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Large scale ocean circulation in
the high latitude and Arctic Ocean
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Large scale sea ice drift — 16-18 NOV. 2019
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Earth’s Energy Imbalance — Global Warming

Warmer atmosphere

Warmer Earth surface

More heat uptake in the ocean

More melting of the cryopshere
Less ice sheet/glaciers/sea ice

Reduction in the albedo

/723 Net positive
Increased sea level o [ g imbalance

Today = Energy imbalance
- 0.5 -1 Wm?2
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Sea ice — albedo feedback —
Arctic Amplification

Summer enhanced
sea ice loss is
dominated by the
albedo feedback.
Snow-covered sea ice
- reflects most of the

- Incident solar
| radiation. As the snow
and ice melts the
open ocean absorbs
more solar radiation.
In turn, this heat

Ratio of the intensty of light melts more ice, which
reflected from the surface to the then promotes more

total incoming light from the sun,  S°lar heating of the
ocean, thus Creatlng a

Albedo for sea ice & 0.5-0.7 BRSELCENEUTITe

feedback (Perovich et
NersC ., . Albedo for water = 0.06 al. 2011).
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Arctic
Amplification is
A | associated with
- | the ice—albedo
feedback:

Arctic
Amplification

1 The sea ice cover is
reduced, thinner
and more fragile

A i

Younger and thinner sea ice covefy,

* Seaice cover
retreats more in
summer;

* more release of heat
to the atmosphere

e numerical tool  from the ocean

L I during autumn
freeze-up;

* thinner seaice
cover through the
winter season;

* spring warm-up in
the atmosphere
near the sea ice
surface;

* limit radiative
cooling of the sea
ice cover;

* increased humidity
and cloud cover and
hence warming of

. the lower
A multi-modal approach, courtecy P. Rampal atmosphere.

Credit: Nasa

More leads

Credit: P.Rampal
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Passive Microwave Observations from SSMI

20191116

ICE-AREA ANOMALIES, NORSEX SMMR/SSMI

Percent change f Decade: —4.828%

A

1080 1985 1080 1885 2000 2005 2010 2015
The latest month is: 2018-10

http://www.arctic-roos.org/
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http://web.nersc.no/WebData/arctic-roos.org/observation/ssmi_mdev_ice-area.png

Conceptual illustration of Air-Sea ice — Ocean interaction in the Arctic Ocean
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Satellite Observations in the Arctic Marginal Ice Zone

Quantity Type of observation and variable Key satellite sensors

Sea lce Concentration, type, area, thickness, Passive microwaves, SAR,
age, drift, leads, polynias, iceberg, Scatterometer, altimeter, optical
ridges,

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

SSS Skin salinity (upper 20 cm) Passive microwave radiometer

valueable for thin ice detection

Surface Current Geostrophic current, Ekman current, Altimeter, SAR, scatterometer
Stokes drift, range Doppler-based total
surface current

Snow cover Extent, thickness, Snow-water SAR, altimeter, scatterometer
equivalent

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

Surface waves Wavelength, wave spectra, SWH SAR, optical, altimeter

wWind Wind speed, streaks, vector wind SAR, scatterometer, altimeter

Color Chlorophyll, phytoplankton Spectrometers

Sun glitter Sunlight reflected from the surface Spectrometers

SOLab, RSHU, St. Petersburg, 19-21 November, 2019



The Electromagnetic spectrum

Gamma-ray X-ray Ultraviolet Visible Infrared Microwave  Radio
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Typical Interaction for Electromagnetic Radiation in the MI1Z

EMB or Sensor
Source

_ Sensor
Scattering

Absorption

Scatterning

eflected

Emission
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Interaction of the electromagnetic signals with the surface

Reflection
ol .o Visible imaging &
r = Ll o o
Passive Microwaves
specular
Back P
Scattering
Absorption
EmBsion
t /
./
|
Radar (active micro- ¥
wave) sensors Emission
Infrared, visible & Passive
Microwaves

