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1. XL &HIC

b =
B3R

OKERZEBIREICIE., BHEMLERRIAE (EEEK & ERKOEBBE (UyPH)
*JdeiliE, R, AR— YO BTIIERKOAKREFEILH70%IZET 5 (e.g. Melling and Riedel, 1995).

*LOLGEAS, BEZEBEEIBETTILOIT )Y FUTOR7—)ILTELS-O. RIEETIOREZ
R ESEBHE=HIZIXBEULGNTAZY)E— 3 U E, (e.g. Rampal et al., 2011).

*ERBREETLIVRSERTLE-OHICE. ERKOSACHRERICEAT 28T —INEE,

<ERKDOREBERE (ETIL) >

T=0s Livs il sl
Leads

20. meters
Fig. 8a. Time; 0 s.

« Pressure ridges

10. meters

Hopkins (1991) Fie. 8. Time: 755
Feltham (2008) 2/32



13km

*ERIKOHEHICIEES N EREGCHEEGIVE => FEEOL—4— (SAR)
*REMMOR—IL =0.3m =>L-band (1 = 25¢cm) A C-band (5¢cm) & Y & HH

ZRKDIHEIZ L-band SAR BAFRATH S Z L[ SAR OHHAEREMN Mo TULV =,
Multi-parameters

Rignot and Drinkwater (1994)
Wakabayashi et al. (2004) Nakamura et al. (2005)

Comparison between satellite SARs

Dierking and Busche (2006) Eriksson et al. (2010)

' Vesecky et aI (1990) |

f=t=L. L-band SAR IZEH¥ 2 BAARITF A+ 57
WA ZEHMBIZIELEE— FAYE (ScanSAR)
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_OMEDER

1. [GIEHE— K (Scan SAR) M PALSAR H{&ZRAWLWTZERKEZHMET S
7ILOdY X LZEFRAFEL, RGEANGKRIET S &,

2. ZEEKEDOERKEMET H(2HT->T. L-band SAR (PALSAR) &
C-band SAR (RADARSAT-2) DERMDOLEE1TS Z &,

3. PALSAR-2 & % F L\ T dual polarizations (HH & HV) O 44wk L .
FNOEHAEOLESZEICKYERKEDRL BT SETEEMN Z 50k,

4. ERKDMEIZHT->T L-band SAR IZEL A RIFTEREZTEEMIZHARS Z &,

4/32



2. 8RB L—4%— (SAR) o RZA5ELD

ALOS-2 / PALSAR-2 (2014558248235 LT, RELERAS)

https://www.eorc.jaxa.jp/ALOS-2/about/jpalsar2.htm

Revisit time: 14 days

Altitude: 628 km

Life time: 5 (7) years

Centre frequency: 1.24 ~ 1.28 GHz

SAR: Synthetic Aperture Radar

- BREMDTESBERNTRE
- RIBREEICEASAAL '
K EOBMEOFEFILL

________________________________________________________

/ ScanSAR mode (PALSAR) )

Resolution: 100 m
Swath width: 350 km
Incidence angle: 18 — 43 deg.

Polarization: HH
/

/” ScanSAR mode (PALSAR-2))

Resolution: 100 / 60 m
Swath width: 350 / 490 km
Incidence angle: 8 — 70 deg.
Polarization: HH & HV

e e

-
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L—5—7EHR

Py Ay
P. = 5 G | O 5
4TTR; ATTR;

J

Y \ Y J

RIETTILD RESN=RTRLEL

BlmiadhizYES

R XMEYMN T T ETHDIER

Ry MEMETHIER A ADLT7 T FHOBOEE
Ge: ToTFHTAY o: L—A—WmEiE

E DX EYH radar signal TEELT S
BEhZEFRHT (B : @)

w= ],

P Gy
41 R?

