
Journal of Marine Research, Sears Foundation for Marine Research, Yale University 
PO Box 208118, New Haven, CT 06520-8118 USA 

(203) 432-3154    fax (203) 432-5872    jmr@yale.edu    www.journalofmarineresearch.org

The Journal of Marine Research is an online peer-reviewed journal that publishes original 

research on a broad array of topics in physical, biological, and chemical oceanography.  

In publication since 1937, it is one of the oldest journals in American marine science and 

occupies a unique niche within the ocean sciences, with a rich tradition and distinguished 

history as part of the Sears Foundation for Marine Research at Yale University. 

Past and current issues are available at journalofmarineresearch.org. 

Yale University provides access to these materials for educational and research purposes only. 
Copyright or other proprietary rights to content contained in this document may be held by 

individuals or entities other than, or in addition to, Yale University. You are solely responsible for 
determining the ownership of the copyright, and for obtaining permission for your intended use. 

Yale University makes no warranty that your distribution, reproduction, or other use of these 
materials will not infringe the rights of third parties. 

This work is licensed under the Creative Commons Attribution-
NonCommercial-ShareAlike 4.0 International License. To view a copy of this 
license, visit http://creativecommons.org/licenses/by-nc-sa/4.0/  
or send a letter to Creative Commons, PO Box 1866, Mountain View, CA 94042, USA. 



OBSERVATIONS ON TRANSPARENCY IN THE 
SOUTHWESTERN SECTION OF THE 

NORTH ATLANTIC OCEAN 

BY 

GEORGE L. CLARKE 
Woods Hale Oceanographic Institution* 

and 
Biological Laboratories, Harvard University 

The present measurements were undertaken to extend our knowledge 
of the transparency of ocean waters to areas to the south of the 
Bermuda region and to the east of the Caribbean region beyond 
the limits of earlier investigations ( Oster and Clarke, 1935; Clarke, 
1938 and 1939). The measurements were made from the research 
vessel "Atlantis"* between January 19, 1941 and March 7, 1941 on 
Cruise No. 111 which extended from Bermuda to the northeast coast 
of South America and back to New York. The positions of all sta-
tions where observations were made are indicated in Figure 50. 

It was desired not only to determine what variations existed in the 
average transparency of the different areas of the sea traversed, 
but also to ascertain whether any changes in the rate of the penetra-
tion of daylight occurred with depth down to levels of 50 meters or 
more. Another object of the investigation was to learn how closely 
simple Secchi Disc determinations agreed with the transparency 
values obtained from the more elaborate Photronic cell photometer. 
Since Secchi disc measurements require only a few minutes, they 
might be used to supplement the more time-consuming photometer 
measurements if good agreement were found. 

PROCEDURE 

At every station a standard series of measurements was made by 
comparing the readings of two photometers, one of which was mounted 
on deck and the other lowered into the sea. Each photometer con-
tained a Weston Photronic cell, the spectral sensitivity of which ex-

* Contribution No. 306. 
* The measurements at sea were carried out by Mr. A. H . Woodcock and 

the calculations and graphs were prepared by Mr. D . F. Bumpus, of the Woods 
Hole Oceanographic Institution. 
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Figure 50. Location of stations where observations were made. Figures give the average 
value of the extinction coefficient, k, (Column 7, Table I) for range from 2 meters to greatest 
depth at which observation could be made (Column 6, Table I). 

hibits a maximum at 5800A and drops off to 10% of the maximum 
at 7080A and at 3420A. A diffusing disc of opal glass was placed 
over each photometer but no color fi lter was used. In general, the 
same procedure was foll owed as in the earlier investigations of the 
author. All measurements were made between 10:45 a. m. and 2:45 
p. m. E .S.T. At the same time that these precise determinations were 
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being 9arried out with the Photronic cells, a rough visual measure 
of transparency was made by lowering a Secchi disc (white disc 20 
cm. in diameter) into the water and noting the depth at which it 
disappeared. 

The 27 series of measurements with the Photronic cell photometers 
are summarized in Table I. In each case the range in depth over 
which the series extended is indicated (Column 6). The first determi-
nation was made as near the surface as circumstances permitted 
(usually at 2 meters) and succeeding readings were taken ordinarily at 
6, 10, 15, 20, 25 and 30 meters and thereafter at every ten meters to the 
greatest depth at which the instrument would respond. The value 
of the extinction coefficient,* k, for the entire range of depth in-
dicated for each series is given in Column 7. For the sake of uni-
formity, the value of the extinction coefficient down to 50 meters only 
has also been worked out and is presented in Column 8. Although 
certain differences exist in some cases between these values and the 
extinction coefficients for the entire range in depth, the variance is 
slight and the same general picture of the regional distribution of 
transparency is obtained from either set of data. 

