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Application of Remote Sensing Technique
to Water Quality Measurement

Kazuo MURAKAMI*
Fuminori SUGANUMA*#
Eiji SATQ***

Yuji MIYAHARA**

Synopsis

This note deseribes the applications of visible- and infrared-remote sensing
technique to water quality measurements in inner bays or ports.

The remote sensing by LANDSAT satellite and aircraft with MSS (multi-
spectral scanner), together with sea truth observation, were carried out simultane-
ously at the mouth of Tokyo Bay.

The authors applied the statistical analyses to the data obtained from remote
sensings and sea truth observation. It has been found that turbidity and temper-
ature in upper layer are highly correlated with remote sensing data. From these
results, the estimated features of temperature and turbidity distributions were
obtained.

An attempt was made to estimate the concentration of chiorophyll-a, which
led to a conclusion that it is very difficult to measure chlorophyll-a from the
remote sensing data. It was found, however, that the characteristic of spectral
radiance obtained from visible-remote sensing image has a high correlation with
the ocean color.

The satellite image showed the characteristics similar to the airborne images,
and it was found to be possible to apply the satellite remote sensing to water
quality observation in coastal sea.

Key Words: Remote Sensing, LANDSAT, Water Quality, Chlorophyll, Tokyo Bay

* Chief of Marine Diffusion Laboratory, Marine Hydrodynamics Division
** Member of Marine Diffusion Laboratory, Marine Hydrodynamics Division
*#* Ex-member of Marine Diffusion Laboratory, Marine Hydrodynamics Division
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LT, Ly, Q)RR THRb B,
Ly (2} = 0.178 By ld) {4)
72 HIA) b
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TTI, By CWGEIET OLAE b B

Egy EHETOT AR RBE
R (8, #HNC A4 5 KB & 2ok
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Eyl2)
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BETIC ik L) EREoBLERET AT
EMTE B,

(2} AKELHFER 2T b

BITHTR LT Byl ), Egyl2) &7kDStt & DB,
KOLSCRRTEL Y, BUDHEABLTARLE
KBEERT ST RZERR, kthoksT, EmEnE
BERTHIC L DRI - HELESD 1545 & T ARICH S
BEREZERT 5, —HBEBR TS 3 H 7 HER
SR EFEOHEEHEETRL, ChoEgLs, B2
B0 ELTHRIHENS, LIcdiaT, Byuyll), Egld)
OEBD I, WAROBRIR, HESE &AE & oBEEE
BIhidBOT it 3,
HARDMEBEREE ClU&TaL s, Q) dAAE,
WRRTRERLC LD Tcas?,

ClA) = a,(a}+ b0+ api,y':l)'i' Zyor | 2)

+ by (2)+ a2} (7
reic,

aytll o Sk ORIERE

bol2) : HiERKOBERGRE

Cpnyld) @ HERT 5 0 b v ORIRER
Qg (1) D BT 5 v & v, SRR
BF, 50U 4 R ORIVERR

bylah 1 RMEEHT OISR
ay(1) : HEMEGEFERNED k5
AL R

Lo eERE b i, HECBATRAVohEN D
OREEE & BRRROREE S OMBIC>WTEL
THHBTLEET B, SbETRARLOBEARILLS
BT 5,

(a) HEE

ABEOBEREICEV bbb 44, AUIETRHER
400nm OBEEENOBEMIFL I ) Y EHERERETSS
REBLTHOTV S, BELVHIFEEZO L OISR
PR LD BONIBOOREOUEDTHD, MK
DIEERES A L BT 50, SEOMEORE
FFERL DB DT,

b} o007 40—2%

soo7 —aldiliTs vy b o OERERIS
Fh, W73 v L yOEEE BTS20, LT
LidFRdRE o R 2HHETh 5. B- 31T,
7007 40— aDIEREERE O PIIRER <Y b
TR, BHARS bvp o3 Lo oo T 4
- a 3 EHED 00~450nm 33, BLOCEHEMND
650~ 700nm WV BRIH E o, —HFiRE ORI
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3
=
&
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¢
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2 & BRIREE R T R TR apy(2) TEIENEH,
PLEDX DT, ayyld) BEREEESEOE LA
3,

