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scatterometer signatures of sea
ice,” in Microwave Remote Sensing
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Geophysical Union, pp. 73-104,
1992.

Time

H. =20 cm .

2 | Open Water L \ /H"';;.&Z g&‘m —l—
E— / NeDu::IcT_ISt:n 7 f Hi-152fcm
. = Ml T H =
e : Snowpack h =200+em W New e
g Frost Flower /Infiltration and / 15dB -%E%%f&‘);

Production /' Accumulati 57 RS
QO mulatio
o™ “w, . i (2)New Ice—Nilas, Young ice
£ N\ Thick Snow <5722
8 H; =5cm Layerand  Frozen FEIEN(T T V)
8 Saline  gnow - Ice .
] Snow - Ice (B)First Year Ice
< New Ice Interface HEEF(T 5 V)
3 DC =34 Interface
o H; =2cm

} 1
~ 1hour 9 months

EEKEO# A ERELRSIEE FRICKET %
WiakKEhEET 5 & B ABELIREOMET

& EKE20cmi2E & T3 B ARELREH M
7 KE20cmBl_E Tl A BELREIMET

5

TOVH (BRTRA ST )

M OV (150km2)

-

2D DK THFE DB 2TV DR

K DIBBE (3% L THEKEFER U
ZHARLEAK (3HEK U KDEE(E50cmISET B
HKDBIEE XBKEBTNS(ENTFXK)
HKBRELTWTT —YESH O] AE

Sea of Okhotsk

Sampling sites
= 93/2

Yupetsu

Lake Saroma

Saroma v 2.3 4 5

—FKESEKDESAIELDEN

10 T T T T . 10 T T T T )
Angle of Incldence 6: 40° Winter m&:lgt{:]%ﬂ o: 40 Summer
‘:"::‘1’"; e condition 2553 multi-Year Ice condition

u -Year Ice
_ EZZ First-Year Ice ok First-Yeor Ice i
g o . 8
o o
) o
o
g £
S S ok
£ -104 - b= 10
g g
& 3
2 g
= T
2 ]
g - . gor
2 @
i i
30k i =30+
1 1 1 1
L L . L 0 5 10 15 18
0 5 10 15 18 Frequency (GHz)
Frequency (6Hz)
Fig. 20.63 Theoretical o° for multiyear ice and first-year ice under normal conditions (‘mm“lg{.:“]‘;‘w““““““' o for multiyear ice and first-year ice under extreme conditions
(from Kim, 1984). 3 .
<=== Microwave Remote Sensing Vol. III (Ulaby et al. 1986)
L5
1K REAELH < BLHY 24
SEKAATERELIEN 1K - BEKICKREDFR

XEHOVRORZEBERE

1993F2H DB

ERS-1 (1993/02/18)

C/{Y RSAR

JERS-1 (1993/02/19)

L/{Y RSAR

SPOT (1993/02/19)
False color image

xEEVY



ISV REo)—RT—5(th LEAIT —%)H1S

HRIES

‘KR

BE
EE/?K
YEEZOD 7T
PRIE
YMENEE

<K
»KE
VEREZOTZ7AI
VENEETO 7 AIL
»SITRR

.7J<
YR
MENRE

REBI—F+UILOYRE
»70cm:2&
»50cm:2&

SART#EKZRS

SAR

BKREDHES
BKORRCHNRBOES N
AR E E BRELRREER

N\

( ‘A

ow 2, A
C

>—

Ice
BKDIENEE
e KO ERICHWVENDEEET
ERDSOME ) c 3
00 = A+ B*C amsnmmooniEsgl o
B; @k XEDXMERE BYBREEFSEROBR
ik PER D TEEREL

BORERD=>FERET=>HEREET

B=f(Rough, DC)

Backscattering coefficient (dB)

KDEBIS

JERS-1&£ERS-17—

o
S

Depth (cm)

