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Study on Remote Sensing of Marine Pollution
— Pollution Detection by Satellite Images —
by
Hiroshi YAMANOUCHI, Susumu YAMAGISHI, Koji NONAKA,
Tomihiro HARAGUCHI and Tadashi NIMURA

Abstract

Oil spill response reports were reviewed from the technical point of view. The state of the art of
remote sensing was also investigated focusing on the cleaning up operation and the monitoring the
marine environment.

Although there were many reports and statistics on ship accidents, causes and counter measures of
the ship accidents were not sufficiently clear and effective. One of the reason is difficulties of analysis
of accidents which were collision or grounding. More precise and time dependent analysis of
accidents will be necessary. From statistics, major oil spills were caused by tankers and about 40 % of
their causes were mis—maneﬁvering and about 30% were related with some defects on the
maneuvering system. Therefore guide lines of the maneuvering of ships have to he reviewed and
improved.

By processing satellite data, the major oil spills occurred in the Prince William Sound in Alaska and
in Persian Gulf and the surface state of Tokyo Bay were analyzed. The results show that the contrast
enhancement , especially, including the band 5 (1.55~1.75 xm) of LANDSAT is effective to
distinguish the oil slick from the surrounding sea surface, and statistical analysis also provide
referential data for detecting the change of the sea surface.

For further improvement of the image processing, the removal of effects of aerosol is important.
The aerosol near the surface is especially influential and has to be treated more precisely. Lidar
observations were effective for verifying the optical atmospheric model.

Although there are still many difficulties, the remote sensing from satellites is an attractive means
of monitoring the marine pollution. Regular observation by satellites cooperated with air planes and
ships is considered to be effective for detecting the change of marine environment in the early stages.
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Type Nd : YAG
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Repetition 1 ~14Hz
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Accuracy 8 /12bit

Sensitivity 0.25/2VF.S.
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Resolution < 0.1 mrad

Accuracy < 0.4 mrad

Velocity 5 deg/sec

Output BCD 5 Digit

B 2—5 S44—w
2.3 &8

HAOLEZ RIS %75y > TRANE, FEHZCCD %0
FHERTOFREEICL Y RN, %@F@Ehﬁ
B2 oND . HRBRAN 3510 T & AN B

LTRLKZEDTERENVWEDTH B, fraig#Hon]
- RS EIRIE . KHSEhS gL A B S g b T2 3
2L WEEERREREETH B, L, kD&
BEWRY VY —Tatill e A XY b LA EMT X 3%
HENE R OMEHANEATED . s 20 P L&
& IS ZEE 7 R BE O 5 S IS 23 FH T & AU TE SR A
NOHE T EEL OIS,

TUT 4 TRANE. AT E WS 720 3E
BEMEL 555, HEAEHAREKFICHEIhEZ L
AN, R, WMIRE X &L, ZThE THEET
HotZebPEaIch s Ll Ins, -, 75
“%%ﬁ%f 3. MGRITHEE, NV T a2 - ikl

2R TE ABEMEICEAZRES N E R Tnh 5,
Bt L, ThoORBIZBIBZ B HEAREE &
S CED

Bty 27 48 LR, RO LA D RME
TR EDE IR L L RN A N —
ZEIITHER L. HonzEMERAIL L, BighsH
E U TRELRBENTGRICRETCE S LI A FX Y b Y
— I MLEXZ B ER D B,

BB B Tl &R R TiE. Kigo
AT S0 FRIS T OLA R O/ X WIEEERERH T
I7 0L DEERL KON SR AT+ 2 Z &
NEHEETH Y,

1) RO AR B 2 5

2) wh, Wi RIS 30 B RS L B B g

3) YD K& T O RGHEE I B B g
GEDOWMZEE A iTbE UL S 5,

3. MEE®

HIEE TNzt v =D % i3, #RIcEiRkxh T,
IRBEE IS T aeme | #z - NIMBUS- 7 12
5K X 1 72CZCS (Coastal Zone Color Scanner) T4l
RGO B 2 BRI RAE S 726 Lz, ZOMHIA
T L7tk x5 & U 224 13 48 < LANDSAT.,
SPOTS D AU & Mz, AT TII L mi{g % Hlhv
TG SRRAI AN O T REMVE A B3t 5,