A A SOLab, RSHU, St. Petersburg, 19-21 November, 2019



MIZ processes

The marginal ice zone is known to undergo complex Ocean - Sea Ice
- Atmosphere interactions that are manifested both in the structure
of the ice edge, in the sea ice motion and in the open water. Among

these are:

Type of process | Dominant forcing Satellite sensing

Upwelling
Mesoscale eddies
Wind streaks

Wave break-up
Internal waves (IW)

Ice jets, bands,
filaments

A

Wind driven shear in the
Ekman current

Current shear & frontal
instabilities in the upper ocean

Unstable atmospheric
boundary layer

Wave propagation in ice
Tides, current fronts

Upper ocean

SAR, optical, PMW, Scatt

SAR, optical

SAR, optical

SAR, optical
SAR, optical

SAR, optical

SOLab, RSHU, St. Petersburg, 19-21 November, 2019



UPWELLING
IN THE MIZ

Stress atmosphere
to water:

Tw— paCWU2

Stress atmosphere
to sea ice:

Tsi— paCsiU2

T H2 1,
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SIMULATED ICE EDGE UPWELLING USING A SEA ICE MODEL
COUPLED WITH A 2-LAYER OCEAN MODEL
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Ice edge eddy with diameter of 30-40 km
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Ice edge eddy with diameter of 30-40 km
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EddY 2D/3®> | ~ Rossby radius
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Of deformation
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Ice edge bands
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Wind streaks in cloud structures and SAR roughness
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Structural changes in the MIZ — 3 days interval
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A1l

100 km

ERS-1 SAR image of a 500
km area along the MIZ in
the Greenland Sea from 13
January 1992.

Same area imaged by
ERS-1 on 16 January
1992.

, St. Petersburg, 19-21 November, 2019
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Wind streaks and cloud structures

~ optical instrument may
observe cloud streets aligned
with the rolls

|-\ d “mean surface
S s wind
P

geostrophic winds

l\h H;L“H "_r;
AR Ay 4

L. .
z
T | T T vertical wind
component in
A SAR instrument may observe l B
; v rolls
variations of wind stress on the
sea surface
& A
' horizontal wind
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LEAD FRACTION AND SHEAR/DIV ZONES

Processes at the mesoscale to sub-mesoscale

SAR image(s)
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Sea Ice Deformation

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

Courtesy Ron Kwok

Dlvergence
OU/dOX + dV/dy Shear

OU/OY + OV/OX

Vorticity
OV/OX — dU/dY

..i'_ & 3@.’?’?
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Courtecy Ron Kwok




Speed, shear and divergence

Divergence rate (/day)

Shear rate (/day)

0.03

o \ ,” o) , ! | b R i & v 7
e
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By-0.01

Ice speed Ice shearing rate Ice divergence rate

Courtecy P. Rampal
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February 2018 polynya opening north of Greenland / warm atmospheric event

neXtSIM-F forecast for the 26 Feb. 2018

-~ ,‘/ \
v ]

0L.00

Question 1:
How to capture both the intensity AND timing of these types of extreme

00.40

Mechanical properties preconditioning, e.g. initial
conditions?

hlgh resolutlon / accurate atmospheric forcing?
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Sea ice deformation from Sentinel-1 (SAR)
20180212
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Sea ice deformation from Sentinel-1 (SAR)
20180214

SOLab, RSHU, St. Petersburg, 19-21 November, 2019



Sea ice deformation from Sentinel-1 (SAR)
20180216

—— "Fh'!- — = - r F g 7 =T X =
T R o A
[

1 o (‘ A
Fy R 4 g .I.

