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In situ observations — Odéri{LOMROG 2009
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Airborne ebservations — new ice & icebergs
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Navigation In ice
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Arctic Sea ice
1999-2007
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MODIS Visible light ihagérypf the Arctic
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Polérﬁh\light (October 4, 2013)
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Microwave imagery during the

AN

o

Microwave radiometry

All weather
Day and night

However, at higher
frequencies not
Independent of
weather influence
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September 15, 2015 ’mbrnmg AMSR?2,

atmospheric influence . "«
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Want high frequencies?

Resolution— why do"we
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Spatial resolution
Antenna beamwidth
O3495—1.20/D
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OSISAF/SICCI Sea lee CDR

N

http://osisaf.met.no/p/ iceLrg-pf:Qc_dai ly twoimg.php

Atmospheric
correction and
proper algorithm
selection allows
daily near weather
independent sea
ice concentrations
since late 1978
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OSISAF-Arctic Sea Ice
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OSISAF-Arctic Sea Ice e‘xf_‘em CDR
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Microwaves?
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THE ELECTROMAGNETIC SPECTRUM
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Planck’s-law of thermal radiation
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E(h,T)= 35 AT

i =6.625 x 10'2T erg- sec (Planck Constant)
k =1.38 %10 erg/K (Boltzmann Constant)

¢ =3 x10" cm/sec (Speed of Light)

Steffan - Boltzmann Law: F=ocT"

-

o = 5.6705 x 107" erg - cm®- K% sec

[Steffan - Boltzmann Constant)

Wien Displacement Law:

[ in Angstroms T in Kelvin)

Leif Toudal Pedersen | DTU | 31/07/2018 | Slide 15

— [T ~ I‘I

—— - European Space Agency



~

» -

AN

Emissivity and brighfness\ temperature
" g : - - .

In 1900 Max Planck empirically derived an expression for Blackbody Radiation expressed in terms of wavelength A = ¢ /v

Tg = €T (grey body) 2¢2  h L
By\(T) = — Wikipedia, 2017

X estr — 1

E=Tg /T
where h is Planck's constant. The Planck law does not suffer from an uliraviolet catastrophe, and agrees well with the

€ is emissivity experimental data, but its full signific Ich ultimately led to quantum theory) was only appreciated several years
later. In the limit of ve igh temperatures or long wavelengthsdthe term in the exponential becomes small, and so the

TB is brightness tempe rature denominator becomes approximately hc /AkT by power series expansion. Specifically,
1 1 AET
he o he h
exT — 1 T C
which resulis.l Planck Function reducing to

which is identical to the classically derived Rayleigh—Jeans expression.

€=

In thermodynamic
equilibrium
emissivity (g)=
absorptivity (o)
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The Atmesphere- Radiative transfer

. . . %\
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/ Tap=Tup + T (Tgg + Tgc)

BN .

Upward

N\ 2 =qo(Too of Atmosphere)

Atmospheric
__— Self-emission \ ¥

>Transmissivity T

Downward

Z/ z=0 (Surface)
Ground Emission

T, €t @e D +logt-exe ) ligl-exe ™)
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The Atmesphere - Radiative Transfer

. T Nz e—r(zH);’cos(@D)d )
cos(@)j (2)a(z) Upwelling

r(z,H) = j a(z)dz

— T Nz e—r(OZ)fcos(@ )d _
cos(é?)j (2)a(z) Downwelling
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The Atmosphere - Transmissivity
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Cloud attenuation amd'b DOV\m{NeIIing temperature (Ty,)
. o ( g

\\

Typical Ty values at higher I}ti\udes

Frequency Ton exp(-1)
[GHZz] [K]
6.9 3-5 0.982 Incl.
10.7 4-6 0.979 ‘ O,
H,,0
18.7 7-17 0.955 Cloud
23.8 10-35 0.918 T
36.5 20-40 0.886
50.5 120-140 || 0.487 Excl.
52.8 210-230 \ 0.139 / Tsc
89 30-110 | \0.749/
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Water — Ocean surface reflection

Fresnell reflection coefficients

€ is relative permittivity
0 is incidence angle

10 GHz
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Frequency (GHz) Incidence angle
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Water - Brightness terﬁperature

The effect of wind .
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Water - Microwave pbn_etfai_tign depth

. 3

T T

0.5 to 1 mm water on
top of ice will have the
same Ty as the ocean
and cannot be
distinguished from
open water

Water Salinity: 36 4.
¥ater Temperature: 20°C
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Above 5 GHz the curve
looks almost the same
also for lower salinity
and temperatures
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Ice - First-year ice si‘gnatufr;__es - Winter

B\

Absorbs almost almost all incoming radiation —
nearly a black body at microwave wavelengths (emissivity ~0.9)

\\ ® Brine pocket (salt water)

Snow
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Ice - Multi-year ice s'ignatljtes - Winter

B\

Absorbs almost all incoming radiation at longer wavelengths — nearly a
black body (emissivity ~0.9)
Scatters radiation at shorter wavelengths (<2 cm) —> lower emissivity

® Brine pocket (salt water)

\ >< 0 Air bly
now
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Ice - Signatures- Summer-..
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Wet snow absorbs almost all incoming radiation -> nearly a
black body (emissivity ~0.9)

® Brine pocket (salt water)
O Air bubble
\

Wet snow
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and snow - Seasonalcycle of TBs
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70 From the ESA CCI
- Sea ice
concentration

reference dataset

230
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https://figshare.com/articles/
Reference_dataset for_sea i
ce_concentration/6626549
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Ice and snow - Penefratic‘arf‘d&epth

N, M

100 cm

30 cm

10 cm
5 cm I
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The influence of ice ’thick\néss (thin ice)
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AMSR2 on'JAXA’s GCQM-W.

AN

AMSR2 Channel Set

i
Center Freq. Band width Pol. Beam width ' Ground res. S_amp g
interval
GHz MHz degree km km
6.925/7.3 350 18 35x 62
10.65 100 1.2 24 x 42
18.7 200 0.65 14 x 22 10
V/H
23.8 400 0.75 15 x 26
36.5 1000 0.35 7x12
89.0 3000 0.15 3x5 5
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End of part 1
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Icecharts
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Include volume scatterings ~..
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Icechart te OSISAF _Slé inte‘rdbmparison

% East
';:; Greenland
< Area
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Z
See also:

Karvonen, Juha, Jouni Vainio,
Marika Marnela, Patrick Eriksson,
and Tuomas Niskanen, A
Comparison Between High-
Resolution EO-Based and Ice
Analyst-Assigned Sea Ice
Concentrations, IEEE JOURNAL OF
. SELECTED TOPICS IN APPLIED

DanISh EARTH OBSERVATIONS AND
REMOTE SENSING, VOL. 8, NO. 4,
APRIL 2015
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Icechart vs OSISAF - SIC ir‘wtérgomparison
: s . . 0

N \\

-» /

Danish Norwegian
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Icechart vs OSI-SAF ice coﬁcé‘n:tration
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CIS Icechart vs Sentinel-1 SAR
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CIS daily ice chart on July 20, 2017

Sentinel-1 S%u@lmedJrurIYDTZQl/OZﬁg-lZIide 38
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Icechart-to OSISAF SICtintercomparison
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Icechart to OSISAF SIC intercomparison
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Sentinel-1 SAR and MET lcechart

2016-12-22 . - .
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