3.1 EfgNES T L

T YA LHEEMSE T — 213, CCT (Computer
Compatible Tape), 70 v ¥'—F 4 X2 . BEHOXE
X7 4 A2, CD (Compact Disk) DT —#Ic
fiftxhs, 709y ¥—F4 2237 -2 DFENL
BRVNES W, T 204 5 72912, PC (Personal
Computer) £EWS (Engineering Work Station) #
Az v 27 40d, 78 a v ARk (PC9SRA).,
KR T 4+ 22 (512M/NA b S 64M/SA 4 R4
TX2HE), YA, N A)8—TL—24 (R, G. B%
8Ew b I640X400 2 ), PHET LT 4 2 (%
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BAMASA ) BlZXoEBREhTW3,

F7-. EWSIZIBM /ST — 25— 3V 320%fHFH L
7. BEEBRT -2 20D 21211 GB (FHN
4 F) DESFFEDNHTT 4+ A2 (FHOLHEE.
$573MB). T4 A7V —EHEDOERF v b (K2 %
) Fid1280X1024, R (). G (). B (F) I
HOMNFRREERT - 2REEIXS Y b (256F5H) D
TNhT—FER., A4V ATVEOMBTH 3,
LANDSAT TM (Themateic Mapper) ¥— %2 7L
v—rv7—4 (185 Km #i#l) #CCT (GEEE 6250
bpi) TEEAL. HEHEL Y % -2 5 IREBOXBIRT
4 AINEER L, ZOBONUEET 72, TM1 V-V
2757 FCH300MBOEETHD ., 1o — v 5D
BF -2 EREOEHRT 4+ A7 ICiEFEL, &L —V
BIIHWRT 4 A7 & ZBLUTEOHBONEET -7,

3.2 aYFSAMEH
HI L 32§42 8T 52012, b3 EEHH

DF—ZIZEHL. ZoHEORK - /MEEF— 4

DERETRRIZEID S CEELARRTIETI L T

2 MBI LTI TS5 L0HNTH BBW,

O B&F—FIDOWTHEBHEEZOEEZRTLA b
7 LEERT B,

@ fERLZLZAMNFILF—42%32LiULT. BW
BIRABEGBEERT 27010 FIRE TIROBE %29
3, —REIZHEE T — X OWEEEIZEEERIZ bR T
XD T, BROFT— 2132 2 CEET 3 FIROE
KD RELREOESHE | BHROBRAE R IZE
MENLETICERAEEHEE L TERENS,
FERERO-HOERIT, B3V FEOLX 75
AOWELZER (U) & TR (L) OBRMEE#
MUT, XX TEET 3,

- RFEEM= (i-L) / (U-L) X255
FTIEEESEOERE, ZFREEEIL0 LT3,

B NUFBOLANSILEREICLTHRD BN
FEAFERELT, 320 FEFAVWTLI Y -VE
EOEEAERT 5, TOE, FAROEDICHERT
HEEBET— 213, SRERICTF— 243V oL
TiT o,

@ EHEEOR»S, v 2 ERANTERORANR-
WiE AR L., BROWRA4ERICHEERYT 5,
® FTAREIML-EHEROPTHEHRZWEEE Y 2 TE
FEL., HELAERICOWTOBREEBEO SR
BAE 7S5 TRRLT. NV FBOSHOBEDEFENR

3,

3.3 HEEEKT-H

Hf§ 7 — 2DV A &R —LICRT, HERNES
ICAFTEBMWET -4 & LTiE, LANDSAT (7 ¥ F
#w b)), SPOT (AKX b), MOS-1. 1b (8%),

(132)

