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Inconsistencies of definitions of absorption, scattering and attenuation coefficients
in the standard terminology of marine optics

Akihiko TANAKA

Abstract

Standard terminology of marine optics was recommended by IAPSO (International Association of the Physical Science
of the Ocean) in 1985. We have found definitions of absorption, scattering and attenuation coefficients have inconsistencies in
relation to other quantities in the IAPSO standard terminology. In this paper, the inconsistencies are pointed out and revised
definitions of absorption, scattering and attenuation coefficients are proposed. Also, the revised definitions are validated. The
validation shows that the revised definitions are consistent with other quantities.

1. (ZIUBHIC

HEELEE, WP ONDIREE V2 1 Y i 2 e 5 % 4
MThsd. WENRFOIRHTTIXIAL, Y- 2D 5w
B - B2 b T ZkCbzoTwa. Thb
DEM DN HETIE, WL TER SN TV L HGE
FUHFEERHWONT WS, o, WEEORR LT,
KRFPDIF BB TH P L CHESEH S h
T, ELFETERSIN TR, e 2oBic
BOCIhBOMAEE 725 THEELHREEHSTnD.

HfE, WL T, IAPSO (International Association
of the Physical Science of the Ocean) TiHE3E X /- flik&
ZOEK, iy, MR HWSZ PR 5TV,
HAT O AICBE T 5 HEE B L OB& 2 BRI &A1
F L /zmi, TAPO (International Association of Physical
Oceanography) O iR ZH % (Committee on Radiant
Energy in the Sea, chairman: N. G. Jerlov) T® 4. 19644
I2F L 5N O IAPO DL HFEE, Jerlov (1968,
1976) THEINTEH, HARFEFUIE 4K (1967) 12#
MENTWV DL, ZOk, NGOG O 39K
v, TAPO IC & Bt e R 2 R LoDk L 720
A%, BUTE @ TAPSO ot 2= #E % (TAPSO, 1985) T&

4. TAPSO it RE4 1L IAPSO Ot — F »
77" )Ww—7 (Working Group on Optical Oceanography, chair-
man: A. Morel) I2Xk->TCTFEobi/ D, IAPSO 2
& o THERE S T 5 MU GG 2 it e R 5,
¥ 7o 2 o HEE S 2 LR AR L AT

WGP R I, S E RIS T X o3
mE OREER L 2RI Tws, LarL, T
AR, WELRES X O BRE D e #eX & 2 B
L OEFRNEFLKT L E, FEVPEL LI L2350
o7z WRIUREL, BGELRER S L OGRS, B ok
WEEEETH ST obh, WERTE X CZOINHGT
W&o T, WIUREL, BEAREDS J O ER L, B %
WHETH A, HlzIX, NLHR TRIIEDIFIITER
POWERBOZ OO T 4V aikER, BEWIEE A
W ARYIRE R EeEEd i) E— e v 0T
DT INT) AL TIE, JCANERE HERREOWRIRE %
BT O 2R 2 7V T3) AL %2R E, W
PR, BEELREE X ONHER LI TH B (Bl 213,
i 5, 2001 ; Tanaka et al., 2004). A#<l, WiELF
e I ER AR OWIDUR S, BEELAR B & O HUREL o e 38X
WCHONDFIEERFETLE LB, BERAOBIEEZ I
L, BIEL7ogdRA 0B 2 HEEL 7.
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2. RS, BELGRES LUHERBOESR

WEIRAR S, BOELAR SR & ONH R B & F B 5
GEA, WL FEMEREES (JAPSO, 1985) 20 & ¥k
5. BEAEOHARERIIE A AR (1967) 22125
L7-.

Radiant flux ()
The time rate of flow of radiant energy (Q).

Symbol: @, F

Unit: W

Relation: @ = aQ
dt

Where t is time.
Note: The symbol @, rather than F recommended by
IAPO has been adopted by the International
Organization for Standardization (ISO) and by the
International Association of Meteorology and
Atmospheric Physics (IAMAP).

Absorptance (WZI{R)
The ratio of the radiant flux (@,) lost from a beam by
means of absorption, to the incident flux (@,).
Symbol: A
O,

Relation: A = 30

Scatterance (H&ifiL=¢)
The ratio of the radiant flux (@) scattered from a beam,
to the incident flux @y).
Symbol: B
D,

Relation: B = —
(DO

Attenuance (JH#)
The ratio of the radiant flux lost from a beam of infinite-
simal width by means of absorption and scattering to the
incident flux.
Symbol: C
Relation. C=A+B

Transmittance (GE#E%)
The ratio of the transmitted @) radiant flux to the inci-
dent flux (in either irradiance or radiance form).
Symbol: T

O
Relation: 7T = a:
Note: for a beam

1-C=T (beam transmittance)

Absorption coefficient (W%
The absorptance of an infinitesimally thin layer of the
medium normal to the beam, devided by the thickness
(A7) of the layer.

