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ABSTRACT 

Irradiance observations from 71 stations during 

summer season are presented. The Atlantic waters separate 

from the surrounding waters by the vertical attenuation 

coefficient at 465 mn of less than 0.1 m-1 , and the 1% 

irradiance transmittance depth at 465 nm greater than 40 m. 

Integrated irradiance transmittances may be obtained from 

irradiance measurements at 465 nm. 
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l. INTRODUCTION 

The majority of the light measurements presented 

here were made to determine the approximate depth of the photo -

synthetic layer and the different sampling depths for simulated 

.~n_§}.t~ primary production measurements accord.ing to BERGE ( 1958-61) 

Only the more recent measurements were aimed at a broader 

description of the optical properties of the different water 

masses in the Norwegian and Barents Seas. Even then, the cruises 

have always had other main purposes and the selection of stations 

is based more upon opportunity than on careful coverage of 

optically interesting areas. Also during the first years, 

different filter combinations were used, and this has made the 

interpretation more complicated and with less accuracy. 

However, since no other irradiance measurements from 

these areas to our knowledge have been published . we hope that 

our results may be useful to other workers in the marine field. 

2. THE IRRADIANCE METERS. 

Two different irradiance meters have been used ~ both 

of the same simple type, consisting of a selenium cell protected 

from the water by a metal housing with a glass window. The window 

is covered by exterior glass filters from Schott & Genossen ~ Jena, 

and an opal glass. The photocurrent from the selenium cell is 

recorded on deck by means of a cRble and a microampere met er. 

(A deck photometer is used for normalizing purposes in case of 

changing light conditions). 



'I'he spectral sensitivity and the immersion coefficients 

for one of the irradiance meters were calibrated according to 

AAS (1969)~ and the other instrument was then calibrated against 

this one. 

Fig. 1 shows the spectral sensitivity in water of one 

of th~ irradiance meters with opalglas s and the filter com-

binations N3 ~ Bl2} Bl2+G5 and Bl2+V9. The curves have been 

normalized with 1 at their peak value. 

3. SOURCES OF ERROR. 

Some of the practical ·problems at sea have been 

discussed earlier by AAS (1969a). One of these is the shadow 

effect of the ship. The effect depends upon the radiance distribu~ 

tion in the sea and the solid angle from the instrument to the 

ship (Fig. 2). Calculations on the dimensions of R/V "Johan 

Hjort" and radiance data from Lake Pend Oreille (TYLER and 

PREISENDORFER 1962) give the table below (AAS, 1969b), which shows 

the reduction in irradiance when the radiance within the solid 

angle from the instrument to the ship is lost 5 assuming instru-

ment and sun on the same side of the ship. The results show that 

the reduction in cloudy weather may amount to about 20%. 

Irradiance reduction (%) 

r~~; ==-~ == -;lea-f~ky ~== = ~Over:is~ sl<d 
i 20 m 7 22 
i 30 m 9 14 

I 
40 m 12 14 
50 m 6 6 

----- -- ~ ·-- · ·-·- ·-· -·- ·-- -- - ~-- ·-·· ---- - ··---......J 



Waves, currents, ' the ship's movements and other factors may 

give errors of the same order in the instrument readings. 

In plotting all the readings at a station as a function of depth 

on semilogarithmic scale, taking into account the possible errors, 

and the adapting the smoothest curve, it is felt that an accuracy of 

~ithin ;± 10% or be tter is obtained. The mean vertical attenuation 

coefficient in the range 0 - 20 m depth, will then have an 
- 1 accuracy of within ~ ; 0.005 m 

4. MATERIAL AND I\1ETHODS. 

4.1. The basic measurements. 
------ -·· - - - --- - - ..;;_;;;_:c..;:.,.'-

The stations are listed in Table 1 3 and their location 

is shown on Fig. 3. 

The basic irradiance measurements (photocurrents) 

with different filter combinations are given in Table 2, toge ther 

with observed temperature and salinity. The photocurrents are 

given in per cent of their surface value (by surface is meant 

subsurface). 

In order to make the irradiance measurements compar -

able~ it is necessary to relate all recordings to the same wave-

length and sun height. Since JERLOV (197lt) has recommended and 

pointed out the usefulness of measurements at 465 nm, this wave-

length has been chosen as the reference wavelength. The mean 

sun height at the .71 stations presented here (Table 1) was 35° , 

which then has been used as the reference sun height. 

