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ABSTRACT 

The attenuation coeflScient of sea water is derived from a formula which is more 
general than the Lambert's equation. The mean attenuation coefficient which the Secchi 
disc observations give is obtained therefrom. The constant of the Secchi disc is discussed 
in the light of the relationship developed. The theoretical concept developed here, falls 
in accordance with the expressions based on field data. 

INTRODUCTION 

The attenuation coefficient of light in sea water is an important parameter not 
only from its physical point of view but also from the view point of its relationship 
to primary production (Riley, 1956 and Strickland, 1958). The attenuation coeffi­
cient of light depends upon absorption and scattering in the medium. The absorp­
tion and scattering caused by. sea water at different wavelengths of light have been 
discussed in detail by Jerlov (1967). 

Although modern electronic devices (Gall, 1949; Jerlov, 1951 and Sasaki, 1964) 
are available to determine quite accurately the attenuation coefficients, the Seccbi 
disc is still the simplest device to determine quite easily the mean attenuation coeffi­
cient of sea water for visible radiation. Though the device is simple, a theoretical 
approach toVvards its perfection makes it a more practical object for use. Tyler 
(1968) developed a fine theory on Secchi disc. His aim was, however, to divide the 
attenuation coefficient as determined by Secchi disc into its primary components, 
namely, the two coefficients for coUimated and diffused light. 

Certain suggestions have appeared in modern literature on the use of Secchi 
disc (Jones and Wills, 1956; Hanaoka, 1957 and Qasim, Bhattathiri and Abidi, 1968) 
with some modifications in the expression originally determined by Poole and Atkins 
(1929) based on their studies in the English Channel. These modifications are based 
on empirical relations developed between the Secchi depths and attenuation coeffi­
cients, determining the latter with the help of a photometer. 

In the present communication, the author makes an attempt to explain the 
•'constant' of Secchi disc purely on a theoretical basis. 
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THEORY AND DISCUSSION 

The intensity of a parallel-beam radiation of a particular wavelength decreases 
along its path in pure water, obeying the Bouguer Law (also called the Lambert 
Law). In the following discussion the absorption of light includes scattering as well. 
The absorption of radiation in sea water is a complicated phenomenon because of 
the suspended particles and dissolved substances (Kalle, 1966). Nevertheless, the 
general equation of absorption of radiation in sea water may be written as 

I , = I o e - « ^ ^ . (1) 

where I^ is the intensity of radiation at depth Z, Î , is the intensity at the sea surface 
(z = o) and a. and p are positive constants. The constant a is characteristic of the 
'type' of sea water. 

The particular value of ^ as imity refers to Lambert Law. Further, by making 
use of the data given by Sverdrup (1945) on the percentages of incident energy per 
unit area at diiferent levels in the sea, one obtains that p = J and a attains values 
0.371, 0.545, 0.862, 1.562 and 1.871 characterising the five types of sea water, namely, 
pure sea water, clearest oceanic water, average oceanic water, average coastal water 
and turbid coastal water respectively. It is noteworthy that the values of « chara­
cteristically increase in the order of the type of sea water ranging from pure sea water 
to the coastal turbid water. 

Taking logarithms on both sides of eq. (1). 

In I^ = In lo — « Z" (̂ > 

differentiating the eq. (2) with respect to z, 

d (In Iz ) p_i 
d Z = — ocp Z 

Theattenuationcoefiicient, K, ofseawatermaybe defined as — Lt (8 In 1/8 Z) as 8Z 
tends to become zero. Therefore from the eq. (3), 

K = a p Z P - ^ (4) 

Since K is regarded as positive and it would decrease with depth (Sverdrup, 1945), 
it is clear from the above equation that p should take a value greater than zero and 
Jess than unity (0< p <1). If so, the attenuation coefficient K will be a nonlinear 
function of depth, the power to which the depth is raised being a number between 
0 and -1. It is also clear from the eq. (4) that the vertical profile of attenuation coe­
fficient would, by virtue of a, depend upon the type of sea water. Hence the atten­
uation coefficient is a useful means for identifying the types of sea water while 
making optical observations in the sea. 
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For the Secchi disc, let D be the vertical depth [in metres) at which the disc 
just 'disappears' to an observer on board a ship. Let IgQ be the intensity of radiation 
reaching the sea surface from the disc. IBO is a negligibly small quantity. Thus 
the radiation beam (visible light) incident at the sea surface with intensity IQ suffers 
absorption as it traverses the vertical path from the sea surface to the disc and then 
back from the disc to the sea surface, diminishing finally to a negligible amount Igo-

As defined by eq. (4) the attenuation coefficient K^ at depth z is given by 

K, = a p ZP-l 

Hence, K the mean attenuation coefficient for the depth interval D, from the surface 
of the sea to the depth at which th Secchi disc just disappears, is obtained by 

K = n.°/'^»''^]/[>^] =• 
According to the eq. (1) the intensity of radiation \ 

given by 

and also 
ID = 

B̂O 

— a DP 
Ice 

— (xDP 
= lDe 

p P - l (5) 

J at the disc at depth D is 

(6) 

(7) 

Eliminating Ip from eq. (6) and (7), 

— 2 a DP 

IBO = IO e 
or 

— 2aDP 
I B O / I . = e (8) 