ERS. JERS- 1 %4 %%, ChH6DF—2 D% XA
5. RIHEREEBR AR O»DOREEER SV F)
230 T, ZhFPhOBERB TOREE SLE X
hTw3s, ZZTERECAREERMRERERDO
VH—THHIX AT —RiIZoWT, By —FICE
HEEDOHE A RTE A NI LEED, BV —
THRE S h=EENER L, EOREBER LT
X305 R5,

BUIOEE]| , . st o] s b E
wRe |mhrew| <7 %ﬂ% A %Mﬁf SRR
A pm, (m)
LANDSAT| 1972 | MSS 185 |4 0.5~0.6 30
11,2345 5 0.6~0.7 30
6 0.7~0.8 30
7 0.8~11 30
™ 185 [1]  0.45~0.52 30
2| 0.52~0.60 30
3] 0.63~0.69 30
4] 0.76~0.90 30
5] 1.55~175 30
6]  104~125 120
7] 2.08~235 30
JERS1 [1992/2/11-] OPS 75 [1]  052~0.60 18
1998/10/12| (VNIR) 2] 0.63~0.69 18
3] 0.76~0.86 18
4 0.76~0.86___ [ui/{1(1)
OPS 75 |5]  1.60~L71 18
(SWIR) 6]  201~212 18
7 213~215 18
3 2.27~2.40 18
SAR 75 1.275GHz
(L—band), HH 18
MOS [1987/2/19|MESSR| 185 |1|  0.51~0.59 50
—1,1b | 1996/4/19 185 2| 0.61~0.69 50
185 13|  0.72~0.80 50
185 (4]  0.80~L10 50
VTIR 900 |1 0.5~0.7 900
1500 |2 6.0~7.0 2700
1500 |3 10.5~115 2700
1500 4| 115~125 2700
MSR 317 23.850.2GHz | 32000
317 0.25GHz 32000
SPOT | 1986/2 |HRV/XS| 117 |1]  0.50—~0.59 20
1,234 117 |2]  0.61~0.68 20
117 [3]  0.79~0.89 20
HRV/SWIR| 117 |4|  1.55~1.75 20
HRV/P| 117 0.51~0.73 10
ERS | 1991/9 | SAR 100 5.3GHz(C—band) 30
1,2 AAY
RADARSAT| 1995/11 | SAR | 50~500 | |C/5/F(j&F5.6cm)| 10~100
IRS | 1995/11 | PAN | 63~70 0.50~0.75 52~58
1C,1D LISS3 [ 127~141[2]  0.52~0.59 21~23
127~141 (3] 0.62~0.68 21~23
127~141 4] 0.77~0.86 21~23
133~148[5|  1.55~1.70 63~70
ADEOS [1996/8/17| OCTS | 1400 0.402~0.422 700
-1997/6/30 0.433~0.453
0.479~0.501
0.511~0.529
0.555~0.575
0.660~0.680
0.745~0.785
0.845~0.885
3.55~3.88
8.25~8.80
10.3~11.4
11.4~12.5
AVNIR| 80 0.42~0.50 16
80 0.52~0.60 16
30 0.61~0.69 16
80 0.76~0.89 16
AVNIR(P2)| 80 0.52~0.69 8

£ 3—1 @WELESRLVY-—F



ASARTCATBE 72T i SE36°55E 4 5 (CFERILE) RAMYE 9

@® LANDSATT —# @ 15 LiFK19724F12IZERTS
(Earth Resources Technology Satellite) & FEE+C
W72 231975 LANDSAT E t 4 & 7z, KENIZ LD Z
NETITSFEITH EFshTnwb, BllllEEE LT
1%, #IHIIZIZRBY (Return Beam Vidicon camera) &
MSS (Multi Spectral Scanner) HM#EH X Tuvr7-,
Z D% 72 REENATIM T, 4 DDOWERIET
DERE &= B 52 L8EZXS b LEAGR
(MSS : Multi Spectral Scanner) & . MSSD R %l
DLEEAXRY MLERG T, A, HRNMERTO
e EZ2R S REEA3OMD YT T 4y Iy S —
(TM: Thematic Mapper) & Wi % B E A3
INT3, TME Y =&, 10 miF O AT I
EINVEELTOONY FTHEEIATHS,
3 — 1 iZExxon Valdez it 2§ #% D Prince William
Sound DM TdH 57, %/3Y FOFEARE T
W5,

