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Study of the classification method for the costal water in an outfall area along the

Hokkaido coast in the Okhotsk Sea from satellite imagery

Koji Asakuma', Yusaku Kenjyou' and Takeshi Shima'

The shore area along the Hokkaido coast in the Okhotsk Sea have high fish catches and shellfishes live in the ocean
bed such as scallops or oysters accounts for 30% among fisheries resources in these area. Abundant primary
production and enough nutrients to support production are necessary to maintain resource of benthos which cannot
make migration. However the Soya Warm Current flow in these sea area which is the dynamic current of the
Tsushima Current originated the Kuroshio Current have a low in nutrients. Therefore it can contribute to the
sustainable local fisheries in the Okhotsk area to elucidate nutrients sources of supply to the Soya Current. This
study is to development the classification method with four channels at most from MODIS satellite imagery for coastal
water around the mouth of the Tokoro River, which is the good inshore fishery spot for scallops, for the purpose of
monitoring of the influence range of the river water which would be supposed as one of the nutrient sources of supply

to the coastal area of Soya Current. As a result, the transportation of the suspended solids was able to observe about
8.5 km to the northeast direction from the mouth of the Tokoro River in satellite imagery.
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1. [FUSHIC

F k= 7 AR E N RIS K EE DS A 7 & & THI
LNTBY, FR—y Z7#IZHT 54 k= 7IREFGN
DIREW IR 305,770 b ¥ TH B OKENBLLES
#2013). TMFdblmE O MER 1,239,456 b 2 D
24.7%, HAZEOHMER 4,729,000 > D 6.5% % 5
D5 (RMOKES, 2013). FHEHOFET 5 RERIERT:
A W ESE SR O ST IS B Ml TR S OSIZKIETC DK G
Yol 3 62,354 h > TH Y, Fk—v ZIREFANOD
MR D 20.4% 2% 5 (FETT, 2013). #ETHIEE
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ToOfESG T MMEINCRZ L, Ky TH A0 (34.2%,
IBHEH 7.0%) LEHLTBY, kwTHr (24.7%),
A7 by T (23.4%) Lo Tw»b (HEET, 2013).
CDIHBEREYTFHAERY AL LTOMWY -, i X,
e TR & 3 £ T oM & i o [ E s TR
Th. KRYTHAPIOL) GEniEES 215572012
X, RATEICZE LB S L TH ), 20720
E—KEEHTH LM T T > 7 b 2 hSEIREEA

7'] b oM H S (Lalli and Parsons, 1995). &6
EN RS TE MY 77 07 e LTE, K&
S 10 um PLEDO RO 75 > 7 ¥ H5E L T
B KO 7T v 7 b Y BT B 7201 IL 28R
TR e IR & e (AR, 2011). — 7, F Ak —
Y 7 MEOFRENNEI A R — Y 7 EEH TR RO LK
FIER A ok — ) 7R ERIR K, £ O TR ICIERAER
OISR (FH, 1979 KH, 1985), & 512
e E R =2 5 A 40 km fF3T if%/lﬂimbﬁ‘(]lbﬂf
W2 (HHM, 1972 ; Takizawa, 1982 ; FHI3 %>, 1989).
FRBETIT R AR L 52 ERROBM TH 5720
SRR OB R 2T TR O R E MR, &<
CRYMEREEERICIIM L TUE, A — v 7 R EIE SR
2R LT 1TV CRE, 19855 oKH - &, 19865
THEE 2, 2011). F72, FRBERIIE,SBEIZMT TR
F AN OGS L 53 Ai 38 JLAY % A% (Takizawa,
1982), Wifk F CITIZTEHEAVINE 2 0, AF ISR IS
BT 5 &) FHEE LT L5720 (FH, 1972), iR
WADOKBEROMAG S FE T LB T 5. K& THA
DEZZWLTHAILRTH A BWTIE, £F:h
55 FIZ T TREIRBEDSE VRS KOER D) L2
WENTVDH, 6 BICIEEREICB W TERIETRKIF
FELTWD (LEEIEH, 2011). D70, FErbEmKl

DB T EFUREICB T, Pk DA o %3
OWIE AN = AL %L, ZOEEFHEE=5") ¥ 7T
Bl ZOHIEIC BT B FEGENTRE R K E IR O R
P aVA=S

NI EB T 2 K DAL O RBIEOME 1L, RERA
J&DFLAUZ X BIKIEDOE NG S QG &, W T
FIIKIC X AR EZ HND. 612, Ky THA
R EQEEEAY (N2 FR) 1, KREDSIEBIZ) o
TILRES 2 6 - AR O BE Y E 2 EHY :&{rt
KA O A% & FTWIEFE OB E Y Ok b EETH
5.