svaz s r—aRBHOMEERE LTE, 75V
b DGR X A EELEOHER, BICRE - BREHEO
& D BREA: & ORAMERY, SEIEFMEHEST
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DA T2 IFHNC 2 TR L TE~ Case 1, Case
2 EIEATING, Case 1 TR, BEBOIRAR oo
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Zav—anEFTIMMTS o b vThHD, By
o7 g—a OREHES TG ~AERTH B,
—7, Case 23, FlJlb5 DR AREEY, TIBEK - £
THHEAR L S BSERESY T, HM 75 v b v ASEEL T4,
WA LB NEELIRRE~AERTHE B ELTVS, &
o, BEOYE, (MRESE Y I al-va vEBT
15 -8R, MEHHAHAT 5 EHOAORINEIN
Ta%d, AR ROBERERAM~BHsEsC
&, T2 ROBRINESAI RIS O R SR OBE D
BNHHIECBBEE, VTR ooy 4 v—a D
RICEEERLE LTERT 5L E2HE LTV S,
() S8
SSHERSEOS 5, hEMRROoRE (B,
lam BLE) SFOBERBETHEbI R, MHREREON
MDA SAHIUL b,(2), @y () ZHET 5. —Hic
S S BHAT L ARKMBRIARERMTOOEHNLE
M 5 Exhtn s,

(3) BRI & BKERE

YiEE B BEA R L ERECEEL R T L
TOREMSE U TV S, TOREIICE bRt 2R
3, BEMETHBLE Dam fiBOEESFL, B
W, RS GEIRAN) W EFEND, C o¥iSomE
FHRET B LKL NVMEORELIMA ENTE 2,
HORSVE IR e L TR B Bl B EEA T
LT O K ABELDRENNE L, NRSF LT Y
R & BHERDEL S 2400, ATHEDL SUES
ERMNTOEBMNESCRNTE 2, £/, KERER
SIS h, BETHBNRETETEH B, Ll
KIBICB Y EMAERE e, FZe i o B
RKEDED CHC LEIB LN, MRRRRERRE L
RN TW B, Lichi- THEM & OREmascis
RIEDSROE G F — s O D in A BT 2,
{4) W ABIRTOY - bk v v S OEE
FADE THihA L, BEE - AEBORER
B Ny — vRRT T EDL, VE- ey Yy
TEBHCEDLBRIUTFROV L oTHE S, ULy
SAMNGEIC YW TAHSB &, FiEE TR LA L Sk
B, RROELT, BLOBEEREEY L5, Ve
= b ST B AR SR LT ARBOAIC
LBV AR H LERMICTET 2 OB
TEAERETH 5, RETE, BENEEOKEESIC
H U AKEERD YL, Yooz —a LEE
15 o IARRICE L TSR 2804 5,

HIET b~k 3T, Z 0o 7 40— a it hig
T st, RAHSHERH, RHROBEEEm0g

Bhid, HHBNRERO oo 7 ¢ v 2 BSAHE
BFROBILICIEE  OFEND 5, WRoREHEzET
Pl no7 v—affd) e— by S HHE
OIFFEHEHEIAE { 2 DOFEIAPATNSD,

) FRMFE - bR THE Liyea 70—
aDPEM L | E— by FOF — 7 ARS8
ML THESHMADE WYY Fdioidoyy FRIEE & OR|
BRREROSHRAMET 5, FFETRERMVED
SRENEHORTICENB b TV,

D) BRATHY - HEETEIFER: L son Ty ov— a BEEHE
TR Lo & 3 RHROIERN 2 F 2 — & DERBEFRE S
LT, REFT A - GEELGER - BRI &) L
HOSARHBRZRE THMET 2L L DEER <Y
bvEsoor e v—aREOMBEERLMbICTS,
Rt T A -y SRR Y b ORI —EOE € 7
AHEHSNBIBE LS L, EFRIEEHOTRNS
WMHELD, VE— bRy VY OREBES: LTHERR
Y bES OO T -l EEERRD L ONEE
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Q) WA FMEFEH L ANRENERC, ERHAME
£, REREPORIIERY ooy V-2 DR
3 - HEPRICHIE LR &1 - T 508, oy
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5%,

—% b) wBEid 5 HWETR, ERTEOST,»HE
& LTKEERIS, 3 mmEFic SES v, BEs D
i, BBNFEcLs 707 o v— adRflicini
T, WBRART P EREEDOMBROVTRINES
TR, BROIFN T 4 — & L KE OFERWERD
TERCERLTN S, 2, FHV RN v 0
b o - TEIEEOME, &SIl L LTiEREY, B
WA BRSNS LGS OSSO Z L4
ML, S6RSRFF 4 7 rRiH>VWTHERNSER
ABLH TS,

WERAVEORyOEHEE LT {AVOh B, HiE
FROBRC—EOL NS 2 b TR, MERE
DRIFEBICBETEEC 20T AT LSBT,
E7z, ISR L BB ORSE T
DRIHEREIC L LT 200, MELYE— &
Y-y DBERE S EMEST A0REE TS
Bo L LN o—RCHEENTHENSVL S Th
3, MEDY £— bty FHAE LTI, REGRE