A0

ok | ,‘Sn(nw

; A
10 f //
20E e lce
30% { |
) S Vo
LIV PV PO Y ’I\’Vatﬁf

ENET R STIREE 7 e 7 7 A4 Ll

0 2 4 6 8 10 1
Salinity (ppt)
W 1 ] FKOWEN AR (R
i) (AL D rr/JQ J r

14

5 LR UTCR# A

BITHGELRA A = A L

RNy BB OBITHAN DU FIZAE

-4 1 —g -ERS-1 (R=0.77) _ﬂ(@¢0}5%b§ﬁ§ oo

6 F - =KD &iNiD> & DIELDISNL

E .| o . i -0 s p

® ol KEINOFURE 7 7 3 2D ANDZ 5

10 oo WRE

-12 |

b © ° Ice thickness Thin <---> | Thick

i I B[ .° o I

F ° oo ce surface )

-16 oo o oo temperature High [ <> | Low

- E (o]

8L Brine volume High | <> Low

_20 Lo 4 111 111 111 111 11

10 20 30 . 40 50 60 70 Dielectric constant High | <> Low
Ice thickness (cm)
Backscattering .

Relation between ice thickness and coefficient High | <--> Low
backscatter for both JERS-1 and ERS-1

H. Wakabayashi and F. Nishio: A study of ice on lake Saroma
using SAR data, BAY E— bt 2P U F%¥REE, Vol 16, No. 2,
pp. 59(145)-66(152) (1996)

16



BARELRED SKOTIKED X RADARSAT % A& — o

1998.2.21 | 30 degree 1998.2.24 | 44 degree 1998.2.25 | 32 degree

10
20

50 Backscatter intensity (pseudo colored)

. B S ABELRBOAS AR ZER UISEK/ S X — 9 #EE
T ASARYE (BAHASEARBOERAREE) > BKEROOBERIEE
HEESNIAEER > RMSES EKEDETILFTE(LUTIER)
A BAEEURE > LUTICKZ RMS B L XXEDRIHE

(cm)

PN, BN, BEXE, BiNEE  EAHAESART—YIC L
%ﬂDVﬂ%@77*Zt*E@ﬁE BAUE— Yoo
258, Vol. 22, No. 4, 405-422 (2002.12)

JAREA43 (554 3 R iatl ik ER:RIRK) gk &8l
BABEASAREZFER U KEHERR — o BHEN:

RAEMEIOEKIC > WTHER S
BB KEDREE WIEL. V15 OEAKMOL—5 (SAR)
W SR (CH T DKEDOIERLR THRA i AL FM E ORE S B

M KEHERER HEEREE (4. 7cm RMS)

a.AVJIiEiR
o B KES0cmIZEXT —EKORE
A - REOVBVSEK
. L} c.BEKATIV TN
¢ REOSWSEK
L -z &41 FOTEWAAE :
0O 10 20 30 40 50 60 70 (cm) 0O 10 20 30 40 50 60 70 (cm) -KE
-REHEE
Observed ice thickness Estimated ice thickness SR ITIERR
Lake Saroma field campaign (1km interval) RADARSAT 30°-44° (1km?2 average) BEs
in February 1998 using SPM & Si-Hi empirical model
HERE7A7 7T

IBRRE



BDRECR D)

0
5=
s‘ ~ —
\——-—/—
50 =g
‘--‘_
= P}
§ 100 [ N
g :?;‘
w .‘= -‘--— -
A 150 i r
|
200 =
------------------ =121 09/26
——-L1009/26
= H R
e T B e—
i ; : 5 8 10

Salinity (ppt)

21

BIK DIFE

L21:—5FK
L10:LbBREGE NS K
SL30:EWVWZ K
BT13:68 [CHinizoK

e Dapih, om

ke Safinty, %

Fig. #-3 dealized sslinity profiles in Arctic sea ice of various
thickesses.

firnt-yuar . The femmaining curves are for two types of prafiles
foured in muhiyear ice. Curm (n] typifies the salisity distribution
=1

whsla curve [ represents the salinity profle baneath Basesocia

[1883] Copyright CRC Prass, Ine.h

KREOBEEDELS (L1656 Az:325[)