@® SPOTF—%: 75 ZADOHE T, 198644 51998
FETICLIE»LA4B5ETHITE LT, £V
B — &R HENCEG 2B TE B EPRED—
DICH S, 2 U Fo =P EZNAF ZANRY
PLE—-FTOT -2 &L T 5,

@ MOST —# : i@l 2 (Marine Observation
Satellite) & U CHFHBARFEMICKLDITS LFoh
7=, BARYIOMEREHOWHEBNEE TCH 5, &8
15, 15b &SN,

@ JERS17 — % : FHiFARFXENIC LD, HEkD 4
Pt 2 I L . EIEERA 2 EHMICE LA, Bk
W, REIRE. K. WREHRFOBMNAE TS H
BRI T 199248124 B i 65 vz, EEBED
ABAII LY — & (SAR) &Y%+ v+ — (OPS) %
AL T\ %, ADEOS i3k s v — /L BRI
i & U CT19969-124T 5 EF sz, Ki5EMD
AEATI97FBREZ AT 1L L 7=,

@® ERSfii2 7 — 4 : The European Space Agency ? 2
-y E— bRV YU IEE 1 FIR19914E, X
WT19954F- 2 5235 EiF 57z, RADARSAT &7
FEYIOEETH 5,

Z Oz A v FOfE (LISSII) #3&E 5 ifaE o il %

it LT3, EOS (Earth Observing System) #/5#

AT =V ary»oDT—2gFHTEELIICE ST

x7z,

3.4 IUVIUNLT 4 —XBILLBHFL?

19894F- 3 H24HIZ7 7 Z # {#%Prince William¥lt (= 35
W, £9200,000 KIO % FE# L 7222V v - N LF
4 — X GNFOKBEAEET B 72012, Hilkh 5 hh, B
MEICRD L. 2 O—EB%942,000k10D 5 & i L.
1,000kmb)_EIZi - THREL L . 3 UWBRIRR I 2w
oo TOHEE» S 2HEBMAEBLAZ4H 7 HIZ,

LANDSATH 2 TELUH X I 7= 5 O SL R ASEOSAT
(Earth Observation Satellite Company) T32{2 41 C\»
720, ZOCCT#EIEA L, W AZRA2, ¥ —ViT,
LANDSAT 4 512k D 4 A 7 Hic#8l#l x 1L 7zPath 67,
Rowl8IZAHYM T A3 TMDF —2 CTH b, 1 —Vi37o
DSV R THR I TW 52, A L72CCTiZ1,600bpi
DILFBEETH 72720, KRADNY FIZDONT] ¥
—VEABEILEY T VDT 7 ALTRD D
BHIZ, 28HDA A=V T 740 (1774 0iE, 13M
INA MEDKEXTHB,) IZDNTERE AT D BEA
H-72, FINOLAN (10Base-5) ##&EHIL7=/Sv v
EPLHET SRR O 7 7 A LR 2 ¥ — Fid, $15KY
AP/ BT1L7 74 NDERINIS D RMLETH B,
ORI, FISEBRT 41 227 OF AL
ERHRE Z>TWBEELZ OGNS,

A FIEE, £ 3. 2803 b5 2 b RFE0Le 4+
19, $abb, £V FiZO>WT—ERRTT—4
BTV VL, ML 2 afEim A ER L (X3
—2). ZhEREBFIZ, &2EFOF—2I12OWT, HES
MDERA T T LT —2EEKTSE (K3—3), NV
F6IZiEEHBRERS, tho/vY FERE %Y R
%, —MRIITEEMEOMNMANC H 5 ¥ — 2 232 5
DIEMEEA, T KD BV EO MR B A &
DEWMAEFTEN TS, K3—4 1R T & ICH G
DERRDI=HDOTIRE FREFET S Z L2k T,
FROEERND BT,

3—2 AfKMm (/3 F5,2,1) (Prince William Sound)
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LANDSAT THEMATIC MAPPER ( TH ) DATA