TRANSPARENCY CURVES 

A large number of the transparency observations on this cruise were 
made under very -unfavorable weather conditions and consequently 
considerable irregularity appeared among the individual measure-
ments of each series. Nevertheless the trend of the measurements 
is consistent in most cases, as may be observed from the sample set 
of curves presented in Fig. 51. From the straightness of these semi-
logarithmic plots and from the curves for all the other series of 
measurements, it is learned that there was no important change in 
transparency with depth at any station. In other words, the water 
tended to be optically homogeneous in each case down to the depth 
to which the series extended. 

Of the individual series of measurements Series 534, made February 
21, 1941 at Station 4121 (about 750 miles Southeast of Bermuda), is of 
particular interest because of the extremely great transparency it 
represents. The average value of the extinction coefficient over the 
range 2 to 133 meters was k = .037 and individual segments of the 
curve give an even lower value. The Secchi Disc depth was 41 meters 
at this station. The lowest value obtained previously with a photom-
eter of similar, though not identical, spectral sensitivity was k = .042 

* Extinction coefficient= k in the equation I I Io= e-•L where the light is re-
duced from Io to I by a stratum L meters thick. 



TABLE I-SUMMARY OF TRANSPARENCY MEASUREMENTS WITH PHOTRONIC PHOTOMETERS AND COMPARISON WITH 
SECCHI DISC DETERMINATIONS .... 

1 2 3 4 5 6 7 8 9 10 

Ext. Coefj. Max. depth of % su.rface light at 
Series Atlantis Position Date Depth Range Extinction for range visibility of Secchi Disc 

Nu.mber Station Latitu.de Longitu.de 1941 for S eries coefficient, k 2-50 m. Secchi Disc depth 
' 530 4108 33° 51' N 67° 37'W Jan.19 6-85 m. .072 .068 19 m. 26% 

1 4111 31 ° 40' 62° 16' 24 1-127 .061 .066 (40) (4.3) 
2 4112 31' 12° 60° 55' 25 2-65 .058 .059 23 15 
3 4119 28° 17' 53° 09' 28 2-102 .043 .049 39 17 
4 4121 26° 26' 52° 34' 29 2-133 .037 .038 41 11 

5 4123 24° 31' 51° 57' 30 2-85 .047 .046 32 15 
6 4127 21 ° 09' 51 ° 03' Feb. 1 2-126 .042 .042 37 15 
7 4129 19° 00' 51 ° 18' 2 2-101 .045 .044 39 13 
8 4131 16° 39' 51 ° 26' 3 2-77 .045 .044 35 23 ::ti 

VJ 
9 4133 14° 2 1' 51 ° 27' 4 2-66 .043 .043 35 19 

'">:l 
0 

540 4135 11 ° 34' 51 ° 20' 5 2-77 .053 .050 38 15 <:::i 
1 4137 9° 02' 52° 17' 6 2-85 .047 .055 40 9.3 
2 4139 7° 53' 54° 19' 7 2-55 .13 . 13 13 18 
3 4141 10° 46' 56° 01' 8 2-47 .094 .092 (36) (3 .6) 
4 4143 13° 01' 56° 33' 9 2-50 .056 .059 21 18 

0 
5 4147 18° 49' 58° 47' 11 2-52 .038 .040 43 13 
6 4149 19° 51' 60° 47' 12 2-46 .046 .048 34 13 
7 4151 18° 59' 63° 54' 13 2-74 .047 .042 33 15 
8 4155 20° 42' 67° 11' 21 2-109 .038 .036 47 12 
9 4157 22° 16' 67° 45' 22 2-69 .048 .050 33 15 

550 4159 24° 06' 68° 25' 23 2-99 .039 .040 37 20 
1 4161 25° 29' 69° 34' 24 2-80 .043 .035 36 19 
2 4163 27° 35' 70° 19' 25 2-85 .049 .048 33 15 
3 4167 30° 36' 71 ° 14' 27 2-67 .044 .045 30 17 
4 4170 34° 17' 69° 26' Mar. 3 2-83 .058 .058 31 11 