O'O

41 R?

A o0 A EEL1%2$L (Backscatter coef.)
" ds €:¥om

REDEFDORMEE L TORY HKULNAATEE

AR DEEE TFY ff

(O-l(gnear> =

Ag

Pt Gt 0 AT ds

Iy

—— 0
4m RZ = 4w R? EBE. ALWShDERR

Pt Gt Ar dS UO 10 10910 (Ul?near) (dB)

041 R? 41 R? 6/32
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o IZFHEERITT 3

o FRMEIELEL
* fEm k5T
JLRILDEE

* Bragg BYEL

BETIIEE (6, = 25°) . @KIEh i

- FTEREL

* BIBREH R
*E2EWIC K HEEL
(Dierking, 2013)

cattering
L —

Seaice
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BKIZETS 0 ORERF

o Surface roughness (IF(X$EEEREL)
o BKOYEN., EXHMEE
« L—4—0DKRE (AR . REREE. BTG ASA

&
N

)y DR KRk BIKD
NEfEE
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L— 5 —RRIKTFHE

Onstott and Shuchman (2004) :
SAR RAMELIT KK L Y L RELGREMGISH L TRERENSL

R

FYKRELGRT—ILOREMZ
HET BICE. KROKL SAR BAER)

ZRK(MN > 20 cm)Z T 5(Z(%
L-band SAR A C-band %> X-band SAR
& Y £ B (Dierking et al., 2006)

.

.

JEE (cm)
C-band 3.75-7.5
L-band 15.0-30.0
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XA RRBERICEITHE

5
pmm
Ry
N
EB[\
@1
A
Kk

ETHE: L—4F—2T0FILOBEM
1/e ICETRET HFES

C-band
L-band

(Hallikainen and Winebrenner, 1992) EEBCELNEY v

B 3 j ﬂ% =5 7t L) =
L-band: ~0.5m  {Ki&EELEL %%?’:Jﬁbﬁ\yk DEAEEY THD
C-band: ~0.1m  SRMEAEL
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L—F— 0 FILDREELE

Transmitted radar pulse: polarized EM wave

[ Co-polarization signals (HH, VV)

Cross-polarization signals (HV, VH)
(* From theory, HV and VH are identical.)

SWVWHY V9 FIILEEAHTESR

EXMIZIEDTFILDSERKEL
(Huftz, FEFABIGHEICK D)

() —FEKDBEIEL) v DR
ZEKDBREFIREFHEDTIAIC KX D IRTERLEL

> ASAIKREEALLEMN/N S O
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B2 SAR EAIDOER

1978 1980 1990 2000 2010 Year
| | | I I >
_ fmmm—m————- \ (T Y
L-bandi'c -/ ot ' JERS-1 PALSAR PALSAR-2
o Z > > &
HH. 25 HH, 18 m ScanSAR ScanSAR
m HH, 100m  HH, HV
100/60 m
C-band (. ERS-11 W, 30m Sentinel-1A
S \ b
tandem  ERS-2 VvV, 30 m
X >
("o I
'Radarsat-1!
| P ——— : >
< Radarsat-2
PR . ScanSAR
| 1 2 single channel <ASAR 5 HH,50m

Multi-polarization
12/32



3. A DHARDIEN

B %ﬁ%ﬁﬁﬁ (Toyota, Ishiyama, and Kimura, 2020 IEEE TGRS)
- 43 WA TZ 540
2H158(=81 =

(1980-2010) (2016-2019)

1) 2 I (= RS -
%ﬁiiiéﬁft BAEDHEHREED
- KighE

COBBTERKBMEHTILT Y XA LZERT HFIA
1. 8%, BERLXTEHBRILTHKSBMR €501 ZAVHRANER SN, RGKRAET —F N HLIEEF AR

2. COMEBICIZZEKRNGE N6, BEICERTHEKOPENAEIY S VTILTHSZ L,
3. BLERZTITEIAXALEDHEDIBEIZELEY .. CODMEEDLEZE%FEBT SPALSAR, PALSAR-2E{& X X THF
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| PALSAR | RADARSAT-2 PALSAR-2

Obs. time 2009-2011 2010/2/22 2016-2019
Jan to Mar Feb (cruise period)

Number 35 1 8

Frequency L-band C-band L-band

Polarization HH HH HH & HV

Incident angle 18-43 deg 20-46 8-70

Pixel spacing 100 m 50 m 50 m

Swath ~350 km ~450 km ~350 km

- PALSAR BE{&I3BKDIEEZFHIR TS 7I/ILT) RLDFHRFEIZFER
- ERIKEFHE T AEENFLER T 58, =LA LI=RADARSAT-2 B{% % LLEFEHT
- PALSAR-2 BE{ZIZ7 )L T) XLDHEIE. BELUHH E{EE HY BEOERMEDOLEREZT A 1-OIZ{FH
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2) RIS T — &
R TZF 540 ZHVEKERIAERE S - 2R

