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Application of Synthetic Aperture Radar (SAR) Imagery on Antarctic Glaciology
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Abstract: Antarctic sea ice and ice sheet were studied using the ERS-1 and
JERS-1 SAR images received at Syowa Station in 1991-1993. Analysis was
mainly done for sea ice in Liitzow-Holm Bay, ice streams flowing into the bay,
ice sheet near the coast and inland nunataks. Back scattering coefficient of the
SAR images differs clearly between first-year and multi-year sea ice covered
with snow which are difficult to be distinguished in the MOS-1/MESSR images.
Weak scattering is confirmed in bare sea ice because of the smooth surface and
appears in summer comparing with that in winter. The back scattering differs
clearly place to place in ice sheet weak in bear ice along the coast very week in
the smooth dry snow area and scattered near nunataks.
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BB ILE P ik, KIKDIRREZ S e TR 2720102, AH LY — % — (SAR:
Synthetic Aperture Radar) #4%#% L 7> ERS-1 (European Remote Sensing Satellite-1)
ZAc w2 8 32 Kighr s BLHIBK (JARE-32) 205, F 72, JERS-1 (Japan Earth Resources
Satellite-1) N Zfi% JARE-33 547> T b, IHHDRAET — 513, FiliBisEH M
(NASDA) T | KA THhIL, BAEMHREHIZL ) TrEd s Tw 2

<4 7o SAR 7— %13, 4 F TH NOAA/AVHRR (NOAA’'s Satellite/ Advanced
Very High Resolution Radiometer) x> MOS-1/MESSR (Marine Ovservation Satellite-1/
Multispectral Electronic Self-Scanning Radiometer) D n[fileirstt o th— &80, Ho
W R ZTT, TOKEMBEH D SRR HELZ BN T 5 2 205 TE 5, kK
TUE, WXRDEEDECHRIED I, Wik, AGHfH 2 &ML L% FRGELOE & L
THNL 2D, Y 2V 4RIV AEDWKDEE T DIRICHN TS 5. WHEEIT
KR D ZALRR, KIKNEBO FRFEEGEL L BT & 2 70, R S NEEIC 1T Tk
IRKIHDIRIES 7 Vs 2D A 70 EARRNIBOIRIEZ W L0 TE B 2 HEZ 515,
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WAL T MOS-1, ERS-1, JERS-1 ?2{513, 1989 412 %iE X 72 2 HI A 215
AT LIZE S TRAEEINT % (BRI et al., 1989; YAMANOUCHI et al., 1991). ERS-1
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Data Recorder) #4&# L T\ 3720, 3 L LBAIRKM TOZE I LETITIZ WS,
ERS-1 TEmAAKICL 37— 2L T nwioo, BB 7L A 825 %
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—F%m(%ﬁUiﬁ)K,F47@§ﬁﬁﬁﬁt¥72%%ﬁ%”,@ﬁ?%ﬁ:ﬂb
3L ) Aox—311B, %K 112 ERS-I, JERS-1 #A MU EHAMATICH W 2B 0 #T
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%1 ERS-1/SAR, JERS-1/SAR, MOS-1/MESSR, SPOT/HRYV ik #C
Table 1. Main characteristics of ERS-1/SAR, JERS-1/SAR, MOS-1/MESSR and SPOT/HRYV.
wmE & ERS-1/SAR | JERS-1/SAR { MOS-1/MESSR SPOT/HRV LANDSAT/TM
THEEEE #1 785km #2 586km 1 909km # 832km £ 705km
MEMEHA # 99’ ¥ 98’ # 99 # 99° ¥ 98
E# B # 3. 35, 1768 448 178 268 178
AR (RE) 5.3GHz 1. 275GHz 0.51~0.59um|1) 0.50~0.59um|1) 0.45~ 0.52um
0.61~0.69um|1) 0.61~0.68um|1) 052~ 0.60um
0.72~0.80um|1) 0.79~0.8%9um|[1) 0.63~ 0.6%9um
0.80~1.10um|2) 0.51~0.73um |1) 0.75~ 0.90um
1) 1.55~ 1.75um
1) 2.08~ 2.35um
2) 10.40~12.50um
{n & Vv HH
*I2FT4TFHA 23 35° — -
#7 A g 80km 75km 100km 60km 185km
=R o AR ik 50m 1) 20m, 2) 10m 1) 30m, 2) 120m
(Azimuth) 8 - 30m 18m
(Range) 30m 18m

:2 WIHIEH TOH B ERS-1/SAR, JERS-1/SAR ik {5 #L K
Table 2. Monthly amount of ERS-1/SAR and JERS-1/SAR data receiving in Syowa Station.