68° 52' 2-95 .061 
.:::i 

5 4172 37° 03' 6 .072 27 8 .0 _< 
6 4174 38° 30' 69° 35' 7 2-86 .077 .079 21 9.6 ,:.,,:, 
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Figure 51. Sample set of curves showing percentage of l ight incident on t he surface which 
reaches t he depths indicated (semi-logarithmic plot ) . Series number appears at end of each 
curve. For complete data see T able I. 
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for the range 2 to 185 meters (k = .038 for the range 95-185 meters) 
in the Cayman Sea, west of Jamaica (Clarke, 1938, p. 90). In the 
present investigation average values for the extinction coefficient 
which were almost as low as in Series 534 were obtained at three 
other stations (See Fig. 50). The greatest value for the Secchi 

· Disc determination was at Station 4155 (about 130 miles northeast of 
Puerto Rico) where the disc was seen at 47 meters. On this occasion, 
calm weather allowed the disc to sink without departing appreciably 
from the vertical and made possible an unusually precise determina-
tion with the Photronic photometer (Series 548, k = .036 for range 
2-50 meters). The greatest previous depth for the visibility of the 
Secchi Disc of which I am aware is 40 meters for Crater Lake, Oregon 
(Hasler, 1938). 

REGIONAL DISTRIBUTION OF TRANSPARENCY 

The observations made across the North Equatorial Current from 
Latitude 29° N. to Latitude 14° N. between Longitude 51 ° W. and 
53° W. yielded low values for the average extinction coefficient, 
all of which fell between k = .037 and .047. Similarly, low values, 
ranging from .038 to .049, were obtained for measurements made 
from a point about 200 miles off Antigua northwestward in the 
water of the Antilles Current to a point about 360 miles south-
west of Bermuda. We may therefore conclude that this region lying 
south of Bermuda and north and west of the Antilles is one of very 
high and relatively uniform transparency. In fact, the values ob-
tained represent the clearest ocean water known. 

Farther to the south the transparency is somewhat reduced and 
at the southernmost station in the Guiana Current about 100 miles 
off the coast of Guiana the extinction coefficient rose to k = .13. 
At this point and at the next station to the northwest the clearness 
of the water was distinctly less than at the stations farther offshore. 

At the stations immediately southeast of Bermuda and at those 
northwest of the Island and toward New York, water of intermediate 
transparency was encountered. The values of the extinction co-
efficient ranged from k = .058 to .077 in this region. These values 
and those for the larger area to the south agree well with the few 
me~surements carried out during earlier investigations near these 
regions. 

COMPARISON WITH SECCHI DISC MEASUREMENTS 

The Secchi Disc measurements (Table I, Column 9) may be com-
pared graphically with the values for the extinction coefficients for 
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the depth range of 2 to 50 meters as determined by the Photronic cell 
photometers in Fig. 52. It is seen that the majority of measurements 
fall b~tw~en k = .040_ and .050 and that these are accompanied by 
Sec_chi _Disc valu_es lymg between 30 meters and 40 meters. Higher 
extmct10n coefficients are correlated with lower Secchi Disc values. 
However, the scatter in the correlation is considerable and it is de-
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Figure 52. Correlation chart of the Secchi disc determinations and the extinction coefficients 
from the Photronic photometer measurements for range 2 to 50 meters. Curve of the equation 

k = 1.7/D has been superimposed. 

sirable to ascertain whether the lack of agreement is due primarily 
to the relative crudity of the Secchi Disc measurement or to some 
other cause. 

Measurements with the Secchi Disc can ordinarily be repeated 
with a variation of less than one meter but during the present cruise 
unfavorable weather conditions were encountered at a large number 
of the stations. The large size of the waves and the irregularity 
of the light reflected from the surface interfered seriously with 
the determinations. (The use of a tube passing beneath the surface 
through which the investigator may observe the disc is indicated for 
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future work.) Furthermore, the drift of the ship was such that in 
many cases the cord supporting the disc acquired an angle of 30° 
or more to the vertical. Although the vertical depth of the disc 
could be calculated (if the cord be assumed to have been straight), 
as is always done in the case of the Photronic photometer, this 
procedure would not give a correct value for the limit of visibility 
since the path of the light from the disc to the observer's eye follows 
the angle of the supporting cord. In view of this compli cati on it 
did not seem worth while to attempt a correction for the angle of 
stray and the values given are the total length of cord fr om the surface 
to the disc. 