To cover the whole range of variation four stations, 

representing extren1e irradiance conditions , have been chosen. 
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They represent the most turbid and the clearest coastal waters 

off Norway (Station 457, 1969 and St. 201~ 1968) 5 and the 

most turbid and clearest waters in the Norwegian Sea (St. 430, 

1973 , St. 287s 1971). The spectral irradiance distributions on 

these stations have been calculated according to the method 

described by JERLOV (1951) ( a lso by AAS (1971)) ~ and are shown 

in Figs. 12, 14 . 16 and 18 . The spectral irradiance distribu

tion from four other statione (St. a , b and c , 1967 and St. 172, 

1968), previously analysed, wa s included for the purpose of 

calculating the photocurrents produced by the applied filter 

combinations~ and thereby the relations between the photo -· 

currents and the irradianc e at 465 nm. 

The filter combinations Bl2+G5 and Bl2+V9, Fig. 1 ~ 

demonstrate sharply defined wavelength regions. Consequently 

the rela tions between their photocurrents and the irradiance EA 

at 465 nm in percent of their surface values, Figs. 4 and 5 

are very good. The sensitivity re gion of Bl2 is broader ~ but 

still the relation between photocurrent and irradiance, Fig. 6, 

is well defined. The sensitivity region of the neutral filter N3~ 

however, calls for a different procedure in transforming the 

photocurrent to irradiance transmittance at 465 nm: From an 

observed 

vertical 

and that 

and the 

value of the photocurrent 

attenuation coefficient 

depth is 

irradiance 

given~ Fig. 7. 

transmittance 

= T(z) -Kz = e 

where z is the depth. 

at a certain depth ~ the mean 

K at 465 nm bet\oJeen the surface 

The relation between KJ E>. 

~r at 465 nm 3 is 

(1) 
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The result of transformations of the photocurrents in 

Table 2 is given in Table 3, as the depth of 1% irradiance 

transmittance at 465 nm; and as the transmittance at 20 m depth. 

As a second step in the comparison of the measurements ~ 

the influenc e of the sun height is considered. In a non-scattering 

fluid wher e the direct sunrays were dominating the irradiance, the 

vertical attenuation coefficient K would follow the relation 

K = 
K 

0 K = s cos J = K sec j 
0 

( 2 ) 

Here j is the angle of refraction of the sun rays, and K 
0 

consequently the coefficient for a zenith sun. The relation 

between j and the sun he ight h is given by SNELL 1 s law 

is 

cosh= n sin j , (3) 

where n is the index of refraction. 

The mean sun height of the stations is 35° with a 

standard deviation of 8°. This means that if the relation in 

eq. 2 were valid, most of the coefficients would be changed less 

0 than 5% if they were normalized to a 35 sun he ight. However , 

as the investigated waters often ar e rich in plankton and the 

sky often is overcast, the dependence of the coefficient on the 

sun height in eq. 2 is likely to be overestimateds that is, the 

changes due to sun height might be sipn1ficantly less than 5%. 

Considering the sources of e rror, which were discussed in the 

preceding chapter , it may then seem unnecessary to normalize 

for different sun heights. 

Still, since it may be instructive, it shall be done 

here. In an earlier work AAS (1976) has proposed the following 
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formula for the vertical attenuat ion coeff isient : 

K = a (l + 3R)(sec e0 + (s ~c 1 - sec eD)r). (b) 

Here a is the absorption co efficj_ent 5 ~ is t he 

irradiance ratio or reflectance , sec 0 
D 

is the dowm-.ra.rd 

distribnt ion funct i on ( '"CYLEE and PR:r i ~;ENDORJi'F.H , 19 62 ) of 

diffuse li[ ht ! and r is the r a tio betwPen t he dj.rect solar 

c ontr :tbut ion to the irradianc e <:mel. the t otc:tl ( sola.r and 

diffuse) irradianc e . 

The value of r just beneath t he surface may be 

written r
0

• R2peated measurements of r
0 

on th~ roof of 

t he institute buildi ng in Os lo all gave ~igher values than 

the eralier cho sen function. Consequently 

weather has b een changed to 

( 1 + 0.0 9 co 8ec 

r 
0 

for clear 

~his new relationship a lso influe~ce s the function s ec e 0 ~ 

which noK gets the form 

sec e = D 
- TT Z l. 4 2 -· 0. 1 (; e 

( 5) 

( 6 ) 

In th e privious work AAS constructed a cor rection 

term for cloudiness on the a ssum9tion that when the cloudiness 

was C, C part of the sun would be screened by clourts ~ or 

the sun would be screened by clouds C Darts of the time . 

During our measurements , ho~ever, the sun wa s usually un -

screened, exc ep t in the ca s e of a totally overc 2st sky. By 

the same procGdu:':'e th en.s the corr ect i on t er m for the present 

case ~vill bP 

(1 - 0.5 ) 
-1 C + r C -

0 

Phen the cloudiness is s iven in parts of one. The 

function of r with clouds will t hen b e 
0 

( 7 ) 
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r t = r
0

(1 - 0.5 c + r C) - 1 
0 0 

( 8 ) 

The function r in the depth z is approximately 

1 ... J< z 
r = r e 

0 
(9) 

It may then be deduced that the me an vertical 

a~tenuation ~ oefficient be tween the surface and 20 m depth , 

with 35° sun height and clear sky, K35 , is related to the 

observed coefficien t K by 

where 

• K
3 5 

= K f ( h , K, C) 

f = 

r = r r 
0 

1.42 - 0.16 

-Kz e 

~Kz 
e 

-· 
r ' 0 

is given by eq. 8, and z is 10m. 