BAENRE L b0, Aoy A sk -

DENO 7 EDH B, BEEHOATHIOREL LT
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_10_

i



Y

DB B, SSHMEH 1.0 pm BELEOBREBNTOER
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—EE BT B,
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B B OTR AR C REIL A )T By
I HERMOBESHEMB 2D TR, BEMG~S
= Vi SR OREIRRE RS 5 e T T,
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HWOF T VR~ 5 IRT o £0C, — A~

F-3 BRLOBHRKZ

Mo Moa om R #
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& THBEATRAORA 3 TRAMEEE, =4, BN
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®-5 B KEWEHEREZ (WA 1)

il A 1
F[EN.C | Am — | B oH 0|k B 16
% W B 35m & dark yellowish green
ik K & = it L S S CoD D O |HHR# soowqr—a
m °C %o ppm mg/ 1 mg/ ¢ mgO/ 1 - ngll
0.5 25.3 33.9 8.2 3.0 1.28 7.7 0.024 3.80
1.0 24.8 33.5 8.7 31 e 7.8 0.35%2 3.80
2.0 24.3 3.4 8.7 3.5 1.65 8.0 0.453 3.69
5.0 24.0 33.1 8.7 — — 7.9 0.592
#-5 (b REMNEZHFREX (MA2)
il = 2
K 3t.6°C | Bl |0 ON | JEE 1.8m/s | KE 18
BIEEE 2. 0m B & dark brown
K 2R K R £ 4 il 58 COD D O | iHEdFE |yoev -2
m °C %o ppm mg/t mg/l mgQ/1 — pgll
0.5 25.3 33.3 9.7 6.7 2.79 9.9 0. 176 7.10
10 25.0 3.0 10.3 5.4 — 8.9 0. 543 6. 44
2.0 24.7 32.9 10.3 4.7 2.53 8.6 0. 645 5. 64
5.0 23.4 32.9 7.0 e — 6.1 0.312 —
®-5 (o) KEHMNEHERER (BRI
il A 3
%iE 31.2°C | HME SSE | Ei# 2.3m/s | K 20
b3 2.0m B £ dark brown
X kR i B 8§ s COD DO A (o072
m °C %o ppm mg/i mg/i mg0/L — ugllt
0.5 26.1 337 16.5 6.1 3.49 10. 7 0. 981 4,65
1.0 26.0 33.6 16.5 7.0 - 10.9 0. 758 5.20
2.0 25.5 33.3 17.1 6.9 3.39 11. 4 0.941 6.17
5.0 24.5 33.1 15.9 — - 9.2 0. 416 -
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#-5

dy AHREHERK (WE )

= 4
iR 28.5°C| M NE HE 4.65m/is| K 18
% B 3.5 m B & yellowish brown
K& B o B 58 CcCoD D O | HEfH |7aoT 02
m ‘C %o ppm mg/l mg/l mgQ/L - Hgll
0.5 24.3 33.0 7.4 3.9 2.02 7.0 0.401 2.87
1.0 24.2 32.9 7.6 3.2 - 6.8 0.385 2.72
2.0 24.4 32.9 8.7 3.3 1.97 6.6 0. 421 2.72
5.0 24.3 32.8 7.8 - - 6.4 0. 505 —
£-5 (o) kEHAEHRE (WK 5)
= 5
&l 27.8°C B [ NE B 4.3m/s | kB 19
= HE 3.0m B brown
K B K B 5 B E 58 CoD D O ;HBEE sea7v—a
m °C %o ppm mg/! mg/l mgQ/1L — ngll
G.5 24.17 32.9 9.2 5.6 2.10 7.1 0. 657 3.45
1.0 24.2 32.8 9.2 3.4 - 6.7 0. 565 2.87
2.0 23.9 32.8 8.7 3.7 1.27 6.1 0. 857 2,92
5.0 23.5 32.6 7.8 - — 5.8 ¢.719 —
#-5 () KENEERE (MNA6)
s 6
KR 27.3°C | B @ — | E#6.9m/s | KB 17
5 B B 3.0m 7 £ olive
e B KB g 5 # R S S COD DO | RS |soaT—a
m G %o ppm mg/t mg/! mg0/1 -— ugli
0.5 25.4 33.4 0.4 4.9 2.10 7.3 0.349 3.61
1.0 25.5 33.3 9.2 4.6 — 7.1 0. 571 3.45
2.0 25.5 33.3 9.2 4.6 3.741 7.1 0.578 3.90
5.0 25.0 33.1 8.5 - — 6.6 — -
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®-56 g8 REMNEHRER (WA T)
i = 7
SR 27.5°C | M M ESE | M 1.9m/s | K 15
= 08 & 3.0m &' & dark yellowish green
¥ K& 4 il 5 8 COD D O | B | Jooope—a
m °C %o ppm mg/l mg/l mg0/tL — ngll
0.5 25.5 32.6 8.7 4.4 2.65 7.9 1. 186 2.92
1.0 25.0 34.5 8.9 4.2 — 7.8 0. 442 2.59
2.0 24.7 32.6 8.5 49 3.26 7.3 0. 493 6.12
5.0 23.5 33.0 6.6 — — 5.1 0.288 —
£-6 ) KEMEZRE (WAS)
il =y 8
iR 29.2°C | MiE WSW | Ma#3.5m/s | K& 19
I 2.5m B & dark yellowish brown
B K B a O 58 COD DO HMHIRE [ 7o0700—a
m °C %o ppm mg/i mg/i mg0/1 - ngll
0.5 26.1 32.5 10.9 6.4 2. 50 10.6 0. 358 6.30
1.0 25.8 32.5 10.9 7.0 - 10. i 1. 076 6.34
2.0 25. 2 32.3 13.8 6.3 3.99 9.2 0.654 6.12
5.0 24.8 32.8 13.8 - — 6.6 0.273 -
®-6 () KEUEESE (A 99)
il 9
SR 30.3°C Bl WSW B#E1.8m/s | Kk 21
IR 2.0m ® f dark red
KO xR 5 5 o Ss COD Do HHER | yo07000—a
m °C %o ppm mg/l mg/l mgO/1L = rgll
0.5 26.5 33.0 13.4 7.6 3.03 12.3 1. 448 9. 47
1.0 26.3 32.9 13.0 7.8 — 11.6 2.331 8.55
2.0 26.2 32.8 17.8 7.3 3. 41 11.4 - T7.97
5.0 25.8 32.4 17.8 - — 9.9 - -
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E0LHTHE, SSKRE-#EWFS oy, Gt
AT L& Eh, B & ORI REE « 74
MBS EORFHTF R L ANEMERETRELS &
STHB,