LA

045

— f— - g g e

0.40

035

0.30

0.10

pons

- 0.00

0,05

SOLab, RSHU, St. Petersburg, 19-21 November, 2019



Sea ice deformation from Sentinel-1 (SAR)
20180218
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Sea ice deformation from Sentinel-1 (SAR)
20180220
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Sea ice deformation from Sentinel-1 (SAR)
20180224
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Sea ice deformation from Sentinel-1 (SAR)
20180225
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Freeboard height estimation from Altimetry
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Satellite radar altimetry

Radar
transmits
known pulse

Echo is
distorted as
spherical
wave-front
Intercepts
surface

Travel time is
calculated by
comparing
common
points on

NERSC Nillse & echo

A1

power

Side view

power

time

Plan view

time
Range = %2 ¢ * 2-way Travel time
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Snow (g,) Snow depth (h,)

lce freeboard (f,)

£, h
.fli.‘:-fi!:+h's r-_a—l r =_f.~_f:',:,;+ i
(" ) hi P =1

f. anq fi Is freeboard height, total and sea ice only; Ps.w.i IS density for snow, water, ice;

h; is sea ice thickness;

h,is snow depth; C, s is speed of light in vacuum and in snow
NERSC . ,

(o
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Parameter Example AN/
Sea ice thickness with uncertainty

Ctyosat-2 March 2014

Cryesat-2 March 2014

Sea lee Thickness (m Sea lce Tl_jickne.-as Llncerl_:ain

- e , . . -
0,00 1.00 2.00 3,00 2,00 0,00 0,30 0.g0 0,90 1.20
CryoSat-2 March 2014 F_J——

AL SOLab, RSHU, St. Petersburg, 19-21 November, 2019
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Relevant Websites

1.https://en.wikipedia.org/wiki/Arctic_sea ice decline

2.https://sites.uci.edu/zlabe/arctic-sea-ice-figures/

3.https://satellittdata.no/en/mosaic

4. https://www.mosaic-expedition.org/

5.http://arctic-roos.org Arctic Regional Ocean
Observing System

6.http://nsidc.org National Snow and Ice Data Center
(NSIDC)

7.http://osisaf.met.no, Ocean and Sea Ice Satellite
Application Facility (OSISAF — Eumetsat and MET.no))

N RN SOLab, RSHU, St. Petersburg, 19-21 November, 2019
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Summary and Outlook

v EO in the Arctic is extremely important and valuable in the
presence of global warming and climate change.

v Satellite sensor synergy is well practized.

v’ Mesoscale structures in the MIZ is manifested by a mixture
of processes and dynamics.

v’ Sea ice thickness are obtained from combined use of
altimetry and passive microwaves at L-band (e.g. SMOS).

v’ Sea ice drift at various spatial scales are obtained from
range of satellite sensing methods.

v Sea ice deformation feasible from SAR at 2-4 days interval

v Snow on sea ice still challenging - ESA plans CRISTAL

A SOLab, RSHU, St. Petersburg, 19-21 November, 2019



Summary and Outlook

Sea Ice Deformation

v’ Sea ice thickness

v Sea ice rheology (ice mehanical behviour)

v Sea ice drift

v Sea ice flow size

v Sea ice ridging

v Lead opening-closing

v Wave induced sea ice break-up present, but not fully
detected

v Influence of tidal current still to clarify
NERSC

A SOLab, RSHU, St. Petersburg, 19-21 November, 2019



In the interior of the Arctic Ocean
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Norweglan

Ay Institute

Automatic analysis

Satellite sources:
-Sentinel-1
-AMRS2

Horizontal resolution 1km

Date: 2018-10-08

lce Categories:

Fast lce Open Drift lce: 410 - 710

Very Close Drift lce: 810 - 10/10 - Very Open Drift lce: 1/10 - 4110

|Cros= Drift lce: 7/10 - 8/10 - Open Water: 0/10 - 1/10
\

\
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Date: 2018-10-08

Norweglan
Meteorological
Ane Institute

Automatic analysis
Satellite sources:
-Sentinel-1
-AMRS2

Horizontal resolution 1km

lce Categories:

— Fast lce Open Drift Ice: 4/10 - 7/10

— Very Close Drift lce: 9/10 - 10/10

T — 1 |Cros= Drift lce: 7/10 - 8/10
AN

Very Open Drift lce: 1/10 - 410

Open Water: 0/10 - 1/10

\

I'I
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neXtSIM for sea ice thickness studies

Thickness4 (m)

- 2010/11/16 00:00

13.5

Olason, Rampal, Bouillon, in prep.
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Thin Sea Ice Retrievals from SMQOS

A T':

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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Doppler based velocities and Pattern recognition

2 1l \ “ SOLab, RSHU, St. Petersburg, 19-22 November, 2019



Assessment of sea ice drift from Doppler

20100101

0.6
0.4

0.2
0.0

—E.2
-0.4

Normalized radar
backscatter
(grayscale
Image), sea ice
edge (black line)
and Doppler
derived
iInstantaneous
velocity (colored

image, m/s).