3. 3. .Qpt~ca l _ _£~assi_[!~Cl:_t_~on. __ of -~~-~er ty_I,?_e~ 

JERLOV (e . g . 1968) has classified oc ean waters 

I - III (h = 90°) and coastal waters 1 - 9 0 
(h = 45 ) 

according to their irradianc e transmittance jn the upper 

(10) 

(11) 

(12) 

(13) 

layers. The following t a ble is calculated from his trans -

mittance values and the corresponding vertical attenuation 

coefficients 3 and gives the mean vertical attenuation co· 

o efficients in the layer 0 ·- 20 m at 35 s un height ~ K
35

, 

according to eq. 10. 
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r----

I 
JERLOV 's .-CLASSIFICATION r- - ----.----, ·-- -il 

1 
I K KS35 

I 
I Water type I h T per 20 m K_1 I ~I · _: l I 

degr. % m m m 

I ----+-----~---- ----- --- ·- - ----·---- -t--·----··---------· 
I I 90 70. .01781 .0213 .0226 

IA 90 61. .021-17• .0291 .031!1 

Ocean water 

_ II _ 

r~~-
II 
~ IB 90 52. . 0327 .0380 .0415 

-· If - II 90 29. .0619 .0690 .0786 

·- II ·- III 90 9.6 .117 . 121~ .149 

coastal water 1 45 6.76 .135 .137 .145 

- il 
~ 3 45 1.00 .230 .232 .247 

- 1\ - 5 45 .0324 .402 .402 .433 

9.5 •10-5 ' 
II .., 

45 .691 .691 .744 - - I 

I - II - 9 
·---

45 1.77•10 ~ 9 1.24 I 1.24 I 1.33 
-·- - ----- - ---- ·--· -- - ~ -- -- -- -- -~- -------- --·-· , _ ____ .. __ 

For comp arison the values according to the 11 Secans 

relation'' eq.2 , KS 35 , are added. The two equations give results 

which do not differ much for clear wat e r but for turbid water the 

"secans relation" gives significantly higher value s. Fig. 8 shows 

0 the coefficients at h = 35 according to eq. 10. The classifica-

tion at this sun height is characterized by an almost constant 

ratio between succeeding coefficients, type IA excluded. 

5. RESULTS AND DISCUSSION. 

Spectrally integrated (350 - 750 nm) irradiance E 

and integrated quanta irradiance Q for some of the stations 

were calculated by integration of the spectral irradiance 

distr:l,bution EA(A)~ or by corre lation formulas based on 

photocurrents ( AAS, 1971) 3 and are listed in Table 4. 
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Fig. 9 shows examples of transmittanc es of E . The functional 

relationships be tween E, Q and EA(A) are 

E = 

Q = 

750 
f E), ( \ )d>, 

350 

l 750 
he f El. (\)1-d /. 

350 

where h is Plancks constant and c is the velocity of 

light in air. 

It now be comes possible to obtain E in percent 

of the s urfac e value from the observed mean value of K at 

(14) 

(15) 

465 nm and the corre sponding depth ~ a s demonstrated in Fig. 10. 

AAS (1971) found for Norwegian fjord and coastal 

wat ers that the ratio Q/E was (2.7 ± 0.2)· 1018 quanta s-1/W. 

(The number after ± is the sta ndard deviation). Table 4 

confirms this constancy by having a mean ratio of 

( 6 ) 18 - 1 2. ± 0.1 • 10 quanta s /W. 

Consequently the rela tion be tween K at 465 nm and 

Q must be equal to the relat ion between K and E in Fig . 10. 

Another consequence of t his is that while JERLOV (1974) has found 

that the ratio Q/EA(465) is only a function of depth for the 

optical ocean water types I - III, it will in the Norwegian and 

Barents Seas also be a function of th e vertical attenuation 

coeffici ent. 

When the depth of 1% irradiance transmittance at 

465 nmJ ZB ' is known, the depth of 1% integrated quanta 

irradiance transmittance, ZQ , may .be found from Fig. 11 , which 

is ba s ed on Table 3 and Ll. Correlation analysis on our results 

g ives the re gression line in Fig. 11 ? which is described by 
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(16) 

This line coincides very well with JERLOV's (1974) results 

for optica l ocean water type s ~ as is demonstrated in the 

figure. 