Symbol: @
Unit: m™!
oo _AA 140,
Relation: a = Ar @ Ar
Note: for homogeneous medium of finite

thickness »

a= —%ln(l —A)

(Total) scattering coefficient ((4) BEARE)
The scatterance of an infinitesimally thin layer of the
medium normal to the beam, devided by the thickness
(A7) of the layer.

Symbol: b
Unit: m!
.o, _AB 1 A0,
Relation: b = Ar - @, Ar
Note: for homogeneous medium of finite

thickness 7

D SNV
b= rln(l B)

(Total) Attenuation coefficient ((4) THEURE)
The attenuance of an infinitesimally thin layer of the
medium normal to the beam, devided by the thickness
(A7) of the layer.

Symbol: ¢
Unit: m~!
. AC 1 AQ,
Relation: ¢ = A 760 Ar
and
c=a+b
Note: for homogeneous medium of finite

thickness »

SRS SRV
c= rln(l C)
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WL FAERE A T, IDURE, HELARE B X O
BB L TUTORTERL TNV A.
A 1 AQ,
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__AB _ 1 A9,
b=""5N"" "o ar (2)
_ _AC _ 1 AD.
T AT D A (3)

ZZT, OMAIWHMIC Lo THE LK TH D, C=
O/ DOy THAbH. C=A+BTHHI LMD,
O.=0, +0y, (4)
B LD, AHBETE @) 25PATEMTH %% 2
b, T=1-CTHHI LMD,
O =0+ D, (5)
=0+, +Dy, (6)
kb, ZZT, OFEBHELERE R DT, r=00Lk
EO=0THY, r VRS 22B3EWPDTLIYHETH
b, O, rICHBRZYHEEZDOT, O, O,BLUV O,
3, r=0LEVTNLZALF—ZIOWTHY, H»oO,
r R ZBIEEWMT AYHETHL. Thbb,

AD,
—_— 7
Ar >0, (7)
AO,
— 8
Ar >0, (8)
JAYOR

9
Ar >0, (9)

Thb. —F, WA e, BEARED, B X OHEIRE
i, WIRLLTIEDETH L. L7d-> T, Eqgs(1)+3)
"o, Ol IERDT,

AD,

< 10
Ar 0. (10)
AD,

= 1
A <0, (11)
AD,

_— 12)
A <0, 12

7Y, EqsD-ONCFET 5.

RIZ, Eqs.0-022%1E L W6, »=0T O, O, B I
O NTOWTHY, Ho, r=20%DTOD, OB LD
WINLADEE LS. O, O, BIT O VTN HHED
D4, Eq5)B X EQ6IZB VT, O>0IZ% 5.
Thbh, AFLZHEHE LD & L ARG RO TTAKR
g, LI HNERLRVERIEONE I LIRS, D
PH, O, O,BLYO DEPIETHNATHN, Wih
DEFEITBWTYH, Eqs(1)-GFET 5.

LRt O, O, BILO O TN, FELD B W IFTH IS
Lo THRLZBERE LTEZLLETH L. KIS,
O, Oy BLU O 2L, HELD 5 VIZTH BT & > TR
FFITR S 7 MHH L LTE R D, OV FATLRO B4,
O3B M L7 R 0T,

0] = | 13)

&Y, O DIEFICERZ <, EQBICTET A, 5612,
[ C&Eo%a, O, O i
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D, =0, +Oy, (14)
O, =]+, (15)
LLTEEN, ThZnmlz O, THS &

A=T+B, (16
B=T+A (17)

L bHDT, EQUIZZELTH, C=A+BIIFIET 5.
L7255 T, Eqs.(1)-B)IEL Wb, O, Oy, BLY
O ZHR LM REEZEZ L) &d, HEETIHE- 2
B HREZZ LI &L, HHVIE, O, O, BIV O #IE
HOELLITWZ L) LD, Eqs(1-H6)DET &7z
O, Oy BEIU O ZERKTWAHAL 2. RIS, O Dy
BIPO. TEHREINTWSLA B BLUCIZOWTDH,
IELWWHRESGEAE L W 2% 5.

4. EHADEIESR EHREE

ERADBIEL LT, UTE2RET L. O O, B L
O iE, THZNWIN, BELB L OB & o> THEL 72
BERE L, &TIEOMHET L. OIF, Eilh L 72 HhhH
LLT E0HET S Ok ASHEHRET S L, A
B. C. BXUT,

@,

A= ao, (18)
B = %:, (19
C- % 2
T = % 21)

L5, ZZETIE, BEEVERAGEELN L TH .
22T, a b BXPcoOEHRNZKD L) ICIRET 5.

_dA| _ 1 do,

CTdrle, @ dr | =
_dB| _ 140,

b T dr | @
_dc| 1 do,

Y R S e

WA e IR AR & AL IE R % 578, FARIITIE
TGRS H 5 EHRADN D, ¥4 F XD 7%
DRV DTHA.

UIF, Eqs22-@2Mio E 8 & FIE L % v MGk +
5. a>0, b>0, B c>04DT, Eqgs.22-24%5,

dd,
Rt} 5
o >0, 25
do,
hadnt:) 6
I > 0, 26
d®.