13 14 15

micron meter

i S
band 5 ( 1.55 - 1.75 )

o

band 7 ( 2.08 — 2.35 ) band 3,2, 1

band 6 ( 10.4 - 12.5 )

LANDSAT- 4 DATE: 19890407

3—1 LANDSAT TMIZ XA/ Y FOHE{E (Prince William Sound)

2508

1 i% "
~
L

A |
8 [y

E ==
0

0 . i
0 WEEEfE 255 0 & #EEI/MLBE 255
3—3 kRN FAL0NYF5)(Prince William Sound) K 3—4 FrL Lo

(134)



ARAREEA 22T S SB366M 45 CPRI1LE) RAaWE 11

F/72. BROmEmOh 55T LA 5 45 4
Z 22y e LTI LY T (X3 —5.
LR 19X12km) ZERC L. Z O 7 ik E Tl
DPLHGHK % ~ 7 2 THRE L, /3y P & i
el 22 4 KD . £ DD FIPHIZ B 5 7 — & % o fk
ELTHETIEICE ST, R3—612i/ 65O
HOREA 72, ZOMEOERIZIZNSY F 5 (WE
1.55~1.75m). /¥ ¥ F 4 (#]0.76~0.90 xm)., /¥
Y P 1 (PR045~052 pm) 2L, RROZHD
L2 2T LOMEL LD FRRE FIROMIZZh 2
h0~10, 0~15 25~60& L 7=,

X 3—5 WRGSLOY 7 (Prince William Sound)

X 3—6 it EaONEEGRY (Prince William Sound)

3.5 EBERHFPIZLDINIWY vBEHRFER

BREEE (199191 A~ 2 H) BR2R4 L7z KBS
WG IZE T 2 v — v 5B 6 R B o AR
5 AR FIVERIZ DWW TR S,

1 H19H b A & Eah R A Ui, KB4 v —
M HREDFMAAN Y 2 BRI Sz, ZDREIT,
3007/ L L ~700)7/5LJL (175 )L=159Y + b JL)
ERF ST W5, LANDSATHIAE TRl & hu=ah o bk
ORI AMEIZR S Z M TE B0 50, QLY v BT

FIIARGEEA35~40 m FEE DT, EOHM (£ 7~
) EReReE, IR Ko THD . WEHT
VR IRE L2 IE A  H  2 d RREE L RN 3 A7
19 % XTI E TRA &, L TR
%L Z2OWMETEREIFAETROND EDLEITKREL
Hiks,

04t DATE:9910 v ) 35 BAND: S 7
(b) 7Y aR—=)LiE (ADKERST)
XI3—7  JEHOPEHECRG

X 3—8 o s E
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158
el SV F OBESE (pm)
- 1 0.45 - 0.52
120 2 0.52-0.60
105 3 0.63-0.69
) 4 0.76 - 0.90
w0 5 1.55-1.75
i 6  10.4 - 12.5
& 7 2.08-2.35
0
45
30
1%
3
1 2 4 5 [ TNV R)
Ny FEOEEMEOE (BE RIS
128
135
120
195
o0
B
T
)
45
=@
1%
0 \
PR E s e T ey
Y FEOMEMEOTIHE (B BRICEVEE
158
135
1=et
195
w0 \
B s \
ﬁ'o / X
45 / |
. J o
e / }
} “
1 z 3 4 & & T (v F)

Sy FEOEEBEOVAE (BR BE» OB

K3—9 /Y FEOEEED T

(X1 3 — 7 DO & g

(136)