Thus in the NorNegian and Barent s S ea s ~ by measuring 

the depth z
8 

where the photocurrent with filters Bl2 + G5 

is r educed to 1% of its surface value, ZQ may be found by 

eq. 16. z 
E ~ the depth of 1% integrated irradiance tr ansmittance ; 

will be almost equa l to ZQ. 

The clear waters of Station 201 ) 1968 and Station 

287 , 1971 are characterized by their high transmitt ance in 

the blue part of the spectrum (Figs. 12 ~ 15). At Sta tion 287 

for instance ~ the depth of 1% irradianc e transmittanc e at 465 nm 

is found by extrapolation to be 81 m (Table 3), while the 

integrated irra diance (350 - 750 nm) obtains 1% transmittanc e at 

67 meters depth (Fig. 9 and Table 4). 

Sta tion 457 , 1969, and Station 430, 1973 showed 

both gr eenish water colours ~ an observ~tion which conforms with 

their sp ectral irradianc e distribution and tr ansmitt ances 

(Fig. 16 - 19 ). The latter station was r emarable due to a 

anomaliously high att enuation in the r ed part of the spectrum . 

compared with the attenuation in the hlue part . a phenomenon 

which undoubtedly was caused by a dense brown coloured phyto-

plankton population. The surfac e water, when observed in a 

bucl{e t , was clearly brown spotted due to Pha~()_.s_ystis pouchetii , 

while at 10 m depth the plankton population was dominated by 

Chaetoc eros diatoms in a conc entration of 43· 10 4 cells/litre. 

Spectral irradiance at thes e stations is given for some wave -

lengths in Table 5. 
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The correction factor f (Table 3), by which the 

observed vertical attenuation coefficients are corrected to 

35° sun height and clear sky, alter the basic values with 

max. 3%. The small correction is due to the fact that the 

actual sun heights did not deviate much from 35°~ and that the 

few greater deviations from 35° sun height all were in waters 

with great attenuation. 

Fig. 20 gives the relation between the salinity at 

10 m depth and the depth of the 1% irradiance transmittance at 

465 nm. In spite of a high scattering of the values , the 

greatest depths are obviously found at the highest salinities. 

The same phenomenon is found in Fig. 21 , where the mean vertical 

attenuation coefficient in the range 0- 20 m depth as a function 

of the salinity is given. The values are highly scattered, but 

the smallest coefficients are found for the highest salinities. 

Figs. 22 - 24 show the horizontal distribution of 

salinity at 10 m, the depth of 1% irradiance transmittance at 

465 nm , and the vertical attenuation coe fficient. It should 

be noted that the maps are based on measurements from s everal 

years and do not give a synoptic picture of any situation. 

(Only one or two isopleths, repres enting the most significant 

features ~ are drawn). Fig. 25 shows the horizontal distribu 

tion of the optical water type s ~ using JERLOVs classification 

of irradiance at 465 nm (Table 6). Even in oceanic areas , and 

especially in mixing zones !· ;1coastal 11 types may ocur due to 

high plankton content. However, an important difference 

between these "virtual n coastal types and the 11 true 11 coastal 

types is that the former laclc the high yellow substance contents 

of the latter. 
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Figs. 22 - 25 also illustrate that the Atlantic waters 

0 (:salinity higher than 35 /oo) are roughly chara ct erize d by 
. ~1 

a vertical attenua tion coeffici ent at 465 nm less than 0.1 m s 

and a 1% i r radiance transmittan~e depth at the sa me wavelength 

greater than 40 m. The border line be tween optical coastal 

and ocean waters roughly follows the 35°/oo isohaline . 

This does not mean that arctic or polar wa ters can 

not be as clear as Atlantic wa t ers; some of the me a surements 

her e (Fig. 20 and 21) prove the contrary. But most of the 

present measurements are restrict e d to Atlantic waters and the 

mixing areas. 
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Ship 

s 

s 

H 

Station 
No. 

251 

285 
293 
j~l. 

334 

166 
178 
190 

204 
213 
652 . 
657 
663 

150 
166 
178 
187 
207 
221 

232 

256 
298 
323 
jjO 

346 
368 
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TABLE 1 

Lat. 
N ~ Q 

· Long. Date GIE Depth Wind "' ., ·g s ..s::. j ~ t: ... ,...J 

---,---1 1---:----.--1 ·;; to 1--~1 5 .£ J: "' .... 
--0 -, -, 0 I E I b D' Sp. > u ~ .':: 

j w Yr. Mo. Day. ~ ottom 1r. kn. > "' ." 