Let the ratio TBO/IQ be denoted by n/100 where n is a small positive number. 
Then eq. (8) becomes 

- 2 « D P 
e = n/100 

or 
2.303 

« = - 2 5 f Log (n/100) (9) 

where the logarithm is taken to the base 10. Substituting the above value of oc in 
eq. (5) for the mean attenuation coefficient, v/e obtain 

2.303(- Log ^ } (^,^ 

^ 2 D 



for n = 1, 
for n = 2, 
for n = 3, 
for n = 4, 
for n = 5, 

K 
K 
K 
K 
K 

= 2.3/D, 
= 1.9/D, 
= 1.7/D, 
= 1.6/D, 
= 1.5/D 
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Assuming that there is no loss of light due to absorption at the disc and 
neglecting the differences in the eye power of individual observers, the percentage 
loss of light (n) may be attributed to the type of sea water. This is because the 
intensity of light coming from the Secchi disc is judged against the background illu­
mination of the surrounding waters. This is evident from eq. (9). Strickland 
(1958) has stated that the general background illumination at the sea surface is of 
the order of 2 to 3 percent of the vertical intensity of the incident light at the sea sur­
face under natural conditions. A similar expression was derived by him on the 
assumption of the validity of Lambert Law. Further, if p becomes unity, no dis­
tinction could be made between a and K, as they become equal to one another. 

Let us give different values to n in eq. (10) 

(11) 

and so on. It may be interesting to view the 'constant' of the Secchi disc in the light 
of the above discussion. Since a is a function of n (eq. 9), a variation in n (eq. 10) 
may also mean a variation in % which means a change in water type (optically). 
It is of theoretical interest that the constant of the Secchi disc is 1.9 (eq. 11) for waters 
requiring 2% (n = 2) back illumination at the sea surface. For waters requiring 
3 % (n = 3), the constant is 1.7 and for those requiring 5% (n = 5), it is 1.5 only. 
It may also be mentioned here that Poole and Atkins (1929) obtained a constant 
of 1.7 by photoelectric measurements for wateis of the English Channel. Jones 
and Wills (1956) determined the attenuatoion coefficient with a transparency 
meter at various depths and also took the Secchi disc observations in the waters 
around Plymouth and the mouth of the Thames and thereby arrived at an empirical 
relation between the Secchi depth and the attenuation coefficient. The relationship 
yielded a constant of 1.9, if very turbid waters were excluded. (See also Strickland, 
1958). Qasim et al. (1968) obtained a value of 1.5 for the very turbid estuarine 
waters at Cochin. Their observations were based on data collected in two ways 
<i) transmission of illumination at a depth where the disc disappears and (ii) upward 
scattered light reaching the observer. They used a lux-meter for comparison. It 
may be concluded that the theoretical concept developed here, falls in accordance 
with the expressions based on field data. 

REFERENCES 

GALL, M.H.W. 1949. Measurements to determine extinction coefficients and temperature 
gradients in the North Sea and English Channel. J. mar. biol. Ass. U.K. 28: 757-780. 

HANAOKA, T. 1957 Suspended matter as index of the productivity of the sea areas. Paper 
presented at symposium of the International Council for the Exploration of the Sea, Bergen, 
1957. Preprint A/No. 6. 



ATTENUATION COEFFICIENT OF LIGHT 155 

JERLOV, N . G . 1951, Optical studies of ocean waters. Rep. Swedish Deep-Sea Exp., 3: 1-69. 

JERLOV, N.G. 1967. Optics of sea water. International Dictionary of Geophysics: l-\\.Verga.mon 
Press, Oxford. 

JONES, D . AND M.S. WILLS. 1^56. The attenuation of light in sea and estuarine waters in relation 
to the concentration of suspended solid matter. / . mar. biol. Ass. U. K. 35: 431-444. 

KALLE, K. 1966. The problem of GelbstofTin the sea. Oceano^/-. mar. Biol. Ann. Rev., 4: 91-104. 
H. Barnes (Ed.) George Allen and Unwin Ltd., London. 

POOLE, H.H. AND W.R.G. ATKINS. 1929. Photoelectric measurements of submarine illumination 
throughout the year. J. mar. biol. Ass. U.K. 16: 297-324. 

QASIM, S.Z., P .M.A . BHATTATHIRI AND S.A.H. ABIDI. 1968. Solar radiation and its penetration in 
a tropical estuary. J. exp. mar. Biol. Ecol. 2: 87-103. 

RILEY, G.A. 1956. Oceanography of Long Island Sound. II Physical Oceanography. Bull. 
Bingham Oceanogr. Coll., 15: 15-46. 

SASAKI, T. 1964. On the instruments for measuring angular distributions of underwater daylight 
intensity. In: Physical Aspects of Light in the Sea: \9-2A. University of Hawaii Press. 

STRICKLAND, J . D . H . 1958. Solar radiation penetrating the ocean. A review of requirements, 
data and methods of measurements with particular reference to photosynthetic productivity. 
J. Fish. Res. Bd Canada, 15: 453-493. 

SVERDRUP, H.U. 1945.0ceanography for meteorologists. Georgel Allen and Unwin Ltd., London, 
246 pp. 

TYLER, J .E. 1968. The Secchi disc. Limnol. Oceanogr., 13: 1-6. 

file:///9-2A