£ B 1991 1992 1993 | 1994
ﬁ?ﬂﬁg}ﬁ;(ﬂafg fz&a i

ERS-1 | R@AME M | 2 ﬂm 510}0170 7 oo 14| 7
JERS-1| R WM M 'ﬁ';¥77:—717¥: —-J-—;4 55 | 15 | 11 i 0 o 1

BB 2RISR 3 LD, BH | R TITOI D L~V 2.0 O (3 Look, EZ7 L
2= 7 125m) TlE, SAREROELE, S A Y v 7#E, YA A MU v 7
HIEAIThI, BIBELOSEE D 16 bit DEIFREDT— % £ LT CCT (Computer Com-
patible Tape) 124D LN T 5, F— 2T 2475 54, FAHHEAGELZEZRLT, 7
— & B 1% EELA S (o scattering coefficient (normalized radar cross-section)) %84
BUENH L, F2, HEMIZOWTL, MAHBERORZL ZEE DD ZROBELE DS
KTdH D72, BIRIZIZT v T L Ay ZVHEDPFET 5. D720, BT TIRHES
DB L T ELEND DL, ARDOBITTIEF ) VFNT =505 4X4ER T
B22IZOWTIIO R ZEETH YD, R IEDORE L FHE L T X8 WK
¥y &Ko, REAEEMEL KK, KIS R EGELR DY —25~SdBRRETH 5 2
Y EEE L Sbit IR T — 7 ICER LB THITEZ >0 ZHI2ED, THRDZER
SYRRRELL SOm & EL DAY, Ry ZVHETERIIZ, T XYy 7 otkREE LS
HTw5, CCT F— 2 » bk IELREA~NEBRAIZ oW T, NASDA L RARIN
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TWEROKAZ T2,

o°=201og,, DN—CF

DN: digital number (CCT count)

CF: conversion factor

ERS-1 ? CF (3 +65.3dB, JERS-1 ® CF (3 ZASKFIA R T — % DI % 1T - 72 B A

XD E TR BH, BHEMORET — 8 THAELE KDL > TV LNDIZOWTIZ
+68.5dB A" HIV: 5415, SARBIRTIE, oY —»F 7+ 74 THERKEOIL», K
FOMEDPERE> SR FE ToOMEES L 2L TR E 2728, KEEGRILARELLOEK
DL WO IR 2 (T ORI X, (30D ik o R & iR L'Cﬁﬁﬁ’i‘ LEAITIE, &
WA XNy 2RO ICHIERIE LI TG e, iR TIiE GCP
(ground control point) % HLA & & ASIEH 12 # LL\f;&)CZA[LﬂO)ﬁ@’W’C“ IZOWHEITIT -
T,

3. T T - AR

SAR HI§ T3, {HEkKIKD KR TE & NEEDORR T % I L 72 &5 5 R RE 7 14 HGEL O
FE A1 S5 A%, BUREIRECRRIED I 12 A LB DT R ¥ DORMIC Lisn
WEBEZ T L, Tk SAR BURBEMT ORI S D — 21213, % BELO BRI A H &
PERD X 5 51K LT 2 2120 TOBMA I3 S R Tu A n 2 2 hiF b 1,
PR HIZ L > TRBRAKRESEAL ST LE ), 200, HRO &) ZHBHED
B L WREITIE, sIHREIGR & OB IC , KD HDHEEBELEY ) 51T 5 2 £ a8
EE?%&.Hﬂ%&fﬁm;nofwéMmHmmﬁRw@ I, Al HERAY (&
T4/ F) DENIZHERED MmO T — 7R LN, BRBHEDL 2W2 & 5 8AMH
FcEITH S, ZOEEWN T, KREOMFDORET, KK OBOKE D53 OIEHE
(EfE 5, 1995) 12 L T2 L Twad, Zidh, iyEIRIC L 2 BRSO EHRH
53, KEBORKELZIBIET LI LN TELOICHBOBREEDL I EHNTEL, F
72, GITIC & AR HBELO B, RN EELICEFRIR 2 B8 H 2 A% K, BRRAT
— DB ENTH L. BRI H 72 ZKIKDEF A 7 BRI 21T, KRAIZK
KO T 208 T 5 2 L L EE LT FBRTH 5.