P9 !46 oos 37 1 954 05 29 12 3040 09 13 218 ~ 41 
70!53 009 14 1 - 05 31 10 023~ 05 0914 3lr 

.L /.:5U 008 19 1 - 06 02 12 ~~l.U 36 13 ~~8 41 
r70 115 uuo 48 0 - 06 03 12 3270 23 09163 42 
'.L [50-uiU u·r1u - jOb 09 12 23~U 132 13117 2 lH 

3 30 000 2 3 0 - 0 6 11 10 3150 ~ 7 

~0 46 008 28 0 955 03 26 11 0275 99 0 0 1 25 
~' 33 OOtl 3~ 10 - 103 27 13 0350 36 0914 2 24 
~4 LJ9 006 0610 - 03 2~ 12 0310 2814 27 
~j 20 006 05 0 . - 0~ 29 12 0201) ~2 1~11 614 ::>8 
~1 46 004 04 0 - 03 30 12 021'5 ~, 

71 30 043 06 0 - 07 28 11 0255 1~2 OQ 1 6 I~ ~6 
l'f.L 09 040 50 0 - 07 29 10 0232 05 2 8 2 16 
'0 '2j 032 34 0 - 07 31 11 0256 32 09 1 4 ~ 7 

p6 15 010 47 ol9'58 05 21 20 o~oo 05 los 1114!~ os 
P7 22 007 15 o- 05 22 11 1600 02 1816419 
r:>8 54 002 oo o- . b5 2313 3200136 1~161~ 40 
r70 '04 oo2 10 1 - P5 24 12 2 760 11 4o 
170 53 012 53 1 - Kl5 26 12 0510 2 3 05 1 6 2 38 
r11 26 013 35 1 - P5 27 12 1280 03 021 72 39 

171 l~o 00'5 05 1 - b'5 28 11 246o 112 lnt; 11 141? ~q 
171 15 on 2 2 o o - p 5 , 2 9 12 3 2 4 o 14 o 5 1 3 1 4 o 
:,9 44 oo8 22 o - b5 l3o 12 3220 05 lo'5 111~ 4::> 

1 01 015 35 o - P6 o6 11 2040 36 05 1 6 41 
13 09 002 16 o - P6 08 12 2880 36 13 1 3 3 38 

.:5 09 oo5 15tl 1 - P6 09 12 2820 34 13 1 6 38 
7 4 3 0 011 4 5 1 - p 6 10 13 3 0 1 o. 13 6 0 1 0 b 18 
r, 4 3 4 o o 5 41 o - p 6 1 7 · 1 o 314 o 13 2 o 9 8 I~ ~ 7 

r-H -+-'1:;..;:1"-'- 56 0 '5 o 12 4'5 11 !q 6 2 lo '5 2 q o q o 1 7 o o 1 In ll 11 ! ? I? ~ 1 

132 p6 28 014 20 1 - 05 31 13 0100 18 071 411 4'1 
134 p7 oo o14 oo 1 - P5 31 16 0255 19 o41 42 34 
141 ~7 47 014 0511 - . b6 01 10 1200 12 01121 ~7 
142 p8 05 013 40 1 - b6 01 13 1550 15 04 1 4 2 44 

~-----r-1-5: tlo !52 012 137 1 - b6 o~ 14 0'560 lqq ln1 i1 l?b u1 

1_5_2 170 152 014 25 1 - b6 0~ 17 0900 11'5 InA l1 1~11 ?Q 

iS 6 p 8 4 6 0 15 2'5 1 - b 6 0 4 1 ~ 14 9 o 115 11 n I' I R I? ll ~ 
221 p7 35 014 134 1 - b6 18 11 0980 12 07 117 2 4'5 

' 225 P7 30 015 51 1 - P6 19 13 0965 05 10 2 8' 3 46 
226 p8 30 1017 100 1 - Po 119 15 1112 OLJ 11 1 7 3 41 
227 p8 10 017 001 - 06 19 17 1340 03 12 283 30 
2 2 8 ) 7 1'1 6 0 1 7 kl 0 1 - 0 6 19 19 110 0 0 4 15 2 8 ~ 21 
2 3 5 ) 7 14 7 015 0 0 1 - 0 6 2 0 13 1018 0 4 10 2 8 3 4 6 
2~6 ;R 1nR 1111 ~ on 1 _ b6 20 16 .1180 04 07 ·2 8 2 40 

246 p7 37 016 30 1 - 06 21 11 o88o loB 11 1171~ .!l6_ 
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TABLE 1 cont. 

Ship Station Lat. Long. ~I Date 

No. 0 I 0 ' E w Yr. IMo. 

H a 63 18 007 }_3_ 0 Qf)7 0~ 

- b 62 30 005 48 0 - 03 
H c lb2 2Q 006 p6 0 - 03 

s 161 63 06 005 09 0 968 04 

- 172 163 17 007 ~3 0 - 04 

- 201 65 49 010 ~7 d - 04 

H 40::S IOj LJ( UU( f.Jf IU ~0~ U:> 

- 418 64 24 008 pg 0 - 05 
- 429 65 20 010 ~4 0 - 05 
- 4"10 lf1~ ~Q 011 hR In 0~ 

- 443 66 59 011 B9 o - 05 
, .. 