RMS H= 1.3mm
Col L=26mm

2002/04/22

i
| ||||||H|| |||"'H Il RS H=2.2mm
I |||||| I cot L=23mm

2002/08/22

23

RMS H= 1.8mm
ol L=40mm

RMS H= 4.2mm
Col L=23mm
2002/09/26
EBAHEETILADRR

7J<§@4 R

22

7 VD IIVBIREB KD RIIENT

24

0
--e=-L10
—8 -L15
2 ——L21
<)
o
5]
S -5
i N\
> \
£ o,
5 AR
£.10 . \
z) \\\\\ﬂ \\‘
Q
8 .\‘&\Dfﬁ\ : ’y‘gN
S -4 N
15 L8
0 50 100 150 200 250 300 350



L2 Dt KE & 5 EEL % FKDEARNELFZRHEEZ

6 - . . . . .
K(=)=1p dh . ‘ :
( h) Lo 7 é é 0 5130 Y141 WY 1#2
| i i i ! --e=-SL30
K: ikaEEE @ : | ) =i
0. BKEEEE g s g Date 02/10/07 | 02/11/12 03/01/15 03/01/15
: i, = ° = B
h: kE g 8 . 69 27" 21.7" 69 26' 15.5" | 69 33" 06.6”
PEIKEE = ® g Sp \Q\ | ‘toeation 39 23 4347 38 45 31.0” 38 51" 30.0
L: iigh S 10 3 N \\\e
2 o \ g . Y WEZ 140m 12-13cn 65-67om 1350m
he 2K [roa - aymi 7 Z0f ~,7
= | = © =10 - S - —~
Ip f ! g . ° 3 ' = *E 215 21 394 288
i o ¢ .
@ \ @ S -8
FLEEH=E -13 ‘ ‘ L ® e “.‘@ IO S -21cm -19¢cm -em +32cm
5 | 15 L
14 ; ; ; ; ; 0 50 100 150 200 250 300 350
20 40 60 80 100 120 140
L21 OREEDL S BEOHECHELRBN'CIBIEERLD
A=2.1 BEOPRBVSEK  ERCELHRRE

Bk, TRET, FRIVE FREXE : ERS-2ICLZHIEY 1 BEOZWELEX  BEE(CK>TERHER D
Vo - RILISEDKEARESE, BARYE-M Y YV IEREE,
Vol. 26, No. 2, pp. 138-145 (2006.4)

25

ZEKDEAFELRBE T RAHE

26

. MYI#1 .

i ZmKESART —5Z{EA LT
BKERA

Ice Ice

Melting and Freezing

Feb Jun

27 28



ZRESRFEAOL—5 O8R(T— 5 HS)

ERFIZZAE REITEE

HH, HV " /ﬂ HiR®
ey

w2\ [\ P\ e
Vs VY

KE R RETTHERE (V) RETTHEE->T, BREREISEIEL.
RoTE LB HERBIZRIET 52 LT, HHHVVHWO 2 FH TOEA
F—anIETES

FE REORTIOVT — ZERE 2 P
Bl HVEILKEREZIE BEERKERE

HH backscattering coefficient (dB)

NFEDBKICDWT

a)Thin ice(TI b)Smooth First year ice(SF ¢)Rough First year ice(RF
y g Y
KB TI<SF<RF
0 = 0 T o -0 o ow
: s q 21 g [ Sk
x T ol x RF = x
-10 .: o - g-mv,_.;;_:x : g -20
5 % [ E
20 2 20 IR ik TN " 2 30
5 %on o 2 o b
3 | B :
-30 g : wta o E 40
2 i z
40 -4 |
20 30 40 50 60

10 20 30 40 50 60
Incidence angle (degrees) Incidence angle (degrees)

31

3

-50
10 20 30 40 50 60
Incidence angle (degrees)

ZREERROL —5 O8I (8EL1T5Y)

BRI R L HHELATERDBRAIML OB &R EET5IS]

