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Optical Properties of Sea Water

—Entrance of Tokyo Bay, Japan(1)—

Yong-Rhim Yang* and Kanau MATSUIKE™*

Optical properties of sea water were studied in the entrance of Tokyo Bay, Japan, based on the
data obtained from six oceanographic stations in April, 1985.

The observation of surface irradiance and underwater irradiance of sea water for eight kind of
wavelengths (378, 422, 481, 513, 570, 621, 653, 677am) of sun light was conducted using the
underwater irradiameter (Isigawa # SR-8).

The mean attenuation coefficient of the sea water was appeared to be 0.30) (0.034—0.774) and
the attenuation coefficient of the sea water for wa'velength appeared such as 0.23) for 378 nm, 0.258
for 422 nm, 0.226 for 481 nm, 0.213 for 513 nm, 0.195 for 570 nm, 0.378 for 621 nm, 0.402 for 653
nm, Q.498 for 677 nm.

The transparency was 7.2 m (6—9.5m) and water color was 9 (6.5—10.5) in the study area and
the sun’s altitude 52.56° (31.68°—66.76°).

The relationship between attenuation coefficient (K) and transpareny (D) was K=2.61/D (1.76/D—
4.13/D).

The rates of light penetration for eight kind of wavelengths (378, 422, 481, 513, 570, 621, 633, 677 nmn)
were computed with reference to the surface light intensity respectively. The mean rates of light
penetration in proportion to depths were 69.30% (57.33—77.40%) in 1m layer, 17. 66%(6.3—27.90%)
in 5 m layer, 4.47% (0.60—9.17%) in 10 m layer, and 0.77% (0.02—1.97%) in 20 » layer.

The rats of light penetration at the transparency layer with refereacs to the surface light intensity
was shown as 9.91% (0.51—22.99%).
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Fig. 1. The stations for optical observation.
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u BERHILAY 5.43 m(Yang, 1978a) ¥} kof
o, 3 BSsidy 19.8 m(Yang, 1977a), L7
AFESY 10.6 m(Yang, 1977b), N 1T¥Ee] 15.83
m(Yang, 1978b), i ALFEBEERY 16. 1m(Yang,
1981), KE¥iwke] 18.3 m(Yang, 1982a) = HREEET

%9 17.1 m(Yang, 1982b) ¥.r}i= viofrl. ZAlz) A
2 FRELEGSHLL 23 Bt =ivE

Z(St. 4,5,6) 2} Fokrh

T, AEe 24 6.5 39 10.58 1, +i‘j7l\g
L 924 5 zZ&9 6.6(Lim, 1975), WEIFEEH
Ji#2] 5.75(Yang, 1978a), Wi i) 3.38(Yang,
1978b), ¥ x| #iEe 4.8(Yang, 1980), #ug b
TEXRY] 4.3(Yang, 1981), A#ifgike] 3.5 (Yang,
19822) 2 EEEFS] 3.9(Yang, 1982b) ¥} ot
b ZAAAE 2R St 1,2, 3FREL T )] St 4,
5 6(ZH¥EES) 2o} &5t

2. Bk BEEY

X zANAY off] BMAENA 248 ARt
871A FiRe] A3 (HE GBS Table 13} o).

ZAZ T RS WA HEEERE H4
0.084(St. 2, 8~20 m&, 481 nm), ) 0.774 (St.1
5~20 mfg, 677 nm)3) 3, SEHNEERE = 0.3000.2
A gEIIERS 0.413, 0.355(Yang, 1975, 1976), &
B s o] 0.578(Yang, 1978a) Bt} Aglow],
PN T#gs] 0.112(Yang, 1978b) ¥ Vd ] #ig
2] 0.21(Yang, 1980) ¥t}& o).
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’

0.230

(0. 102~0. 330) 422 nm9] 73 $- 0. 258(0. 097 ~0. 4uu,,
481 nm<]l A9~ 0.226(0. 084~0. 334), 513 nm3) A