SNV |1 ]2 |3 [4 |5 |6 |7
BRI, L
1) 543 16.2 [12.5| 9.9 (37.2 [114.1/15.8

2) MR VIETE | 64.6 (21,9 [14.2 | 6.0 3.7 [106.7] 1.9
3)ERASENAER 509 |13.9 | 9.0| 3.7 | 1.3 115.9| 0.8
TIAT, LI ST =K BT KB EHGR T
4) i 61.7 |18.4 |15.8 [11.4 |25.9 | 77.7|14.3
5) 61.7|18.5|14.7| 85| 4.6 | 73.4| 3.3
HFEE, 1
6) I Bk 19 48.8 |17.3 |12.9 | 53| 3.2 [121.9| 1.6
7)) A|54.6 |22.2 119.2 | 6.6 | 3.4 [123.2] 1.8
Q) BRIER Y 44.8 |14.4 (109 | 5.1 | 3.2 [123.1] 1.7
9) e i) K| 55.5 | 24.3 |23.8 | 7.4 | 3.0 [119.7| 1.6
10) i 543 44.9 [14.2 (107 | 4.7 | 2.9 [122.3| 1.6
11) B | 59.3 |23.3 |16.3 | 55| 3.0 [125.5( 1.6
12) A4S [44.8 |14.1 (104 | 49| 3.0 1275 1.6
WA, V-2
13)EHENE (63.3(23.8 (232 [13.7| 86| 95.9| 3.7
14)EhhENE 161.9 [23.0 [22.1 [125] 8.0| 983} 3.5
15)E/HENE (623 (223|211 [12.1] 7.6 {113.0] 3.5
16) SV EML |57.6 |20.2 (185 [10.6 | 6.4 [113.5] 3.0

#£3—2 FERTOEEEOFRY
K3—7 @F9oo7I38TIREOTERTH T LY

2 R— L EEGDISSKmOEEIZ OV TRLEZEDTH
5, TLY 2 R=LOIEWIZMETE VY I = VEH
BEAETOT 77 VEBIZAT TREOWMAMLEE T
ZOR00 5, ZOEBRBERDZDICIEKRGEIZNY
F5, BIZNYEF2, BRIV EF1EEDYET,
ATEEBEDOIY 5 X M EIEET- T3, EEO
—HICERZH LN, HBNEOLIATRIWMOFEEZR
HBEIENTES, BRICHLEFE M OVWTH 3
—8IZART EHIT, HENICTHERD B LEDTE S
WiER A o A TIE L, &4 OM/NESR O K E
757 CRTERI—9 HELNE, 22T, #
BHITM T — % OB Y F 1~ 7 (AIHEED 5 #4t
R, /N F 6 IXERIREED) 1SN U, M
RBEEETHD, ZOWMEICOVTODRLDISY BT
DREEEOFEHEEAEI—2, 1) . DT, @
MO AT Ol EBRICH W =85 T, B S 22
EEHEEHOEFITONTOREEHEOFHELFE 3 —2 .,
2) I, SR LT, Y-vOHRTY
I7uVILDEEDLENERDLNBEFIZONTD
WEEOEEEEI—2, 3) TR T,

75 A K TORERMBEHERIZOVWTOTMT -2 &,
BREOWMERT — 4 # KT 572012, %L FkRL
B AT, WMEBEICOWTORNY FOMEEEDF
VEARNRBRICOWTHRS, 9, WO



AR TR SB368F 45 (CPRULE) RAeWE 13

DONWTORREEI—2. 4) TR T, WMOEEE
BWT, £3—2, 5) IERTHETHo%.
F3—2 K 0EBERWHBRT - ZIZOWTONRY R ]
T, MBREISEWEE COBEEOFIIEIZ. o5k
SHEDEL KoTWBA, WE»6Hh/ B LOEE
EOEIE L T 5 &, B LOBEEOFISEDT
NHOBEHE DK BT 5, NV F4, 5. 7
2oV, BEOMEEE X O WOEEEO T 25
HoTWBIZENTND, TRV F 5 TIEZDER
BoXDELTWBDT, W LIZEKET2HOFEAD 7
WIZIETMA Y F 5 4HRTAZ L BnFHTHEL I LA
Gh B, £, BuRIMNERERTH S/3V F6ichv
Tid, MEEE DS —FATHI LIk T, WHIS
DNWTDREXEATBED L THHETEBR I EnGho
- SEEHE & h 7= L TOMOIREIZDOWT, £0
EXZzonTEERAENOTERTELVA, 3 A
12HIZ7 LY 2 R=ALTFOIE, v Fv—#XTH >
T vy EREME. REES 12K D DB 0R I
RLTWAEZEREREA TS, FERBRTIE,
BEOWMRREL CHEL TWEEELONS, 7T
ZATOT— ADFA, Wi L BEIZ OV THET S
&SV RS ENYFTTRIEEEHRI DAL »IOEE
BWOEEIREL BoTHD, NV FLEOENEDE
NRENWZ NG h 5B, =720, BEICKEITSHOE
SOMEEEHEO TS, 75 A HIZHT B FEMIZDON
THOEDEDEWEERL TS, TIAAIIBITS
TRl RO EHIRIIC, REEIcbR sl %
Zz5L. INLOEZIWEEXDOEVICLLEDT
BhanwhktEILb6h3,