PALSAR
Feb 8-13 Feb 4-10 Feb 13-17

PALSAR-2
Feb 5-11 Feb 10-16 Feb 8-14 Feb 6-12

MO T v NR—T X o BRIRE SNEEE
- MR E DAY I T2 D oRESN-METE

- BRI H81E T 8 B ASPeCt protocol (Worby and Allison, 1999) IZH D < HIRERAIKER
(fafah 5 F 2 1km LIRDEKDIEFE., KBOXKET S, KE. Bk, BEELL)

- MRS O ETAEZRAWVWTAIE LI=/KIET—4 (Toyota et al., 2004)
- BETA IV ORT—FAMSR-ENLCEH LI-BADEKZEEET—4 (9fFEE : 37.5 km)
- [EBEMT—4 (ERA-Interim), IZH E 10-m ORAT—4
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PALSAR

E{§ A& R T=BKDE

1np

MEHBFZLITY XL

-

\ Deformed Ice Pancake Ice Nilas

\\ BECEDE, BKII=DDEHEICHE

Deformed ice (thick rough ice)
Pancake ice (thin rough ice)
Nilas (thin level ice)

J # EWFEEKIEDGE D=6

16/32

Backscatter coefficient (dB)

o

1
o1

-10

-15

-20

-25

-30

L 24 points in total

20

25 30 35 40
Incidence angle (deg)

Deformed ice TR
Pancake ice LB
ORH pa = —0.197 6; — 7.55 (dB)

S D-PHFIS A >

HH anomaly = oy — 05y pa

ZHDESLDIFIE (?)

(cf) P-N =I=|JJ'::'|J7*( >
094 np = —0.194 6; — 11.51 (dB)

ASTAIKFHRE -0.19 ~ -0.20 (F@AED LT E—FKD
R E K <A S (Mahmud et al., 2018; -0.21 dB/deg)




L- & C-band SAR M LL&%

“ Deformed /. PALSARTIZ TRk A S#T B 58D E— 5 Ai—D )

THAHANDIZX L T. RADARSAT-2.TlZRIZFENDE—4
NEHER SN S,

2SR EERIKDBED of); DELNE, PALSAR
\(~9 dB) MAH RADARSAT-2 (<6 dB) & Y £ KELy, V.

s ¥

Pancake

Nilas

—> L-band SAR.OAEBMEETT
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THRKODEHEOTVYELS Deformed ice fraction F; = n,/(9x9 pixels)

BIKER @%ﬁ&

S
I
T

Feb 17, 2010 Feb 22, 2010

(%)
90
|

Deformed Q
60 | )
Nce?
| 4

30
|
R IKDTRBAEEE [Z B
ERKDEBDEMIIZFREEDIREE &R EFE

—) [ COF7NIA)XLOERMERIHLIEERSNT J
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ALOS-2/ PALSAR-2 BEi{@ =R TEL SR
HEKDER & DEELR

Feb 13, 2017

0 _
oy = —13.1218dB 6; =43.4deg wh Deformed ice (HA DT LT X L)

EEAH
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BEDXKRDELE

%:_
i
]
|
\Vay

0
o

2016 Mean (sd): 19+ 12cm |

by
o

o
o

Ice thickness (m)
o

‘442 444 448 448 450 452 454 458
latitude (deo)

§ 20— ) T T T ]
= | 2018 46+ 23cm |
w15 R e bommmmees o -
n C ! % oo I ! ]
0) = L ] I.:- . 1 4 1 1 p
§ 1.0 b h e e S S RCEELEEEEEE 5
LS - | 1
S 05F - I -
-.-, B | :

8 gl 1 JY % ke I
= 442 444 4486 448 450 452 454 458

Latitude (deg)

BRERT—42 (ASPeCt)

Ridged area (%) 10 21
Ridged volume (%) 48 65
Number of obs. 33 47

- FETKRITEEICEGD
KRBT =2 EREMOORUVLER

D
o

=
o

o
o

Ice thickness (m)
o

444 446 448 450 452 454 456

Latitude (deg)

Eeo——T———1 711
— sl 2019 ' 172%10cm |
738 Bl ntthb e s oo A A -
Qo i | ]
Lo T e e S TEne =
[&] ]
- ] ]
= I -7 S SRR BRI " YO S5 § R ——— -
-

® - ]
o 0.0 . .