VAR, AGHERE IS R TUEZ BV TJK A B D58
FEHENTBY, A/FE, RKEI, T O T
AT D ZE @R o DR A B OB B H, 3

._[

e, ek wmE B OEE

NIKOFINR, WeBWk T OEWAMH SN TE T 5
(Il 1L, 2006 : Agboola and Kudo, 2014). & 2554
YR > & 100 km F2 BV AZ 8 3 2 K381 (G duk i A%,
5,590 km?; F¥iE, 233.5m3s™) (2B WT, RAKRER
(5&*575’(_“:17]‘% 3lkm O FE THEINTWE T E
5 (IEMk L, 2006), SRR 2 KB ORI

ﬁﬁ’fﬂ“(‘%&\ﬂ. =77, WERAEICE, wEIB L0
BINDSHAT 5. WEINE, &= 7 b imEinF
KOFNTH Y, IRER X 1,930 km?, 30 = %
2641 m*st CTh A, F72, EIINIHLITIAE 1,480 km?
THY, F¥imit 33.56 m*st &, FEI L) iiED
v, LALGHS, OB THESRR~ DM
NIKDOFEIZET 2 MR R, 20X ) REAOFE
B2 56103, HEMEOMHPENTH 5.
o B R REPAATER T DO AICRE SN B AHS, #ED
7= OEREDH D L 5 FEOAL ST, FFRICHE-S
“CfLﬁEl’JCCT SRS LURETH 5.

ENGE AR %EJI]%}‘% F k= 7R B IIK

DB Z BT 5 2 & % HigZ, MODIS Hif%% H
WK GHEE AR IO DO TH L. FHRBEIGEFv
VRO WEDE=5 ) 3L S BI b
NTHy, LM77y 7 brpborua7 400
aREOEIIZ 1970 FRA2 5 BT b TE72 (Morel
and Prieur, 1977). Z iU, 5 6FmIcb K (Case T
Water) %%, —#BOHM % &2 & 2 im0 8
ARV, ke ruu T v all LB E 2213
WORDPOHEREIND ERET LI EPLIETE -7
(Morel, 1988). ¥L4ECiE, MODIS % SGLI % &) #iis
ORISR 16 /3 FLLEZE S O - BRE O R
SRREE b o v OERIZL D (OBPG, 2015), 71
07 4 a Ao mFEs A7z 8o 58 (F 1, 2006)
ZIELHE LT, BEK (Case I Water) RBHAKIZE
WL, B A KB AR (colored dissolved organic
matter, CDOM), HHAEY (organic suspended solids,
OSS) B Y (inorganic suspended solids, ISS) 7

DHFELMEEL o TETCWD. ZO—FT, Sllkf

%%kﬁLZ) W EM % EOMMIE R R & B IR 22
SRRSO S, S HIIEIA S DAY OEHL
W R & — VT LT B & &ﬁ‘%‘%b\ﬁ—??ﬂ"ﬁ’i”‘%ﬁ
HHNL. WESHEEE M5 HEE RS
L— N+ 7ORRIZH D, mrﬁ@é%%w% ) v
FERHEME Lz, RGeS ET
HELEELRV. Dbz Ens, ABIETIE, 75X
BT v ¥ A VBT OO EKE 55T 5 H
B Er L7z, Mg, mABRm A~ ORI RE
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INF CTOMRERDL LWRIEINTIEE, Ky FH 1
DUFEY; T 57 B e L7z,