3.6 EEETF—ZIIOWT
WEBD "ODY —VizDnT, Aoz,
HRBHE, i, BATOTMT — 2 OBEHEEEOF
Wl A FRABRIZOVTHRRS, Y=V 1, JH
HICESH B, ZTOEPOEEBIZOVTIIERZR
Bohd., WIIOEKOBADRDENEY -V Th
%, BEIZDWTOENNY FOEBBEON, 150D
BAAEEGLAEBGED L THE BT TORBREE 3 —
2. 6) i, EEOETHEICN 25 DEADED 5
AEADEREFEI—2. 7) 12, EHIEO L THL,
A S DK E S E 5 VEEDOROETOREREE
3—2. 8) IR T. BHRRIZOWTDOZ/SY FOME
BEEOFHEIZ DN T, B0 ETRIZI2 b OEK
DBEDONBFHDEREFR3I—2. 9) 2, EROD
ETH S 2T A 5 DEKE S F B VROV E S
DEREFE3—2. 10) IR T. BAZOVTORN
v FOBEBEOFIEIZDOWT, EgEO ETRICII
5EDEROBD bNEETOERELR3—2., 11) 12,
EEO L THE 22 H» 6 DEKEEZ EVEEDK
WS OREREFEI—2, 12) IR T, ¥ — v 21,

T2 8 OEKOFEAIFIZERD 61 $, HEEBLEK
ZOVWTHEWENZD 6, —BERESOLOET
MTHEPEENRRONEL ZoTW AT E2EL Y
—VTHD, BHIZODWTORN Y FOEEBEO Y
BORREFR3—2, 13) IEPRTO/BREEI—
2. 14) 12, BHTEVWEDEAD LN LI A3 TOME
RAEFR3I—2. 15) 12, BHATHEWEOED Sk
LIATORREEI—2. 16) IZFT,
HRBIZOWTDTF—2id, SHRERPRELL
ZITREN R ED T, BRERHNO DDy 7
IV FF— 2L LTHHATESZLAEZ LWL
%z, BRTOFHN LEOME P EENE S5 »ITE
HLTI2OF— 2Ol EfT -7, SV F1DOED
. ¥— 1 OWIIOEKEEEEVEIZ, fioF—
SIZHRTRBEMEE E-TWE, ¥ —V 2 DESH}
THLPRELAETHEVERDNIESOME S REE
DETH 2 Z &nBFEEI N, ERICEHYSHE
AERLTNn35,

3.7 ¥£&8

BEWMOFEHOBANICDONWTIE, 2V T X b OHEIE
A, FBLT A2 LIk TERIVERIZE S,
EOSATX DEEA L7=, 7 I X TORMKHERHZD
WOHEKI % &8 LANDSAT TMF — & O %17
v, SV F5 (1551754 m) O FEFRIMROBERIZ,
WLICHEB L ORI 4 -V ERBZZENT
%%, SPOTHE L. MOSLIZIZZ ZTRHW/A/SY RS
AN T B BEEAE LY, FBROBINEZ 2Tl
REBDESULEDLBZENRTHEEIND,