450 67 42 011 p6 .o 05 - -
- 145 7 1 btl jl.j 0114 po 0 - 05 

470 btl 0~ 014 88 0 - 05 -
) 

s d 64 2":< 009 B3 0 971 04 

- 24Q 62 31:; 004 .9 0 - 04 
- 258 64 42 000 ~2 1 - 04 
- 2b0 b2 lL 00~ r31 10 - ULJ 

- 2R7 h? lJC noR ho 11 0'1 -
~ 41'5 170 31= 020 ~B 0 973 U? 

4?~ 71! ,.~ Ol.Q .0 0 - 05 
lpQ 76 37 015 ;>2 0 - 05 
4<~ 77 ~(1 011 :>4 0 - 05 
Jt~O 7~ '12 02'1 ~0 0 - 05 
462 176 30 031 .3 0 - 06 
484 7'1 iO Oi6 )Q 0 - 06 
497 75' 00 048 )2 0 - 06 

EXPLANATION 

Column ship: H = "Johan Hjort", 

S = "G.O. Sars". 

Column solar altitude: units in degrees. 

Q} 

E 
·;:; 

Day. .; 
v> 

h 1 1~ 
~4 13 
~5 10 

tl-9 12 
~0 11 
~3 12 

f.Jj IU~ 

b4 13 
P5 10 
h~ 11 < 
Q_o 11 
P7 14 
pe 13 
P9 10 

~1 12 
l27 12 
~B 13 
~~ l.lj 

h'1 11 C) 

~5 lb 
~6 14 
27 12 
28 01 
!30 16 
~1 09 
~4 12 
)6 00 

Depth '- r.: . 
Wind .,~ '":J 

~ ::J cU t...:! to :u 0 
Q} '"'""' 

bottom D' Sp. ~0 
V) ,....,'-' 

lr. kn. 0,-t 
. t/i ct: 

11 I? ?? 
0032 ~1 15 8 I 2~ 
0044 2 28 1 20 

0350 11 b5 12 1 ~7 

0215 23 b5 58 2 38 
0310 0'5 b5 1 4 2 2'5 

IU.L"(:> uo ~tl 10 10 - 37 
0260 12 tts 1 2 ~ ~Q 

0300 17 P7 1 4 12 40 
1'01 hh 1,:; h~ 11 I? ::: 37 
0300 02 p8 Oilj 1 40. 
0180 32 P3 2 8. 2 . 32 
0235 99 P1 13 c. 35 
0310 · Oi.t ~6 218 3 37 

0220 8 7 3 37 
0190 36 tl9 1 4 4 40 
2790 35 n.5 1 E14 37 
01423 05 P3 1 £ 2 40 

ln51l9. 2~ ho 11 i1 I~ ~7 

0255 34 PO 2 83 24 
0062 31 !L6 2 8 l"'l - 30 
0041 i 11 P7 1 6 1 34 
0318 34 2 2 82 11 
0450 32 D7 2 82 20 
0317 32 D5 1 31 35 
0164 18 0 2 8 2 34 
0251:i 25 .0 4 82 13 

Other columns in units acco~ding to ICES rtydro Master Card. 



Station Year 

251 1954 T 
s 
B 

269 - T 
s 
N 

285 - T 
s 
N 

293 - T 
~ 

N 
jc!.l - T 

s 
N 

33 Lt i - T 
:::; 

N 
166 - 1955 T 

t) 

N ' 

178 I - T 

s 
.N 

190 - T 

s 
N 

204 - T 
s 
N 

213 - T 
s 
N -

652 - T 

I s 
N .. 

_J 65 7 - T 

s 
N 

663 m - ... 
s 
N 

150 1958 T --
s 
B 

166 - - T 

s 
B 

- H5 -
TABLE 2 

0 m 5 m 
b~; 1 h 
35.02 
~00,0 35 . 1 
00 . 23 
33 . 91 
oo .o 20,8 
05.61 
j~ . llf 

oo.o 44.3 
06 , 82 
j~ , .lc! 