0. 213(0. 100~0. 312), 570 #mql 73 % 0.195(0. 095~
0.293), 621 #m<l 7 $- 0. 378(0. 209~0. 543), 633 nm
ol 72 0.402(0.211~0.558), 677 nmd]l 73-$- 0.498
(0. 221~0. 774)9] v, 570 mn(GEEE)S) fHEUREA
b A3, 677 nm(FR)e] HRREC A3 2o
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B Do} FAKY WHMHEYR Kot JAl= HA
¥l A= K=1.7/D(Poole and Afkins, 1929)<l4],
2 Ao A& Ty K=2.61/D2A 600~700 rm(F)
o diste AN HME dLEERY K=2.21/D
(Yang, 1981) 9 KE¥ske] K=2.33/D (Yang,
19822) ¥ @BEEe K=2.01/D(Yang, 1982b) ¥t}
3o, 600~620 nm(FR)e] Wl ste] £AR Ea) 3
o] K=4.93/D(Yang,1977a) 9 JbiE K9
K=3.35/D(Yang, 1977b) X c}E ztgic},

BRYIZE 570 nm(FE)ol K=1.76/D=A 77
AQow 677 nm(fi)e] K=4.13/D2A 7}% 7o}
ZFAARL2E St} K=2.20/D2A 717 Hgd o
= St.27} K=3.41/D2A 713 At

Table 1. Spectral irradiance attenuation coefficients (K)

Depth Wavelength (nm)
St. No. 1)
378 422 481 513 570 621 653 677
1 0-5 0.287 0.284 0.229 0.219 0.236 0.444 0.446 0.3559
5-20 0.182 0. 200 0.179 0.168 0.152 0. 320 0. 350 0.774
2 0- 8 0. 304 0. 408 0.315 0. 308 0.253 0.543 0.558 0. 646
8-20 0.102 0.093 0.084 0.106 0.095 0.209 0.211 0.221
o 0-10 0.278 0.333 0.276 0.258 0. 239 0.402 0.441 0.515
e 10-20 0.227 0.2320 0.219 0.200 0.175 0. 309 0.328 0.358
4 0-10 0.315 0. 367 0.286 0.279 0. 245 0.434 0.465 0.347
10-20 0.230 0.250 0.255 0.218 0.208 0. 358 0. 390 0.430
0-10 0. 323 0. 386 0.334 0. 301 0.272 0.436 0.451 0.320
5 10-20 0.212 0.235 0.229 0.212 0.187 0.342 0.397 0.429
20-30 0. 141 0.087 0.104 0. 100 0.122 — - -
0-10 0.333 0. 395 0.330 0.312 0.293 0.439 0.480 0.35357
6 10-20 0.222 0.242 0.238 0.221 0.199 0.423 0.421 Q.361
20-30 0. 161 0.192 ‘0.166 0.155 §. 144 — — -
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3. KIEEES Kol HhERE

WEB ALY 6 BHEA A54d KBHES
2 4 31.68°(St. 1), Ao 66.76°(St.6)5 3, FHK
BB E B 52.56°¢] tH(Table 2).

¥ ZANAF A 87bA EES A TH
MEEY BEM HESHE Fie 33 23, THH
EEEe Eidx Spectrum& Fig. 49} 7bc).

A BHEAA 24 FghERRS AR
1 migol] A HEIHS 69.30%(57. 33~77.40%), 5 mf3
A 17.669% (6.30~27.90%), 10 mEs A 4.47%
(0. 60~9.179%), 20 mf@e A4 0.77% (0.02~1.979
2A JtFEAFHE(Yang, 1977b) Brl: oA wre
EREEL el o, #MNH EH(Yang, 1978b), &
W3] g (Yang, 1980), HMiYE JtEHR (Yang,
1981), XE¥g(Yang, 1982a) ¥ EREE¥(Yang,
1982b) ¥rbi= AL FEEL Jei e ojge u
ZAE o] B kel vlal BUES ko] G
HEBRAET 20 d Eoleln 4. HEHE 2
o, 570 nm(FRR)S BiliEe] s wgm o}gol
513 nm, 481 nm, 378 nm, 422 nm, 621 nm, 653 nm
9] MOl 677 nme] HEEe] 714 Hg]

ZAA PP E B, BEA~5mAE St 1,3,
49) BEigEe] woka St.2,5,64 HiEEo] gl oo
10 mo]4ke] Kl A= St. 1,2, 3(BRAEEZ)Y &
o] St.4,56(=HEH%E) ¥} o).