KB WERIIOW T, AR, R w420
WhEEANWTELNHEEBL -0 0REST N
T3, LAL., EE#ED-DEEMICHE»H 5.
WA, FI BRI EN S B LEElTE R, RS
A NN, BROBEICERSPPBEIERE, THY
R OBIBOERIZIGA 5 T & BRZHL N,

4. BEBSIEE

KEF BRI O 1212, LANDSATOH AN
VESICEBME BRSSO, 3V b7 X MNBIREST
ST FERICXOBRINBERBI DI NP7,
UAa L, MR ABERPSKHRBERTERAICOZ-
THEEAEHT AL BIHETH S, ZDLDIC,
HABOMWHEMGEE 7 — 2 £ & U, 7k i
BRENIEDZOEERET IS —DOHELEZD
n5, DT, HREEENRE L THNET - 729,

4.1 pEF-%
HWHRBLHEEE, LTLBBRIZDVWTDTF -4 %
S THAT L 720 4 —2 1220y =Y #RLTY
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5, BRI A GO T/s 2, vy (107,35)
TRE SN HIRIZOWT, 1/2 ¥ — V8L =i
TH5b,
A

X 4—1 BT ORI § X

27JAN92 31MAR92

FKAoDT — 41, 198648 H 6 H. 198743 H18H .
1988%-3 H 4 H. 199042 H22H . 199043 H26H .
19904- 5 H29H ., 199048 H17H. 1990%-11H 5 H .
199241 H27H ., 199243 H31H. 19934 3 H18H I
B0 TH 5, WHERIE, X4— 11287
WA, HEE., LELBRRE L, Y= v oz
BHONMZEEAEGDLEDIZ A B ZOE LT 5 &
IR EME ZBINL 72, eI ERS T 7O LD
7= b OOWEEE P EE O T I & v &l S e
DL BROUIRE T 572,

4.2 WMIEFE

Wi T 4 A IZHDAAZ T 74, T DODW
Bt (W RS SRR 6 Y F L Rk R
1SV F) okl x Ny FiEom{gEs — 2 &
ZFOMOEERAEEL 7 7ALED KD, NV R 6
PO IREERIE NS,

INY NOEGET — 21220 T4 —3 (a, b)

§

05N0V90

o

1SKAROS

X4—2 AFRREL2EET -4 (E0E)
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ARARTCI I e e 365E 4 5 (TFRLLE) RAME 15

TR T LSS A NI 4 5ERT S, KT
BRI ZhZ2EEMEE2R L, HENIC& 4 OBEEOHEE
ERLTWS, BEMIZ0 252550 MIZHHL TH
B0, ZZTRERA NS I LEERTZ20DIC, 125
B4IZDVTRADHEDZDAE 1 L LTELTNS,
K4—3 (a) Fx7aylEx-B3E2OA R0y -V
IZOWTONYR1OFITHY, K4—3 (b) Fx
TRV ERIZEDLZ Y —VIZDWTONRY F 1D
BTH 5,
EROETIE., FEO3INY FEBIRL., 540Dk
AV T LPEHEEDZONEZIZONWT, F0O LRE
TIROEAZBIRL, 020 52550@ICFR $5Z 81
KoTAVIFIZXMEBALLZERETI. M4—1
@NVFS\Z\lwﬁﬁ?—ﬂ%%ﬂ?h%(Rh
# (G). & (B) ITAVHITERLEZLEDTH S,
Zhy — /%ﬁﬁ?%tmu’ # & HRERTHETI
TERLTOBRH, &y —VItEEThdF— 25
FRETEEDOF vy POELDIEREIZZ DT, FRE
N2y -V OdPbERRBE®TD F v FOEIZAS
F—2EBAERTERL, BNOBEE Y X Ti§E
LTTF 4 ATV AIZERT S, ZOH%, T4 AT A
Tl EOMME BT BEESICONT, v 2
THEBIEE 21TV, &Y FEOREHERE E9E £ 5K
b7,

1 1
G ] 48
& B
L\ AN
0 EEE 255 0 HEEE 255
(a) (b)

Bl4—3 evAbZTA
(a) 7Y DA OER. (b) L7 2L DL WEE
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