i) 72vozon—afi

BT v v ROERETEZ/uvn 70— a
OHE, BRAAS, 9TKE{LEEARRL LN,
BEAONM 2, 3THLBHRE L -TWE,

I {esEmEesEEskE (COD)

PEROEM DT — 5 LHB LT, BRTRSCEWE
HLHLTVREOE, BAOTFEITEDEL->T 5,
k) k@t . g

REBIDNT &, FE8T — 7 i L T i @bk
(R -THEY, BATHTEAL D THRWEBSIER

=—6 P o0EIE

m = =) A
1 dark yellowish green
pA dark brown
3 dark brown
4 yellowish brown
5 brown
6 olive
7 dark yellowish green
8 dark vyellowish brown
9 dark red

ahb, BROELER- GICRT, BELLLEAD
TEHM, BHrOrZEIMONRTHH ERES R B IRE
ZRLTHE,

DEEKEEHORRET LB &,
1) fEROHMNEF— 5 LB L TEERRLEHEL
T, HERE, KBS SBORDSETE D 25D
THHT E, L KBHNOMKNN, BAOTIENCHE
ST VDN L Db Bo '
2) DO, SSE20TEFEL L THLEMERFRS
TS, EROME Y, B2 OT IR THEMICE ¢
Th, 7807 4 —alldWT kg ~E 57—
DA, NI DO, SS A LR LEmAERLT
W3,

PAEFKECTE B g oV T R~ s, SR8
HE OBERE i3 5 - DIRICIBBE ST - A5
reHOTHRET 5, WBLTORFCE, fik2%
B TlROF—2 055, ZF0.5m DADF — -
EFHOTW S, fabddL9ic, SAOYE—- LY
Y REO S HAEEI L D BHRESIC A OIA 1
BEUNE 2 HEEATOVARNS, BOBITERELD
WEABBI T 20, CTTHTHADADF— 4
FRHOTO S, ¥, BeF-4 L LTEBRFL LS
0. 5m BOF~5 DHEH NI ld, TTTH0.5m
o5 — 2 &R TkEd 5.

F— T KHEREB OHEBBREETRY, 2TTHP®
EEME R Aok, BB L T 5, iR
B OEEOHS OSBRSS ¢ 2 iItRY
EETOEEh LA,

i) HCIEOMEE (r=0.7)

snny —aieyt LT, ki, S8, DO, COD,

MR LT, COD,

g~ 7 NEFHBROHENM

ooz —a | MHEAER | K B | | OB 55 DO CcoD 5
Saa . —a *
THIFRE 0. 487 *
P/ S - 0. 784 0.536 #
M 0. 567 0. 487 0. 768 *
s s 0.873 0.476 0.823 | 0.826 *
D © 0.90% 0.549 0.907 | 0.805 | 0.906 *
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