k8] KB A% E (Cox and Munk, 1956;
Sasaki ef @l., 1962) = JEEER(Clark, 1936, 1941)
S} 94T FA AT g, L 2R F KEBE
o} HEMAMIT vl md Z St.6(66.76° 0~10mEe)
THE LRI 0.392, 10~20mBE 0.295)3 AL St.3
(51.27°, 0~10 mE2] PSELRE 0.343, 10~20 mjg
0.256)9 HErhBEKe vasd, 8= HED )
Sto] St.39] EiEo] St.6 ¥} o Botew o]z
< BEAES o] «Feldln Az oely
ABWELC fAS MEEAEA XY kB
o B 9%E vaida 4.

T, BHEEEANAY KBEHEY 871x  HEo)
W3 WHRERELS Table 29} 2Lv, THBEREL
9.9124(0.51~22.98%) 24 600~700 nm(zR)o] ] 5}
of ZAE KEEBS 9.70%(Yang, 1982a) Brl:
wory, MM JEFERRY 12.40%(Yang, 1981) 1
HE i) 13.23%(Yang, 1982b) ®rhi abghcl.
KRMEE, 378 nme] A% LWk 12.51%, 422

#mgl 73 8.80%, 481 nmQl 79 13.489%, 513 nm
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Fig. 3. Vertical distribution rate (%) of downward

irradiance at different wavelengths.
(1:378 nm, 2:422 sun, 3:481 nm, 4:513 nm,
5:570 nm, 6:621 nm, 7:653 nm, 8:677 nm)

— 108 —



Bke] hEey HHA MY HiR

Table 2. Penetraiton rate of surface irradiance in the transparency layer and sun altitude

St. No. D Wavelength (nm) Sun
(m) 378 422 481 513 570 621 653 677 altitude
1 9 11.49 10.87 15.54 17.11 16.73 3.02 2.65 1.74 31.68°
2 8.5 8.35 3.64 7.72 8.07 12.60 1.17 1.04 0.51 43. 00°
3 7 14. 28 9.72  14.49 16.43 18.77 6.00 4.56 2.72 51.27°
4 6 15.11 11.06 17.98 18.75 22.99 7.40 6. 14 3.76 58.49°
5 6.5 12.25 8.13 11.41 14.14  17.07 5.88 5.33 3.41 64.15°
6 6 13.56 Q.35 13. 81 15.38  17.24 7.18 5.61 3.54 66.76°
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Fig. 4. Relative spectral irradiance distribution of downward irradiance at different cepths.
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AFgk7] fi3he], 19854 4ol A9 o B

AEEA A BERE, K, KBWEE, KEX 871
(378, 422, 481, 513, 570. 631, 633, 677 am)
of That MRS REBE 9 A5Hpy 5& 2A4%

AxE adstd o3 2o

1. 244899 BHE:
K- 9(6.5~10.5)4 ot

2. WA FHMBEREE 0.20000.034~0. 77409
I, HREMEE 677 nmsb 0.495, 633 nmzb 0.402,
621 nmz}l 0.378, 422 nm7} 0.238, 378 nmz} 0. 230,
481 mm7} 0.226, 513 nmz} 0.213, 570 snsk 0. 1959]
22 AA JeEbuid.

3. Wkel HERY Kot BYWE Doy
K=2.61/Dg t}.

4. KIBBEE 52.56°(31.68°~66.76°) 2  viebyt

T.2m{8~9.5 m)Q 11,

SR

o}
5. KBX#e REX A BhERke kg
1 mEs] A 69.30%(57. 33~77.40%), 5 mfFo] 4] 17.
66%(6.3~27.90%), 10 miol| A  4.479(0. 6~9. 17
%), 20 mBA A 0.77%(0.02~1.979%) 2 1}1ebrtc},

6. BUER A ABXHY BEN g §5
FIEEEL 9.91%(0.51~22.99%)8] 3, 677 nm(3K)
2 Jhel 2.61%2A st Aglosl 570 nm(R)
Jeel 17.57% 24 744 kst

e 7
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