—0.6 The white area

indicate good
agreement
between the
pattern recogn. &
SAR Doppler.
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Sentinel-1 TOPS Doppler & Sea Ice Drift

Amplitude

Doppler RVL

0.2

[mys]

3o RS
e
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. Kraemer, H. Johnsen, C. Brekke, Engen G., “Comparing SAR-Based Short Time-Lag
~~ Cross Correlation and Doppler-Derived Sea Drift Velocities” IEEE Trans. Geoscience and
no rU " Remote Sensing, Volume: 56 Issue: 3, ISSN: 1558-0644, DOI: 10.1109/TGRS.2017.2769222,
MEIRTHERN RESEARCH INSTITUTE }.“ 2017

NERSC
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https://norut.no/nb

Doppler-derived drift [m/s]

0.0

-0.5

-1.0

-2.0

=2.0

Assessment of Doppler shift retrievals

Slope: 1.351 | o
Intercept: 0.152 |: : v/
RMSE: 0.154 | ; '
; ¥, /
: i
: : 4
: 4
i /
. s
; s .
. r
vy
7
/) ] ] ]
-1.5 -1.0 -0.5 0.0

Cross-correlation drift [m/s]

480
420
360 2
=
300 &
bS]
240 -

-4 180 E

120

Doppler-derived drift [m/s]

e
o

|
o
[

|
=
o
T

|
=
w

-2.0

-2.0

T T 1 rd
[ |Slope: 1.264 | .. ]
Intercept: 0.125 | : :
RMSE: 0.071 : : o,
: : 7
. . 4
: P
: L
: i
: £
. Vi .
: 7
4 ra
-/
v
s
;o : : .
1 1 L 1
-1.5 -1.0 -0.5 0.0

Cross-correlation drift [m/s]

Doppler-derived drift [m/s]

0.0 Slope: 1.339 : 5 i /
Intercept: 0.071 | : %
RMSE: 0.068 : : :
-0.5 7
: /£
: 7
: ;s
: ’
—-1.0L- A
S
7
/
7
—15F P . S S
’
;
4
v : : :
_20 £l L 1 L
-2.0 =15 -=1.0 -0.5 0.0

Cross-correlation drift [m/s]

Scatterplot of cross-correlation (RSAT-2 and S1a) radial velocity versus Sla Doppler radial velocity.
Left: EW3, Mid: EW4, Right: EW5. All estimates are averaged to around 10km x 10km.
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The main source of the bias comes from imperfect compensation for
antenna DC bias over swaths.

_CIRFA_

norut

MORTHERM KESEARCH INSTITUTE

Number of points

o

SOLab, RSHU, St. Petersburg, 19-22 November, 2019


https://norut.no/nb

Orbital opportunities for satellite EO monitoring of the Arctic

LEO = Low Earth Orhit (100-1,500 km)
MEQ = Medium Earth Orbit (5,000-10,000 km)
GED = Geostationary Orbit (36,000 km)
HED = Highly Ellipfical Orbit

P L1
A Tr SOLab, RSHU, St. Petersburg, 4-6 December, 2018
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Envisat SAR image from the Fram Strait from 1 January 2010.
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When ¢ = 1 as for sea ice the reflectivity is
minor. For sea water ¢ < 0.4.

