km -> 12.5km)

Err:  weather emissivity
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December 1980

100%
90%
80%
70%
60%
50%
40%
30%
15%

TOTAL ICE COVER = MULTI-YEAR ICE + FIRST-YEAR ICE
ice that has ice that has formed
survived one during last winter
summer
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Sea Ice Area

ICE-AREA ANOMALIES NORSEX SMMR/SSMI
17 T T T
Percent change f Decade: —1.795%
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Sea Ice Area September Minimum A N K ecSa
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March 2016
March 1993-2014
Sept 2016

Sept 2012

Sept 1993-2014

March 2016

March 1993-2014
Sept 2016

Sept 2014

Sept 1993-2014
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Sea Ice Extent Anomaly |106km2]
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Sea Ice Extent Anomaly |106km2|

Sea Ice Volume Anomaly [103km3| Sea Ice Volume Anomaly [103km3]
&

dtesa

as lost sea ice
volume at a rate of 15.4%
per decade since 1993.
Accordingly, the Arctic
Ocean freshwater
content has increased and
show a record high in 2016.

Unexpectedly, the sea ice
extent in the Antarctic
Ocean decreased
dramatically during the
last months of 2016
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Ice Area, NORSEX SSM/I
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The latest date in 2018 is: 11/10
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FREEBOARD HEIGHT & THICKNESS v \=@sa
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Freeboard height estimation from Altimetry L@IHFEE
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From freeboard to thickness QLAN/
CryoSat-2 sea CryoSat-2 msea ice

00 01 02 03 04 05 i 0 il 2 3 4 5
Freeboard (meter) h [ - 4 Sealce Thickness (meter)

CryoSat




Sea Ice Thickness

b) 4.5
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Be

Sea ice thickness CryoS
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Dragon 4 Advanced Training Course in Ocean & Coastal Remote Sensing
Shenzhen University, P.R. China, 12 - 17 November 2018



Sea ice thickness with uncertainty

* Cryosat-2 March 2014
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Olason, Rampal, Bouillon, in prep.
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Thin Sea Ice Retrievals

[m]
DD 02 04 OB OB 10

Monthly SMOS sea ice thickness derived " during
freeze-up period October 2012-March 2013
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Thin Sea Ice Retrievals
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SEA ICE DRIFT
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SAR image(s) From SAR image(s) Elasto-Brittle model

27230 March 2007 27-30 March 2007
0.08).08

0.07).07

0.06 5 0p

0-05, 05

“00 <=

0.03

).03
0.02

0.01)'02

o )01
[

-2000 —1000

Courtecy Pierre Rampal, NERSC

Dragon 4 Advanced Training Course in Ocean & Coastal Remote Sensing
Shenzhen University, P.R. China, 12 - 17 November 2018



dtesa

Sea Ice Deformation

The deformation of a 10 km by 10
km cell over a 41-day period is
shown from RADARSAT.

The record of area change reflects
the opening of the lead running
through the cell.
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MWOKTHERN RESEARCH INSTITUTE

Collocated (25 min time separation) RSAT-2 and S-1 intensity image (left), Doppler radial
Sla EW with estimated sea ice drift vectors velocity (mid) and cross-correlation (CC)
overlaid. Area: North West of Svalbard radial velocity (right).
T. Kreemer, H. Johnsen, C. Brekke, Engen G., “Comparing SAR-Based Short Time-Lag Cross Correlation and Doppler-Derived

Sea Drift Velocities” IEEE Trans. Geoscience and Remote Sensing, Volume: 56 Issue: 3, ISSN: 1558-0644, DOI:
10.1109/TGRS.2017.2769222, 2017
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Sea Level estimation

S.LAXON/CPOM /UCL




XBT & ARGO

[ AMocean - ‘AMU - AMLW - AMWW A@

AM = Mass changes; LI = Land ice (glaciers + ice sheets); LW =
Land waters

AN = Atmnenharier vuiatar viannr C@nnwur = ennwr wweatar antivalant
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Thermal expansion + Ocean mass change (’ SATAND (s
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Glaciers Marzeion 0.72 +/- 0.07 mm/yr

------ e Glaciers Leclercq 0.83 +/- 0.08 mm/yr
Glaciers Cogley 0.74 +/- 0.09 mm/yr

(4]

Sea Level (mm)

1 I L 1 1 I 1 1 L I 1
1994 1996 1998 2000 2002 2004 2006 2008 2010 2012 2014 2016

TQday%. -_ y R £ Time (yr)
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Ice Sheet Mass Loss 4 @) Lesa
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Arctic mean sea level
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effect removed from Johannessen and Andersen, 2017
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Sea ice thickness time series from Cryosat- A

2 and from ICESat for climate and operational

sea ice service;

« Altimetry sampling over the ocean in Polar
Regions to constrain ocean models through data
assimilation;

« Reliable restitution of sea level in the leads to
reach the retrieval accuracy required to monitor
Climate Change.

« SMOS like observations of thin sea ice below
0.5m.

« Medium-resolution (5-10 km) passive
mircowave observations of sea ice
concentration, area and extent.

« SAR for sea ice drift, lead fractions and Marginal

Ice Zone dynamics
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Ship routing through the Arctic
Today and in the Future
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