AT, WO IS ELL D Y4 7 WR K O RAEGR & o xt ey 5 dghRig o
SAR B DFF Z i HLIZ B~ 5, KIZ, SAR BRD & HEELO ELD & ki « kR
2T 2R L WA IR 2 b X B 2 4R, T o RTEmR M S 2L, Ao BIRITHY
BELZFE R S WAL OWT RS,
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3.1. BIAEIZH (B SAR Eig O

A MRAT 2 4T - 72 RS T, BRFNSER A & ~0L ¥ A LIRELGIZ T T O T, #i2eHa
RBIFH T 72 £ ON R 2 R IZ £ ik, ORIKMTH S, K112 L 72 MESSR
WA 7w H13, EFOKINLO UK £ KB & DR, KBERIKDERDE: T L < 5
b, 7z, HOKRERS DMIRICBIN T WS (B4 7o EREIZ OV TE, X1
11 FORERS X 2 B = &) SAR FR T, BN L) L W s b, ik
BEBE TR, 21253 199248 H 16 H ERS-1/SAR Hlffi2W. 5412 k912, —fokk
ZHRDBITEDIKNESCEL S THB g d (K247 PO O o7 189--3
Z 41T zxbe L, R TIE A LOB WK DT L A EH5-—0KT, £ PO S Wi (3
EAE D ZAER), ORIKIRLE T3, ERS-1/SAR E{§ ([x12), JERS-1/SAR #if§t ([X
3) O TEEURBD @ e » T b, F72, NEOKIK TE, SARRIZEGELIZ S A7,
B EGELIZELD W 5D BRI, M2 a7 189-,3Z 422 =2 £ & I IBRPEM T 13 8EL
DEA TS BIN T B), 246 D SAR R0 #% K ELO £1013, #ok D &k K08
S, BECDBALIZ IS LZORIKD B IRED E 2B L Tw b L H 2 6,
MESSR 7 X O fmiff & o e, BitLHEOM R E i35 2 &2k, MK EH S

I2¥ 52 Al A b, 22T, SAR HIR THHEN Z 12 T BELO LB T
L, 1) FoKki], 2) F bR, 3) (UKD = DD % % 1F, MESSR JEIf§ X O #
N TR TR AN
3.1 ki ERS-1/SAR i & MOS-1/MESSR B 5 13 AT

(X 4 12K IR#%LFB O FoKkin] ERS-1/SAR Hiff £ MOS-1/MESSR [i{ (band 4: i/ ¥} 8|
%) Z/R3F. MESSR W T3, M OWEIZ L) FRTDEEOR (XK & 240K
DIXHNHH E ) WINET v, 2HUSK LT SAR MR TUE, (PR TROKIN & dok (24
IK) DHFEE AT B 2 L TR L 72FER D@ S, PERTKINTIZWNE D &k
DILENT D7 <, IRDIPENZ LD S IRFEREL D s 7260, TR D o0l L T 2 Ek1-%0,
T E HERD X HAMNIRE T H 5. Z DOIFRTGHEEIE, SAR WD EADIT L A
EAeatzsh, ZAFORMFEERANIC LICHTE 2 (58S S, 1993). MESSR H/f§h & (3
AWM ASTER TS DA D KD HEWNT2 94 K7 5 0 7 DR TE 5755 SAR MR T
E, VIO RIICH TTELO DR IL > T Wb 2 &b, BN o wIZ &