= 442 444 446 448 450 452 454 456

52
88
35

Latitude (deg)

Assuming
Isostatic
11 balance
46
41

(Worby et al., 2008)
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B4D7 NI LD oEHIN-ERKHSEBT SEEBDO ST

(Deformed ice fraction M < v )

February 11, 2016 February 13, 2017
/
"ffg%@
/HH IFIL \
2016 ~ 2018 < 2017
(ZKET—42 (FREMrh)
February 12, 2018 February 07, 2019 2016 « 2017 < 2018
[TEEL TLVELY,

N Y,
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oy |25 F B FABK D512
AR—Y 0 BrEb o FMOKE

- 2RMIZ o)y 1F ody &Y EH$S 10dB ELY
HH%HV%A%ﬁmﬁﬁwx%u
HH s opy [XBKEDIRREICK T HREMNT - LEL

HV EFEHR: oy ow = —0.64 6; — 5.78 (dB)

HV anomaly = 62y — 09y ow

ZEMODIELE (?)
E'Jﬁ L (6; = const. )L/ ’37"’ HV I%ﬁﬁ

’%\ 20 | ' ' ' ' | 1N N N
~ ol i | i i AR—VT®/  HyLHFI
> 10 e A X e e 2016 < 2018 < 2017
E ol | | . .
s | l 250 ) BlEY, KEF—%
—10L_--- e YL e TN VWY Y m
o 10 i | 016/2/11 (27. 2deg) 2018/2/12 45 6degg | e R
E ool i 2p17/e/18 (45,6dep) 2019/2/07 2% 2deg
444 448 45.2 45.6

Latitude (deg) 22/32



Discussion KET—REDER—K%EHT-6 LI-ERIIMAH ?
~KBEBOREIHTDEZEDA[EEE~
BABEOROHEICSE T BMEEE  op o ma

2017

2019
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Areal fraction

(9%)
40

30
20
10

0

KBEDOKE S DHET

Pancake

Grease Nilas 2-20

(%)
40

30
20
10

0

m 0.1-0.5km >2km

'PancakeIBraSh

Grease Nilas 2-20m \0.1-0.5km >2p#

KEOEFBEEDL

62
0
ol m 2017
30 o

O T -20-100m -
20 Pancake Brash
S N N NN .
0 1 1 1 1 1 1 1 1

Grease Nilas 2-20m 0.1-0.5km >2km
(%)
40
30 .
20

Pancake
10 1
Brash 20-100m

O 1 1 1 . 1 I

Grease Nilas 2-20m 0.1-0.5km >2km

2016 2017 2018 2019
1.95 :1.00 : 0.50: 0.85
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KBORZEIDEDNEDESICL—F—TFILICEEZRITIMN?

ER KM DR KA/ S LMZE (2016) ERKAKRE C TKBEBHNKRE LGS (2018)

\)

N ézaf*
& h
ZFHK & IKiE 12K BEEL

N &l iy SRR

<] 7

Feb 17, 2010 Feb 22, 2010

/::mltﬁ*%ﬁfc%,ﬁﬁd\\

% ExEA5Z xR AT S,
sol / * READMME T T KED
RESINTIZELBEITLHIRLELY,

N % N\ « SEEEM 1/4 &

~ REMMMN 2

3:I K — opy & 4-6 dB i%)]ﬂ/
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12

-15 -

=21 -
95 ..