Errors of measurement may therefore account for a part, or all , of 
the irregularities in the correlation of the Secchi Disc measurements 
and the extinction coefficients. Another possible explanation, which 
must be borne in mind, is the fact that in two cases in which the 
actual amount of light reaching a certain depth is identical (as 
measured by the Photronic cell photometer), the relative parts played 
by the processes of scattering and true absorption may be very dif-
ferent. In the situation in which scattering is greater, the li ght from 
the Secchi Disc would be more highly diffused and hence the disc 
would be less easily recognized from the surface. Such a condition 
has been reported for lakes (Sauberer, 1939). In the case of the 
ocean, this possibility, that there may be important differences in 
the relative roles of scattering and absorption from place to place in 
additi on to the already recognized variation in the "total" rate of 
light extinction should be carefully tested in as many situations 
as possible. 

The relati on between the value of k, the extinction coefficient, as 
determined by a photometer and D, the depth for the limit of visibility 
of the Secchi Disc was found by Poole and Atkins (1929) on the 
basis of their measurements off Plymouth, England, in water of 
lower transparency (k = .088 to .203) to be described roughly by the 
equation k = 1.7 / D . A curve expressing this relationship has been 
drawn on the correlation graph (Fig. 52). It is seen that this 
cmve agrees remarkably well with the average position of the points. 
If the two observations represented by points within parentheses 
are rejected as probably in error because of their wide divergence, 
then the remaining points fall satisfactorily within a band of moder-
rate width, the axis of which is described by the above equation. 

The magnitude of the illumination at the depth at which the Secchi 
Disc is just visible is of interest and has been determined from the 
curves of li ght penetration at each station. This may be given as 
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percentage of light incident at the surface as experience has shown 
(cf. Poole and Atkins, 1929) that differences in the value of day-
light may be neglected if measurements are made near the middle of 
the day (as was the case in this investigation). The percentage of 
the light at the surface which existed at the depth obtained for the 
Secchi Disc appears in Column 10 of Table I. It is observed that 
the illumination varies from 8.0% to 26% (omitting the two question-
able observations) with an average of 15.2%. These values agree 
very closely with those of Poole and Atkins (1929) who reported a 
variation for his set of 14 series of measurements from 9.6% to 
22.6% with an average of 15.8%. This range in the percentage il-
lumination and the width of the band in the correlation graph (Fig. 
3) are a measure of the extent to which the photometric and the 
visual methods of transparency measurement agree. Further work 
is called for to determine how much of the discrepancy is due to 
error of measurement, and how much to differences in the optical 
properties of the water. 

SUMMARY 

1. Twenty-seven series of light penetration measurements were 
made with Photronic cell photometers to depths as great as 133 meters 
in the southwestern section of the North Atlantic Ocean. 

2. The water exhibited no important change in transparency with 
depth. A minimum average value for the extinction coefficient of 
k = 0.037 and a maximum depth for the Secchi Disc of D = 47 meters 
were observed. 

3. The region south of Bermuda and north and west of the Antilles 
was found to contain the clearest ocean water known and to be rel-
atively homogeneous in respect to transparency. Off the coast of 
Guiana a sharp drop in transparency was encountered. To the south-
east and to the northwest of Bermuda, the water is very clear but 
less so than farther to the south. 

4. A comparison of the Photronic photometer measurements with 
the Secchi disc determinations shows in general good agreement with 
the relation, k = 1.7 /D, reported by Poole and Atkins. At the depth 
of disappearance of the disc the illumination averaged 15% of the li ght 
incident at the surface. Individual variations suggest the possibility 
that important changes in the relative effects of scattering and ab-
sorption may occur in ocean waters. 



230 

CLARKE, G. L. 

SEARS FOUNDATION 

REFERENCES 

[IV, 3 

1938. Light penetration in the Caribbean Sea and m the Gulf of Mexico. 
Journal of Marine Research, 1 : 85-94. 

CLARKE, G. L. 
1939. Variation in the transparency of three areas of the Atlantic through-

out the year. Ecology, 20: 529-543. 

HASLER, A. D. 
1938. Fish Biology and Limnology of Crater Lake, Oregon. J . Wildlife 

Management, 2: 94. 

OSTER, R. H. AND G. L. CLARKE 

1935. The penetration of the red, green, and violet components of daylight 
into Atlantic waters. J. Opt. Soc. Am., 25: 84-91. 

POOLE, H. H. AND w. R. G. ATKINS 

1929. Photo-electric Measurements of Submarine Illumination throughout the 
Year. Journal of the Marine Biological Association of the United King-
dom, Vol. XVI., No. 1, pp. 297-324. 

SAUBERER, F. 
1939. Beitrage zur Kenntnis des Lichtklimas einiger Alpenseen. Int. Rev. 

Hydro biol., 39: 20-55. 