2. MODSI HKM BE{&IC BT DiamKD53 48

2.1 FAT—5EHERE

ARWFZECRIH L 7-f 2 mig1E, 2009 4E72 5 2012 412
FORRERFE ERFH TZME E 172 TERRA B &
" AQUA/MODIS OE[{E D H 225, HH TEDHE N
T 5 34 A2 IR L, RIEJIT 1138 38 X 28 iS5 (8.5 %
7km?) B X OF SN 60 % 28 [ 3% (15X 7 km?) #
WHHW Lz, FIH LT v v i, WY FoF v
A1 (QKM (250 m fHEEE), %, 620-670nm), 4
(HKM (500 m f#{§ %), #% 545-565nm), 3 (HKM,
., 459-479nm) O 3 F ¥ ARV E, EHRINY FD
Fx AV 2 (QKM, 841 —-876nm), HikERININV F
DOF v ¥ A6 (HKM, 1628 —1652nm) & 7z, F v
Y AV5 (1230-1250 nm) B & V7 (21052155 nm)
&, /A XOBENKE D770 L7, HKM f#
BREOW ST 458 L, QKM EREIZE b T 1 mHE
L7 WEEGIKA LR, SR BT 50
T, REFFIZE Y BT O RFE L SEWEOBED
Bt ERDS#Ze o72 ), FBERE» S ORI L 5 BAD
A L7200 § 5720 BREE IS MED S AET S (Wang
and Gordon, 1994). # = T, M4 5% 2 — F 6S
(Vermote et al., 1997) = W CTREASTIZ L HWILE L
A —BELOMIE* B o7z M lall, 201244 A
15 HO L A1) —#iiEFH A MODIS RGB A 1% % % 7~
3. ZOHIE, RENZE S CNZE ST OW s
BWTHM T V= AP ERRTE 2, RHMIZZ 0T
V=BT KICELbDEEZLND. K 1bIZK
RN e D3RR, B Le (2 ST A o Bk ok
MzxRd., 70V EE I —HELORIEIC DWW T
X, %Yo 7% MA=F LI X LIRSS T A=
DT, SO RGEHEREE b 205720, KBt
T, =78V VI LB KREMED D %R S L5
EEE SN TV AN S (2002, 2003) (12X 5, &N F
OFANRT B KNV Fi(e11,2,3,4,61) OBHIE L
DEEGTH HBEAL S N7 HEEEAE

__Li
Ri= 2L’

i€{1,2346},0 < Ri <1 (1)
Hw 7z

SHEETEH L, REESHREEEEL ChWhlD, 453
795 A% L HICRED o T, ik (sea water, SW),

W75 hroborun74)Va (CHL), A,

1:(@ 6SEHWTLAY —HESN7/z20124E4 H 15 H
® MODIS W& E %, (b) a DRIENFEDILKIK. (o)
a O BT ORI
Figure 1 : (a) MODIS RGB composed image with Rayleigh
corrected radiance obtained from 6 S the radiative transfer
code on 15 April, 2012. (b) Enlarged image around mouth of
the Teshio River of image a. (c) Same as image b but around
mouth of the Tokoro River.

RS2 DRI L 2 WIS E
FEEFARE
CDOM) ® 4275 Ak L7z,

(total suspended solids, SS),

' (colored dissolved organic matter,

2.2 BFEKDHEE

S ORI, FENEnEno#EHo RGB &1
W5, B THIHRICHFET 2 66WE L, BEo
WA R 25 72, SEEO S OFKILE N4
FX UANVOBEM RO AT T A EERL
(K2). M2aldFx AN 3 50K 2bidF ¥ vt
VADCANTTATHY, ICEEEOSADE SN
7o FloF v A3, %&/%»4% T EEIE O
KWwilg s 2FHOENHKEER > TV 202D
Fx AV 3L, SW (51.4+2.2) & SW X0 B HiE
b D7 T A(56.1%£2.5) D207 T AL [H
FRICF v 2V 413, SW (27.4+2.8) &, SW L D) Ew
ik %2752 (33.3x3.1) @207 5 AIZGHEL.
M 2cidFr AN 1BLOK2 IZF v > 22 52K
ORI RO SR Z B A8, IEOTHRIFE LD
PEREA AR IR D 1% FEE & 8k < B8 L ro 72, [ 2e
I A6 ZIRTH, A 0FEICEF LTS
72O FIITFHTE o/, D2 &b, Fx
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X2 : 2009 SEA 5 2012 4 F TD 34 ¥ — @RI OE L0 IEHAL S 7z MODIS %
F ¥ YANVHEDOC A NI A () Fx¥ 2V 3(FHE). b) Fyrawvald). (o) Fx v

ANV1ER). (d) F v ¥ 20 2080R54).