E} EV| |Sw Sw | |EL
#EL1TF
E' BRIz AT EAHKROBRAINL

E' B8 AN I BELERDOBRAIML
A=k

{4

30
25‘|‘£ Np ,E bl =2 ’# N—X °C= N
71‘/ DB ?(L-nz,\xb\lﬁ.lb\}\7>( 9
-10
g 35 i
= 20 L = I
10 2
o Ow % e
o g o
2 o S ] S e s
4@' 8 £ x RF % é“,
7/
= R g -40 i%"o
£ g —
£ o s ° =w
8 o -50 i
B4 (% 0 05 1 1.5 2
g Ice thickness (m)
24 P 57 % RIEINICRE S 77 BELARE D
T > o 4 v .
E @]0“’ a
2 2 e 5 £
% £
£
]
0 g |
10 20 30 40 50 60 g2
Incidence angle (degrees) ; P
21 X o
> T o
= z
] 1 i
0 05 1 15 2

Ice thickness (m)
KB S KFEEOET

32




SEKIRBH R

PiSAR L/I\Y R&@iET —5 OEMT

H. Wakabayashi, T. Matsuoka, K. Nakamura and F. Nishio : Polarimetric
characteristics of sea ice in the Sea of Okhotsk observed by airborne L-band SAR,
IEEE Trans. on Geo-science and Remote Sensing , Vol. 42, No.11, 2412-2425
(2004.11)

33

SHEET—Y : HH+VV+HV+VH
BELX D =X LOHE

BELIY hOECLZBKRE
(SARICEBBKE=ZY Y VI DEER)
—IRBVEEKD 5 DR S HELRBOE L

Open Water . ’,H,;Eiggm
NewlceStat & H = {E0cm T
/ DC = High Snowpack "1 +H; =200+ cm
;/FNBchwer Infiltration and 15 dB
Produd\i\on Accumulation /

Thick Snow
Layerand  Frozen

Saline  Snow - Ice
Snow - lce

R.G. Onstott, “SAR and
scatterometer signatures of sea
ice,” in Microwave Remote Sensing
of Sea Ice (Geophysical

New lce

Radar-Scattering Coefficient, dB

Interface Monograph 68), F.D. Carsey Ed.
SDC =34 Interface Washington D.C., American
= Geophysical Union, pp. 73-104,
H. =2cm 1992.
!, s
}
8 months

i ~ 1 hour
Time

R AELREBICH T 2EKELD LU EWMERES
—RRBV(C (S REE

LY BVV/HH #A8EL L =R UK EEEE

4 T

VV to HH backscattering ratio
N

PISAR

0 0.5 1 1.5 2

--X-~ko =0.05

4.5

0 1.0m 2.0m
Estimated results for sea ice thickness

35

VV to HH backscattering ratio

Model Ice thickness (m) 2

LRERERFAOL—5 T —5 OEFFE (B8EDH)

CHELTID SHESNS IE— LYY —1TATIZEBBNRD Mlelcn#Ed 375K

A0 0
[T]=(k* k'r) = [UJ] 0 A 0 [U_:T] =hee +hee,” +hee”
00 A

[U_,]-[e, €, e.\]

| 7ILZ 7 A(alpha angle): a |

1 i
k= ,\_E[S.lm +Sn S =Sw 2Sm']

| IvkO t"(entropy):H|

FEHM (anisotropy):A |

'J‘-z";'-_x

3
H=i_PilOg3Pi Q=EPJ.GF A=‘;|L‘+;L
2 3

i=1 i=|

R:a G:H B:
PALSARRS U X~ JE—RODY Y F)L7—%4 (Pi-SAR-L2 data acquired on Feb.24,2015)

R:A2G:A3B:\

e =|cosa; sing cn‘;ﬁe"‘s’ sina, sin e’ i
i R B it ] : i” i

36




TI:Thin ice

o ow
55 &
o SF o
0.8 x_RF ]| M A
. / D/ |
o - ]
) G| . ]
€ 0.6
5 2,
o T
£ o e
204 H g <§6
8 /x ¥x %0
wn 20 o
0.2 g
% G&?@M) @9
0 i
10 20 30 40 50 60

H. Wakabayashi, T. Matsuoka, K. Nakamura and F. Nishio :

Incidence angle (degrees)

Tl

ow

Polarimetric

characteristics of sea ice in the Sea of Okhotsk observed by airborne L-band
SAR, IEEE Trans. on Geo-science and Remote Sensing , Vol. 42, No.11,
2412-2425 (2004.11)

37

HEF—

5 (MODIS)

o . o
MODIS atbado

(a) MODIS albedo on Feb. 17,2009, (b) MODIS albedo on Feb.20, 2010.