1 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

T,=eTe™ + T+ (1-e)Tgume™ +(1-e) T, e~
(1) ) 3) )

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

FY = First Year Ice

MY = Multi Year Ice

Shenzhen University, P.R. China, 12 - 17 November 2018




TB=(1-C)TB,+CTB

ice

C=0% C=100% 0%<C<100%
Err:  weather emissivity mixed plxel,
resolution

(25km -> 12.5km)

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



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

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



~September 1979

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

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



x 106 lce Area, NORSEX SSM/I

20181110 | http://www.arctic-roos.org/
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The latest date in 2018 is: 1110

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


http://web.nersc.no/WebData/arctic-roos.org/observation/ssmi1_ice_area.png

FREEBOARD HEIGHT & THICKNESS

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



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
Less sea ice

Energy out

Net positive

Increased sea level imbalance

; ’ Today = Energy imbalance
2 . 2
( ”ﬂgEE - 0.5 -1 Wmr




1.Table of Content
- Background — Polar Region perspectives
- Essential climate variables
» Sea lce
Sea Level
Ice Sheet
Glaciers

Ocean temperature

YV V V V V

Ocean salinity

» Currents
- ESA Climate Change Initiative (http://cci.esa.int/)
- Summary



NERSC
Scatterometer over sea ice

One fourth of the backscatter coefficients obtained from the sca_ cc.co .. _
are generated over the polar oceans. In active microwave, sea-ice areas
appear as isotropic surfaces. Their signatures are not related to the
azimuthal angle dependence but to the incidence angle of the observation
and the radar backscattering varies considerably with the incidence angle.

SOLab, RSHU, St. Petersburg, 4-6 December, 2018
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Waves in the ice on 5 October 2014 from S1 (courtesy SWARP Project)
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The Electromagnetic Spectrum

Jamma ray ultraviolst infrared radio
e ' ' g ' ' -
A-1ay ‘yisible microwayve

Short wavelength -I I Long wavelength
Higher frequency Lower frequency
Higher energy Lower energy

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

‘u-as ' 1.55 42 s575[10.9 22 |as 46 56
Frequency 0.3 GH=z 1.0 3.0 10 30 100 GHz
Wavelength 100 cm 30 10 3.0 1.0 0.3 cm

2 1l “ SOLab, RSHU, St. Petersburg, 4-6 December, 2018



The regions of the Arctic Ocean and surroudning seas
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1: Barents Sea Section

Z2: HKara Sea Section

i: Greenland Sea Section

4: Canadian Arctic Section

5: Baffin Bay Section

6: Beaufort Sea Section

7: Chukchi Sea Section

8: Bering Sea Section

RUSS1A

9: East Siberian Sea Section

10: Laptev Sea Sectio
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2 1l \ “ SOLab, RSHU, St. Petersburg, 19-22 November, 2019



Satellite Observations of the Cryosphere

Global Climate Indicators

’

Temperature | | Atmospheric Ocean

and Energy || Composition || and Water Cryosphere

e

Surface Atmospheric
Temperature CO,

Ocean

Acidification |  Glaciers

Arctic and
Antarctic
Sea Ice
Extent

NERSC -
- £ - "'\l
A 'Tr_ SOLab, RSHU, St. Petersburg, 19-22 November, 2019
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Antenna size, wavelength, beam width and coverage

sin ¢, = A/D  Beam width — —

R=2HA/D

H = 800 km X

E f
A= lcm Ilu'lll l¢r
D=1m X \

\
=—=>R =16 km X ILI‘

4 11 h SOLab, RSHU, St. Petersburg, 19-22 November, 2019



Scatterometer over sea ice
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From freeboard to thickness
CryoSat-2 f;a CryoSat-2 :ga ice

. — #
:

00 01 02 03 04 05 7 ; . : 0 1 2 3 4
Freeboard (meter) 4 = ' : : Sea Ice Thickness (meter) 4

SOLab, RSHU, St. Petersburg, 19-22 November, 2019



Sea Ice Thickness

b) 4.5

B 58-76 Submarine

193-97 Submarine
03-07 ICESat

E11-17 CrynSat-2

Courtecy Kwok, 2018 00° Chukchi Beaufort Canada MNorth Nansen Eastern
Cap Sea Basin Pole Basin Arctic
NERSC . ,
- r VAN
AL SOLab, RSHU, St. Petersburg, 19-22 November, 2019
Y



Sea Ice Thickness

%
‘ Courtecy Kwok, 2018
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