(e) Fx ¥ AV 6 (HIEERIN).

Figure 2 : Histograms of the normalized radiance of the MODIS each channel around the
mouth of the Teshio River while 2009 to 2012. (a) Channel 3 (Blue). (b) Channel 4 (Green). (c)
Channel 1 (Red). (d) Channel 2 (Near Infra-Red). (e) Channel 6 (Short Wave Infra-Red).

YA I ET X YA 4 OHEEEAMRAIE & Il LA
Hbe724o07 F X G, Gun, Gm, GuulZl¥IVT L
NIVIREA T A AR HWTHHE L7 (Rees, 1990). &
DL, G lZEKEZRLTWDLDT Gew EZEEHZ 72
G313 2009 470 5 2012 4 £ T O 34 MO TR %k &
AT 27283, 3207 7 AFXTH ) BEIE D h o
72, M3 _TO7 7 AP S5N72201048 A 18 H
O RIGA S 3L 0 BiE %2 7”5 3a |X RGB A Rt
%% R"d . [F4E 8 A 14 HIZKIERTlE 80 mm D KA
oz Thlh) (RETHR—L_—Y), 4 H%ED 18 H
TH MG L 72 NDK OB DR E L AbILb.
3b OFE TR M ED Guu, %A Gy, RS Guw 12
GEINIBDOTH S, A2 HEVIEIC Gua, Gua,
GuL &5 TWa, W06 ORIEER L L & 2 U
FIRD SS 1ZEFRED CDOM X ) Bkl d 5 L& 2
LMD, SHFENICS Tib e SRS RERICH
Do THERMICHWART 24, 7uou7 4 )ax (Lalli

and Parsons, 1995), CDOM (&7 O WILATFR N 2 & 20 5
(Kutser et al,, 2005; Zhang et al, 2007), & fakd (2 EHE
DEN Gan &, SS TH A FREAEV. TD720, Gun
% G & EEWZ 72 F72, Guu, Gmld CHL F 7212
CDOM DO\ DO U BEPEDSE A 2Y, Guu (X7 O Ll
fEASF L D B & Aed 50T, CHL, CDOM D\»
T ZORMII—H L. ZOZLIZonTiE, 3
HiTERT 525, BRI X ) H /Ny FASEKEHM &
TwbeEZzONL. T2, BELIZL D RB X OVR
BN FTIRIETER OZEAVNS R ) 07 7 AR D
BIEZ ko5 2 &, F72, MRMETH % 7205 S H
BHOGNEEEE AR L hoZz, 2510, M
Wiz R E L@ R EALA~IHR D720, =B ~_Lp
BT X YA NVEBTOGEERE L7ehs, Bz~ T
LARWVATAAETIEZCHL & CDOM # Xpl3 45 2 &
38 L o7z,
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3:(a) 2010 4 8 A 16 H »RIE)IF 147t » MODIS RGB
AREE. ) FHO<IVF LNV AT A A K A5 5EE .
KEAT T A Gow (WK), FEEODS Gun, F&A7 T A Gun, R
W7 T A Gu BRT.

Figure 3 : (a) MODIS RGB composed image around the mouth
of the Teshio River on August 16, 2010. (b) Classified image
obtained from the multi-level slice classification method with
MODIS images. Light blue pixels belong with the class Gsw
(sea water), orange pixels with the class Giu, green pixels
with the class Gun and red pixels with the class Gur.

3. AR FRIEE DIREEIROER

2.2 OGRS CHL & CDOM O X Bl L8t L 72
O G, Gun #EGbET G EFEXLBL. KIS, 2
D3I DODFHET T A Gow, Gss, Gt DURFEIZEAT 5 FRIE
OYES R ET L7z, RIEORIEIZIE, BROEWIDH
TR FOF v 2V 2, A[tHN KD 1, 4, 3F x
YANO LA ) —HHIE SN IR SR Li & 7
F v YA 6 IITHEICHRP N EE 2 SN L 2ok
L7z, SO4F X ANDIBL2F ¥ ANV EDIEMR
{t7#=f#H (Normalize difference channel value: NDV) D4
TOMBEDE