.uu , 0 3~ 

06,26 
35.16 
00 , 0 31.2 

-0,14 -
jq,~~ 

oo.o 40,3 
06 , 25 
.:S?_ 0 u Ll 

oo .o 49 
06o58 
35 .11 
00 , 0 62 
Ob , tlb ' 

35 o1 4 
100 49 
04 . 71 
33 . 81 
100 . 49 
0 , 445 

100 31. 3 
Ob,3~ 

3Lt . tl 1 
100 48 
07 . 03 
34 . 75 
100 40 
07.50 
34.55 
.l UU j.l,j 

07.05 
34 . 63 
100 - 52 
Ob.30 
35 o1 5 
100 - 54 -

10 m 20 m 30 m 40 m 50 m 
nc; m:~ b4 ~7 "'I? 01 

35 . 01 35 .-03 ~5 02 
15 . 0 3 . 51 1 . 65 - 0 75_) 

- 0 . 38 0,20 -0.86 
33.~9 3Lt , 15 34 . 45 

5 . 33 1 . 59 
P5. 62 05.59 05 . 61 05 . 61 
~~.llf j~.13 35 . 13 35 . 13 
27,0 12 . 7 7.1 4 3 . 60 1 . 73 
06.73 06 . 70 06 , 68 05 . 82 
35 . 11 35.10 35 . 12 35 . 13 
13,b ~ • .l 
06,15 05.99 05 . 98 05 . 92 
35.16 35 . 17 35 .15 35 . 15 
8,44 1 , 69 

0 , 21 - 0·, 43 -1. 63 
j!f,~~ j~.~b j~ . ~~ j!f , bj 

23.2 14, 1 9.50 5 . 25 - 2 , 68 
06,2 06.2 
jq,':J( j4 , ':J':J 
26,2 10,1 5.5 2 o95 -1 , 66 

38 18 8 . 9 2 . 33 
Obo73 06 , 75 
35.11 35.11 
27 11 1o53 
04 . 75 
33.86 
16 . 6 0 ,1 6) 

8 , 26 0 , 31 ) 
Jb , 20 J t)o l9 uq , gu 03 . 95 
3Lt . ~O 3Lt , tl1 3Lt .tl9 3Lt . 93 
25. 5 8 , 9 4 , 8 2 . 7 1o 5_ 
06 0 77 06 . 76 04 , 74 0 3. 88 
34 . Ib jlf o(O jq , lj2 3Lt . tl9 
20 . 8 6. 8 2 . 6 ( 0 . 9 7 

.lU ,~j 4, ( 

06 . 65 06.61 06.71 - 06.62 
34 . 66 34 . 69 34 . 88 34.94 
20 . 7 1. 5 
Ob , 2b Ob o25 Ob , 25 u5 . ·r q 

35 o15 35. 15 35 o15 - _15 . 15 
39 . 5 9 . 2 1 . 44 



TABLE 2. cont. 

Station ! Year 0 m 5 m 10 m 20 m 30 m 40 m 50 m 
178 1958 T 05.70 05.12 05.68 0'1 6'1 los · 6s 

s 35.15 35.13 35.13 35.13 35.15 
· B 100 44.5 33 20.3 6.7 

187 - T 05.4 05.4 05.4 05 ·. 4 05.3 
s 35.1£ 

l B 100 . 41.0 17.1 2,26 
207 ~ - T 00.2 00.2 00,3 00 . 3 00.2 

s 3 4. 9C 
B 100 34.2 11,4 1,14 

221 - T 0.6 0.4 0 , 4 0 . 3 0.3 
s 34. 9C 
B D,.oo 62 42 9.1 4 . 35 2.08 (0.99) 

232 I - T 02,45 02.29 ruz ,J.l) ro-2 .n ~l •. :SL~ 

s 34.99 34 . 98 34.98 34.98 134.98 
B 100 56.3 39.2 19.-6 .11. 3 4,62 2.17 

244 I - T 05.40 05.30 05,21 o5.ro Kl5 .11 
s 35.15 135 .14 135 ,14 35.14 135 .14 
B 100 53.2 31.9 1o.o -If.22 p. 951 

2?b . - T 06.75 06.71 06,62 06.54 06,44 
s .':l'1 17 l':l'1 .1 7 1~'1 1 7 ':l'1 17 315 17 
B 100 44.5 29.6 11,4 5.13 3 . 2 2.03 

298 - T 05.9 05,8 05.8 05,8 05.7 
s 35.10 . 
B 100 53.6 39.9 18.2 7.41 2 . 85 

32 ':l - T 03.15 03.18 03.13 O':l . 12 03.10 
s 35.05 35.09 35.06 35.06 35.06 
B 100 70.7 39.9 10.3 3 . 99 (1.5tl : 

jjO T 00,42 00.36 00,35 00,32 t-0,09 
1----

34.65 34.65 34 .o5 3Li ,o7 13 4. 78 s 
B 100 23.9 7.41 f( 0 .Lf31 

ilt6 - T 101 2':l 01 . 29 01,04 01.03 b0.94 
s 34.63 34.69 34.72 34.72 ~4.81 
B 100 36.5 1~.3 2,2tl 

368 - T 03.90 03.84 03 . 22 02.93 ~)1.23 

I s 35.11 35.07 35.02 3?·.-(J!r 13~.9b 
I 

49.6 28,5 7,07 1.14 · a 100 
117 1962 T 04.00 03.71 02.90 02,21 p2,00 

s 1~4 R? I ~ lt 7Q 1~4 R1 ~4 .80 l':l4 82 
B+V 100 90.2 65.7 30.7 7.54 111 . 02) 