LB LN EOET B4 bIE, 7Ty Z LTI GACE R UL B D i 72012k
HEELH S A>T b X% 2 505, SAREIRIZIZZ 9 La#k ELOS WA £
B2t 54, MESSR M TR TE L WINE L7 T o 7058 LT 2 nhEM:
Ldb b, BREFELEDEEICOGTIE, WRKOMBSKEEA/RTEILT L EHEZ LR
B, ZWEIZH 725 MESSR Hiff & SAR RO [RREBLM 7 — 212 L D, £ a4 & 5Hl
FTEIEDTEDLuREMEDYDH 5.
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Fig. I. MOS-1/MESSR mosaic image around Syowa Station.
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Fig. 2. ERS-1/SAR mosaic image around Syowa Station.
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Fig. 3. JERS-1/SAR mosaic image around Syowa Station.
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multi-year ice

ERS-1/ SAR Range MOS-1 / MESSR
(December 3, 1991) l Azimuth (January 15, 1991) . (k;v:))

4 K ERS-1/SAR #ijff & MOS-1/MESSR Hilf§ o s
Fig. 4. Comparison of ERS-1/SAR image and MOS-1/ MESSR image around Kaya
Glacier.
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R THGEINIHETHE (X7 256 LBORDIEF > TS5k FAMERLIIN TS, 2D
HEHIK D SAR H{R T, HBEBELYTI - T b D i2xf LT, HRV H{§ o (3%
o TWwd, —H, M6 (b) OIMOKITRE FEMTL, TM EIRD 5 BKDTED -
T EHERIZ LS55, SAR BRD % HEELATR D2 LT, HRV W T3 EHK
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range

a . bare ice area

X 0 5 10 (km)
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b : snow area * 3
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=

ERS-1/ SAR MOS-1 / MESSR
(August 13, 1992) (January 28, 1990)

5 X% &Ik ERS-1/SAR [Hijff & MOS-1/MESSR tijf§ o Hig
Fig. 5. Comparison of ERS-1/SAR image and MOS-1/MESSR image around
Yamato Mountains.
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(January 16, 1994) —
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R Lk
Fig. 6. Comparison of JERS-1/SAR image and the SPOT/HRV image and the
LNANDSAT/TM image at the ice sheet around Shirase Glacier.
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X6 (b) DFIKIZIFKRTELDIZ L NZDEWETH 572912, FREEL Y EVW 2 & A
HmARELOEWER B2 L5,

SAR Hf D KRy v X —F L JEBIZIE, MDD E < TR TEELD SR VIR O sHIS A R
51, JARE-35 O EMEGFAE S IIEBMBOEIZ L 2P L 7 VAN R L T
WA R ATE W L HEE I NS, RRROBELIE, K6 (o) O FTEUKEEAIFEIZ b 55
N, SAR H{ED %G EGELOE LY HRV BUROME DL E S AMIEL TWE 2 &2 b,
B LA KRE W7 U Z0B eI NS, —FH, K6 (d) DT L HRV
BRI » RN B 2D 7 LR EHEZ LN 5H, SARBR L IH TR 2R % - T
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SAR ER TR H N D 7 LN ZIERTE B05, ChEXETEREHAL
27 VN ZUIRER T X evs, SRS, Z V2D H & B AGHAI»EITTH BT
HEEZ LD, 7V NZOBEEEEIZOWTIE, CoNY F (5.3GHz) Vv — 7 — Bk
Lo T, 7 U NZEEI D H DB EELYRG C L ER I N TV B (g S, 1992).
FERAER D 51, FR L OMOBIEELD 7 VX ZOMWEER O R EZ B Z T T W50

7 1K DR OMZEY B (1992)
Fig. 7. Aerophotographic ice sheet image around Shirase Glacier (1992).
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REtEDYE L, B> T 7 LN X TlE, BEGEREEIREE, HIko A 107 3% LIz
WA bz, BEIRIAHL C IO AT IS EAT L2 7 Lo 2 hY, SAR R TEIRMIZ W 2
HulBEAdH 5,