Li—L; .. L.
dﬁ:LzTL;’ (1,7 €121,4,3};i+7) (2)

ROz 7272, A, FANEL B B ARG DI A
Kon$ 57213 % DT, WRORWTPEENTT 2 L7z
NDV O A %F L7z, kIZ, £ NDV & &5%H7 5 Ak
DB ENE & ARET L 72,

M4BLOK5IZ, M1 EFEBORENOMES X
O BT EAHT 04 NDV lif§ 2 R4, 2o HIZEH
PICERIKICE MM EEZ H5ND. da(=(L1—L2)/
(Li+L2), VFHE) 1%, B E— bty 7 TH
WHN A — ML e fiA TR (Normalize vegetation in-
dex: NDVI) LRIUTH%. Mbax b L, da DI,
Gow \ZTHEHENLMETIZOWZRY, G, G IS
NZEETRELICADMHEE o7, Kab xR 5L, du
X, Gsw, Gant, Gss DETHHEDMEE R Y, G, Gss DME

-1.0  -05 0.0 0.5 1.0

4: (a) 20124E 4 A 15 HORIEBAAEBOF ¥ » v 2
L1 oEFALEREG. (b)) @ERICTF Yy 22 & 405
W% (c) Fy¥ran2&30EmE (d) FyryAnvlE
4 OEWE. (e) Fr 31 & 3DEMmME () F¥ R
4 & 3 OFEMIE.

Figure 4 : (a) Normalized difference value image between
channel 2 and ch. 1 around the mouth of the Teshio river on
15 April, 2012. (b) Same as NDV image (a) but difference
between ch. 2 and ch. 4. (c) NDV image of ch 2 and ch. 3. (d)
NDYV image of ch. 1 and ch. 4. (e) NDV image of ch. 1 and ch.
3. () NDV image of ch. 4 and ch. 3.

WU Gew L VIERNEE 572, R4c kR AL, dsTD,
Gsw, Gen, Gss DETHHEADE L 72 5785, FERIAY 70 2508
BRON Loz, H4dEHEE, D duTIE Ge?d
EDfEE %Y, Gow, Gen, DIIZEADETH 57D, Gen,
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-1.0  -05 0.0 0.5 1.0

B5: (a) 201244 H 15 HOFESNRAIEAOF v » %)V 1 & 4 OIEHALE M
% () (a) EEERICT ¥ ¥ R4 & 3 OEMmE

Figure 5 : (a) Normalized difference value image between channel 1 and ch. 4
around the mouth of the Tokoro river on 15 April, 2012. (b) Same as NDV image

(a) but difference between ch. 4 and ch. 3.

DFH Gow L NIERNMEE 2 5 72, de O di3 TlE, Gsw
WEDMEE LY, Gs, G, DIIZIEDEE & 575, G,
D G LV ENEE 7 5. M5 E disld
Gow WEADMEE ), Gss, Gen, 1FIIZIEDOfER & 278
B 2 2 X o e o7z, 2D 6788 — 0 NDV
LT T ADOBRNS, SR T ADWE KL
THEREL. Ge DL LT, EEREEWEE LT
i@fﬁé\i NTWEEEZOLNLN, — KR D5
ek & L CTEIINE RS R R O RIE RS TR
IR 12m < 7 5 (Clark et al, 2007; Baldridge et al,,
2009). L2 L, WEKHICHETES 5 b I2id /AT Bk
2L BHIRASIND 5. KON E L TRFEERED?S
RWEMIZ2 T TR EL % 5. 202 D05 D
5, THOBEIZS L50, ROWEEPEVIETRINE &
RN R CIRIKDOIFBAE C EM da, du, ds THED
fEE oz ZE2oNb. —75, WHIZBWTIE W
DIFBHIR RN, du, dis, dis CIEDMEIZ R 27283
AbND. —J, 7uu7 4 )vadspithEks L CREL
TIE, TARAY, & R, B ORI E D, G B3
INTRE 7T > 7 b 2 OWEIRKIZ X DR 7280, £,
R, EARGE, FHONE ﬁ%+# WEE 2D, D720
do 1ZFE E D NDVI L idic B 0fEx & V) du 1ZIEOfE
wlhH Doz lnrs, 7J<0)|1)§U]Y Z %ﬁ*i“ﬁ‘ﬂii) 9
T\vidp &, Gs & G D38 & 7 5 du WL
Gs & G DT BEN L ER bA. £2°T, 7un
T AV aDiEEE Co, BEWOUREE Cs, BIEDINA
WCEBRRPRAN L DR LR /NTA—F L L
T, @, ae b, bz deebUPlldukron
74 a, BIUREWORE L OBRIX