MODIS Albedo . H
Ay = 0.3265 x By + 0.4364 x Ba + 0.2366 x By

MK TIE Av>0.1

BRI ERIZET —%

B2 7 —%5 (PALSAR)

Eare
b //\N‘:‘J
/J i J/; e LIST OF DATA USED IN THIS RESEARCH
WA
P
i g S
r o e . N
/’ b [ Satellite/Sensor Observation time Process Level
/’I ,'IKnm::har«a !
. | Peninsula
(‘A’%"\ 3 \ ALOSIPALSAR | 2009002117 1236 GNIT | 0 ‘fll 1('J1AXA/
3] }; Sea of Okhotsk | 2010/02/20 12:37 GMT EpOF'{C)
,‘}-, \ I'/ ¢
% s;knlalir. : &
{1 ] PR !
ki = 2o 2009/02/17 4:10 GMT
// ¢ ;_{,\\.\eiéb Aqua/MODIS | 50 o0 410 avT | Level 1BINSIDO)
o LT
A b ] Pacific Ocean
s L)
P o
3559“-5“"'\;2-\‘. Hokkedo I-L:EIHT.««
ROI location
38

(2)

Erequency

“Tos o3

Fraquency

A il

a0 2

Fraquenty
2

= S

..3..

ol

A
20 -18 -0 -& o
HH backscatioring coeffcint (dB)

20  «i5

(b)

Extracted areas for data analysis in (a) 2009 and (b) 2010

40

coeflicient (d5)

g & 4 F T

25 T T BT}

HY bisckscittaring cocfficient (dB)




wRIZHIBIA T (LDA) B3R

S, =S, +95 253 S, BEPIS (S T (S DB
gt HIBIEC DK X 13 ST LT 5 2 L 2R T
S,
z=ar+b z= z oz +b

i=1
[REZ T ae D%
ai FIBIERE, b, XA Y I VAR
xit AL D IR 2 AT

7 RAER, o WIBIERER, bEEE, x4 ) U VR

X BT HR R E ik L e e R AT

a¥ L ObIL 2 BEOMBALL A RIC 72 5 & 5 2k
CORRELATION RATIOS AND DISCRIMINANT

ACCURACIES FOLLOWING LINEAR DISCRIMINANT
ANALYSIS USING BACKSCATTERING COEFFICIENTS

CORRELATION RATIOS AND DISCRIMINANT
ACCURACIES BETWEEN SEA ICE AND OPEN WATER

) Correlation Discriminant ’ Correlation Discriminant
Variable ratio(n?) threshold accuracy(%) Variables ratio(n?) accuracy(%)
Scattering 0.731 0.25 99.9 HH+VV 0.483 89.4
entropy
HH 0.44 -11.2 (dB) 85.9 HH+HV 0.701 99.3
'A% 0.483 -10.4(dB) 89.3 VV+HV 0.706 98.4
HV 0.045 -27.2(dB) 38.9 HH+VV+HV 0.718 99.3
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Example of a sea ice concentration map derived from
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resolution of these maps is 500m by 500m.

H. Wakabayashi, Y. Mori, and K. Nakamura: Sea ice detection
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Journal of Selected Topics in Applied Earth Observations and
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MODIS Albedo Backstaherng daafficient  PALSAR Scattering entropy
Parameters Mean Standard deviation
MODIS albedo 0.23 0.042
HH -21.97dB 1.15dB
v -21.82dB 1.08dB
HV -28.99dB 0.36dB
Scattering entropy 0.75 0.04
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Pi-SAR-L2 Observations in 2015 and 2016
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Incidence angle characteristics for
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