E% D, Eqs T-ONICFIE L WERZS5. O EIT6
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WOMEE, BB LRSI, I R
HELWODT,
O, =0y — D 28
B Do, 2o, Eq)EMUTHY, T=1-CI
FIHL R WHERERL LN TEL, LA oT, |EL
7z Eqs.22-1%, owsm N e EEHslENTn S,
B, OAFATHMOEGE, c 3 TH BV O & HW
T, ROXHITEKTILITES.
_dT| _1.d%,
dr l—o Oy dr | _,
COWE, A FADHFIILETH .

29

Cc =

5. BE

MO EHERE ISR SN TwE e, b, BX U
DEFAND, YA FADFZERNER ZEI2L5T,
D EHR E BRGNS L) Ikl oEHRN L
DOEEE»SHWT 5 &, RE L7236 aIURE, 8
BLRED 2 VIZTEHBRBOIE LWt E R L Tnwb e #E 2
bs. AR, BIPER, #ELER, HECE, »2vidEs
KOS, S5, O, Oy, O, BLOOIHT &
BIELWEEZOLNL., O FTME L-E X, O,
Oy, O, BIU O O % Fig. 1R

<A FADOHFIE, BATO IAPSO 2 X % s s
£ (TIAPSO, 1985) 727 TlidZ% <, ZOHIDIAPO 2L 5
HEEGF I EELE (Jerlov, 1968; Jerlov, 1976) 1I2BWTH a,
b, BIUPcomEHRAICHARMSINTVE., 1 FRADFF
BAOWBH & LT, WEICX B0 E ERAL L7z
TRV E c R=VOFEAEE LT, LEZOND. TV
NIV b s R=VOFEHNIKA TR SN S,

a= —lln<£), (30)

z
S
5
=
=
<
.S
& .
0 Y
0 r
Thickness or path length () [m]

Fig. 1 Concept of relation among @,, Oy, ®. and O, if O, is beam.
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P BB L 72 2 OBGTRELEWRT 5. 2L, T
N b R=VOFEAITHEDN TV D LIE, TINZE->T
HR L7 Cld e <, IR 37125k - 72 TR EE ©
HbH., TN LT, WELFEERETIE, 5 FICHEk

L7 R A H W TWD, SO, Ty - R—)b
DFEHITER SN L B AEENEE CER S K
DENTH 5. WHCFERGEETIE, COBEVWEEE
P, T AOFFEOF-FFEERER L b0 L
EZbhh.

IAPSO 2 X % it I RE R D3 5AT & L7z D H319854F
THb. ZDOI985ELIKEIZ I S N7z LR R FEKM 72
A2, Kirk (1994) & Mobley (1994) 2% 5. &b 50
RIZH, WEEFERENGRE L F UHRE LT 2 v
5. LaL, TNEOKROHTIE, a b, BLDcDER
R A FRAOFF IOV TwARW, T4abh, EHkAU
BT EFEEAGEEIC - TB 53, FEHMAD
MELrEHR AL LTEKLLZDDEEZONS. a, b, B&
e DEHRXDP S A T AOF S HHY iz Z &Ik R
ELTIELWA, EiloARIZ, bt iEE 0 E R
KoFEMRe, BheHN 2 LHEAIERRIhT
Wi, e, Y E—bEYIUITE, V-0
MEE S NASA 2EFE e o 70 I v EFRRLTw 5
(Mueller and Morel, 2003). Z®» 71 h 2V Tl&, Mobley
(1994) OE#RXZRA LTS, FHENEHS 2Tl %
VAR RO E R IR L2 BT, o
wmEBEHEOENLERREZRE LD RL, Ks
MODTTH 5.

WA R 2 V720 iy, IR, HGEL
BREB X O HRB OB S L /AR ED 72D,
19644E 0 IAPO D RFEHETH 5. L L, HE
BWTh, WBELY % O O Z0IEH S Ok BB 7
FEEFHE SN TR, T4bb, BIURE, #ERE
B L OHBREOMED AP IEMH I fmb->TEY, w3
& Kirk (1994) & Mobley (1994) ® X 912K 4 MEH CTE
EPALNIZIDEEZOND. L72h 5T, R TIHNH
LR ROFTIFIC L MO~ FE N EE 2
5. LaL, BREZICBWORE L ERIIHERmOIRIC
REFDTERVIETDH 5.

6. £&O

IAPSO 12 & o T & b N7zt B aE I FE R 125
WS NWIURE, SR, B L T HERR B O RO
FEzEM L. $72, ZOFERZBER72) AT, BE
D ENDERANCIRE L 72, IWHTH O N ETF 0
R L 2 EREDERNTH S, 4% BIEShDHZ L
ZEY 5.
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WEESEARAE N AR OWIIUR L, LR EL, 3 L MR O E 3 B0 5 7 )F

HHELZSHERZTAE £ L7z IAPSO Yt A ¥ N—Tdh
D, ARIN=F U R¥EZ—=IVA - K= TN D Dr.
Niels K. Hojerslev IZEHOBmA R L 5. /2, HEOR
DERBML TSV LSBT IE#H LS.
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