Figure 11. Schematic diagram summarizing SAR backscatter for different ice types studied in SIZEX92 and
previous experiments. The o, values are based on the empirical relationship: oy = 20 log V - 46.9, assuming
that V = 14 corresponds to a noise floor of -24 dB. V is the digital value of the image data received from the

Wind
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IKEEDKEZINHH SAR IZRIXTEL =T E=H5
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1 Frost

flowers
on

thin
ice

Digital value (V)
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Tromsg Satellite Station.
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80
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Drinkwater et al. (1991)
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ERKEKBORE SOMRDENMTERE

ADLKIEE BT ridges (R) &
floe size (F)MDzhER D F0

HLWLWEHDEA : |A = (HH anomaly) - (HV anomaly)

_MQLI'(M@] I [2018/2/12 (496deg)] = |
| . _2019/2/07 (2? 2deg) |

N
o

Sea of
. Arranru st gt g Aot e e s

150 km

[

o
-
i

l
)
o

-~ I
>
g
Sl __
(o]

HH—-HV anomaly (dB)
o

Latlt.ude (deg)

R2018 F2018 R2018 F2018 > R2017 F2017 R2017 F2017

=) AR2018 2017 AF2017 2018 > AR2018 2017 AF2017 2018

L 20184 M R (2 & M E2017ED F IZ& ZEMOMEDEIE ol > 0l by a few dB
FOBENSERIE. ol [X ol &Y HHAB KBOKE EOMBICHT ZBENS
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4 FELH, SRORE

1. IGEA T — R [IZTEDZE., PALSAR (L-band SAR) Mo ZERKEHMET S5 7ILT ) X LEHFEL -,
2.ZDT7IILT) ALNOHTESNEERKOSHRRETBKEREESMEIFEESESHTHT-,

FITYILADZELMFEZT B4, PALSAR-2 EIEFH VT S 5 [ZHIEIEIFE A £,

B.T7INTVXLDEEMEITAFH 19<6,<56 deg [Txf L THIFGDKREDLEMN L HAHAEREEMNDONT=,

4. —H. oy & ofy FEBHITERKDAGE LT KBORESHFICEEEICEEINDS Z EAFIBAL -,
KENMREL - T, KEBOEBEEMN 1/4 £ CkBOXRZZIN 1/4) 1I240IE oy |E 4-6 dB 10,

5.  KBBEOXREEHMOMERMLEFEIL o, DIF53D oy & U HLEAB FLY,
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~ JLtEBm A~ DA~

Multidisciplinary drifting Observatory for the Study of Arctic Climate
September 2019 — October 2020

Polarstern

—F M ZR L B EITHEL THEEDKEIC
ERALTKEBELELIZERLLGEASEA,

BRY :
et DiEIK, Rix, Ux. £PihEk{EFBFEIC
BT A2HEETILORERL

20 September 2019: Depart Tromso
6 October: Arrive at floe
85°04.582 N, 134°25.769 E
14 October: Distributed network completed
12 October 2020: Arrive at Bremerhaven
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Project title:
(MOSAIC) Development of the sea ice rheology and parameterization of the sub-grid scale
deformation process in the Arctic Ocean

(JAXA) Validation of the algorithm with L-band SAR data for detecting deformed sea ice area in the Arctic Ocean

Purpose: To examine the rheology for sea ice based on observational data of ice drift and surface roughness

Science questions:
How can we parameterize the sub-grid scale deformation processes in nhumerical models?
* to correlate the deformation rates between a sub-grid scale and larger grid scales
* to examine their effect on the evolution of deformed ice and ice thickness distribution

Data to be used:
* |ce drift data: Deployed buoys & MODIS (sub-grid scales < 10km), AMSR2 (larger scales > 30km)
* Deformed ice mapping: Developing an algorithm with PALSAR-2 based on results for the Okhotsk Sea
* |ce thickness & surface roughness: Embird, in-situ drilling data, satellite-derived dataset
* Floe size distribution: Aero photos taken from a helicopter

EM bird measurements until summer:
2019 |Sep 30] Oct 13, Oct 14 PALSAR-2 obs.

2020 Apr 04,{Apr 10)(Apr 17)@pr 26 JApr 30, Jun 19,]Jun 21, Jun 22, Jun 30, Jul 01, Jul 07, Aug 07

# EM data are still under processing but will be used to develop an algorithm to estimate ice thickness from a3 4y -
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EMbird Track & PA

Mbird Track & PA

PA|

, 2020

Mbird Track & PA]
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