{d43 =a1Con+ 0:1Css
du=a:Cenit+ b:Css

EELLZENTED, TIITEEMITE D20 D%
n%%bﬁf,&#HL@&DD74»aE§%m&M

lmccm:aldmfﬁldm <4>

nCss a’zd43 Bzdm

EHFEEZHE L. REIRPADEEL, @, BFEY
AN L ARGE T & B ANEKRO B 2 T RAMR T 0 &R
E L THESHZEET V&2 HWTREAR R KD S (Wang
and Gordon, 1994). X RY O LETENRKE T E 20l
BlE, HABREI BN TIERA RIS EETH D &
IRE L C, HEIH & A SN D TOMEDEERIIEEH
DINE TR BREIST A— 5 B 720 TR B Jdd
&% (Kimura et al, 2001). A RNIAHIEE & 720
BBEOFHEEZEIZ, WRHEIFANO Gow IZHEHI N T
5 ETOWEFHED mCoan % 5 NZ nCss DD IEHE DI
IMEE T D an, B, az, B mRDIZ. D, El az, [
Z, G 72 b I G IZFEHEN TV S WAL T
BoNizmCu ZHEEEN/227007 4 )V a V)(EF‘FTHT“
(chlorophyll-a concentration index, CCI) 7 & UNIZ nCss
* B o IR IE (suspended solid concentration
index, SCI) & L 7.

4. FEREER

Bl 6all3DETHEE LML EFH® 201244 1
15 HORIEIET O30 SCI, K 6b 12 CCl 2R3, &
DEEwm=2.0 A=0.7, &=1.0, /=28 Th-o7.
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6:(a)20124-4 H 15 H @%MJII(TDEL@%MW?E@
(SCI). (b) (@ &MH®DZOT7 1)V afaiZ(CCI). (c) 2010
E8H 16 HOREMOEL D SCL (d) (¢) & H @ CCL
Figure 6 : (a) Suspended solid concentration index (SCI)
around the mouth of the Teshio River on 15 Aplil, 2012. (b)
Cchlorophyll-a concentration index (CCI) on same as (a). (c)
SCI on 16 August, 2010. (d) CCI on same as (c).

X 6a 75, SCI k7 — 2 Rizded 1 (W1 28
IE%(ﬁOkmx;tﬁﬁu:mYﬁ%<65km» ZIRDS D),
ZOHETSCLIZ 02D, F72, iBRICiH> Clum
K@&ﬁﬁﬁﬁ@%@%(ﬂﬂmﬂif,ﬂxm%w
FHI AR S N7z, 2o SCI O & W iEE I, ik 5
(2006) 12 & 2 KI5 OPRKIEEDT 15% & 70 % b 1T,
IZFE L. 6b % 5% & CCI O &\ I IE SCT D E v
VE ) 28 [ 5 o> Hb 237> & 4 R 1S AL IR 7 A W 4 i 2 C
170 W3 (42.5km) OHTF THOI TS, K62, b %
WAL THASLLE SCIDOEWHIETIE, CCIAMEL 72 A 1H
Michb, 2, BEWERY 75 > 7 b v o5
%ﬁ%%?ﬁ,%%MQ(%%) & KRR
@@ﬁ%%ﬁﬂﬂﬁ%%mmiT%méﬂfwépt
75, CCIAMEL SCIDEWEICh 7 a1 7 4 )V ald
HFHELTWLEEZLNL. ZOZ Ehs, SCLIE, #
whErsnuz 4 vadEfEEEZRL, CClIZ7 O
TANaDHRERTIBEE LTCHATLZEDET L

V. &k, yuna 74 va L EERBED O, 23K
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Figure 7 : (a) Suspended solid concentration index (SCI) around the mouth of the
Tokoro River on 15 Aplil, 2012. (b) Cchlorophyll-a concentration index (CCI) on same as (a).
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