3.2. KD SAR HEH{& DB

MKIZ, RIS TIE SR L, HONEEK A5, o4 ezt
LORDFEHE A &, WEokiE, FBOK (new ice), HUIKEIK (young ice), —4K (first-year
ice), ZA4K (multi-year ice) 12X 115, SAR MR BRI Z: % HEGELA RIS, HiAr
RFEHIZ L > TR H72DIZ—WIZF 5 2 T 0hS, HRDRAZHE ) A RIE O M &
T HEFIIP T TOHEKREOK NIZ L 5FERDOEIT, KNI EIDIMEENL iz
D7eHY), ARERELATRE NS A 72 SAR H{RIZM B { 4 B,

I 2 12 73 ¥k i 32 o ERS-1/SAR Wil {§ T3, E 7 (1914 12H3 1), &%
(1992 48 J1 16 H) MWL Z ] THORDO GO RHZ/L 2 i3 2 2 L 5T 5 5, -
DDBEURD 5 1E, ETFELSETTITHIT T, FOKMIEEDE LR TR LD A8
WL THBEDHH025 (N2 T, o7 189-,32 417, B2 191-,3Z2 418 (2§
LD —T) ., LFICHRLIAELORINT 5 ZRTI D L) 8L X 5 L (3 2
Cu, F72, XFOEUR D% STHGELASY a3, KTk & b % RELD &L
LWoNnbzd, EHERO—=WHHMN L T4k L THERKZHDO T WL I Lok
L. F7z, ZFOWMGEN LI, —HKE ZHRDENTEDPKRESCRL LI L L2 5
ZDWEHD ) 2+ « RV AN EARDIIKIZOWT L, JARE-33 705 JARE-34 0)3&{&‘
Wiz, TLSE) 2MADERICHR T E 2wy, 240k R IcE <, JEW ITWE
LTuwizizs, 2%y FERLBUKINIZE 2 2 TOHKDOFIMIIEZ > Thiw, 2o
{3, SAR HUR THENDOEZ I EELIZ N E LB, KEL 7 T 9 7L Tk
e s L5,

2D & )IZ, SAR R TIIAFDOWRDE - LR HHEDE L LT b 728, ]
#, ALRIMVEIR TIIARET H - 72, KD FEEILIZ O T OB A hE & 7 5,
3.2.1. gk SAR Hilff D

IXI 81, ZFRIZHITHY 2V + « FILLAFHED ERS-1/SAR HED AR T,  #UkE 411
DRk & ZHIRE L 52T D, —HRDNIZIZE OO HHR S 4, 10-20 km FEFE D
KESORBEDPHH L T D2 E00h b, KBEDOMNIZII% FHGELO@®E AW S, %))
XELDYES WK D @ A2k & L L <13 =F & (nilas) & X 9 Z B WA 412 % <
W ook s BbiLs s, CNVFﬁﬂﬁwmwmﬁﬁﬁéHW$ﬁ¢®WW@%Lh.
X9 12iF, X8 123 L7z 3 Mnmiz iy » 722 HELR B B E2 R L 72, K9 (a-b) 1208
T~¢*#byﬁmmﬁﬁfmmwﬁwwﬁﬁﬁﬂ%ﬁm%mTu,zﬁmﬁ5¢tﬁn
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ERS-1/ SAR
(August 16, 1992)

189-417
( 68°49.2’' S )
38°34.2° E

first-year ice

B48 ERS-1/SAR FfRIZIBHFHILHIG R OWOKOR T (VY2 189, 17417, 1992 4

8 J1 16 H)
Fig. 8 ERS-1/SAR sea ice image around Syowa Station. Path 189, row 417, August
16, 1992.
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o / To |
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o o
o H (=)
& nilas \}:_ - N
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Fig. 14. ERS-1/SAR ice sheet image (path 189, row 422 August 13, 1992) and
classification of ice sheet chart by MOS-1/MESSR multi spectral image
(path 60W, row 221, February 23, 1989) around Yamato Mountains.
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Fig. 15. ERS-1/SAR ice sheet image (path 193, row 424, August 13, 1992) and
classification of ice sheet chart by MOS-1/MESSR multi spectral image
(path 60W, row 224, February 23, 1989) around Belgica Mountains.
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Table 3. Characteristics in of SAR image over sea ice and ice sheet area.
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