132 - --rr· o3.o1 03 .lf3 03.33 P2.99 P1.51 
s 1~4 71 134 71 134 71 R4 . 69 R4 79 

B+V 100 74.2 50.7 26 . 2 15.4 8 .15 (4 . 4) 
134 - T 04.03 03.92 03 ,1}0 p-3.7~ P3. 10 , 

s 1~4 .86 li4 88 li4 RFl R4 .86 ·. R4 87 
B+V 100,0 71.3 53.0 26 , 4 11.6 4. 96 (2.13) 

141 - T 02,12 01.55 01 ~ 37 ~n. 34 00.95 

s l':l4 .83 ,34 83 134 82 R4 . 81 34.82 
B+V 100 26.1 1 . 45 (0,007 . 



- c..u -· 

TABLE ~ cont. 

Station Year · 0 m 5 m 10 m 20 m 30 m 40 m 50 m 
1~2 1962 'r 02.43 D1.2~ :n.12 01~06 0.93 

s 3 1Ltl3 ~q,tlq 34.~2 34.~2 34 .1:n 
B+V . 100 0 29 6 5 ~5_ 0 618 

151 - T 01.~0 D0.35 po.22 00.18 -0.03 
· s 3q,tl7 ,q,tlb ~q.btl 34.~5 34.~5 

I 

1~ 5 2 17 0 01) B+V 100 0 
152 - T 00.82 )0. 56 00.11 00.13 00.03 

s 3q,tl3 3q,tlz 3L1.tll 3q . ~2 34. tn 
B+V 100.0 27.8 4.58 0.141 

156 - T 01.19 01.06 00.98 00 . 93 00.78 
s jq,tl' 3q.~3 3L1.~2 31.1.~2 3L1.~3 

I B+v 100,0 21.6 J .32 (0.09 
221 - T 02.40 02.28 02.12 02.08 01 . 97 

:::5 jL1.~3 3L1.~3 jL1.~3 3L1 . ~3 jl.J.~j 

B+V 100,0 74.5 28.1 3.32 
225 - T 02.13 02.07 01.44 01.45 01.40 

~ jl.J,t!Lf . jl.J,Ol.J jl.J.~U jl.J,Ol.J jl.J,Oj 

B+V 100.0 18.2 3.32 0.095 
226 - T 02.2 02.2 02.7 02.b 02.5 

s 3 4 .. 8_3_ 
B+V 100,0 15.7 3.13 (0.8) 

227 - T 01.7 01.7 01.7 01.7 01.7 
~ ji.J,(j 

B+V 100.0 35.0 10.8 (0.71 
??8 - T _02. ') 0/ ') 0? ') 0/ ') Q2 1 

s 34.89 
B+V 100.0 52.4 33.6 15.0 (3 . 6) 

/ ~') - 'T' 0/ 90 02 7S 02 61 02 26 01 qo 
s 34.86 34.83 3~.82 34.81 34.85 

B+V 100.0 74.9 39.2 8.93 0.893 
2i6 - T 02 0 ' 02 0 01 q 01 8 01 r:; 

s 34.88 
B+V 100.0 34.8 9 . 28 0.185 

246 - T 03.52 03.40 03,qq 02,tl7 02.65 

I s 14 86 14.87 14 qo 1~ 89 14 89 
B+V 100.0 85.8 4 7. 3 23.7 17.2 9.67 6.03 

a 1967 T 
s 

B+G 100.0 47.3 35.6 14 .5 6 ·.~ 3.20 1.~5 
b - ·::-T 

s 
B+G 100 . 0 51.5 28 . 1 10 4 1 78 ( 1 'i 1) 

c - T 
s I 

B+G 100.0 33.8 18.4 7 .11 1.48 0.405 ). 0973 
161 1968 T 06.10 05.93 06.83 07 . 01 07 .1]_ 

s 34.16 34.54 34 . 93 35.06 35.16 
B+G 100 .o 28.6 8.43 0.7~3 0.176 p.0~29 0,0405 



- ~l. -

TABLE 2 cont • 

I 
Station ( Year 0 m - 5 m 10 m 20 m 30 m 40 m 50 m 
172 1968 T 06.48 06.1-9 06.34 06.03 b6.48 

s 3Li.39 13 ij. 39 3Lt.b0 34.59 ~4.78 
B+G ,LUO,U jj.b ll.Lt ~.Ltu IU. 5tl0 p.116 

201 - T Pb.t:W lOb. Ob Ob .1 7 Ob.32 
·s l34.45 34.42 ll4_._5_8 :~4 70 

B+G ~oo.o 52.4 28.6 7.26 2.9lt 1 . 35 0.618 
403 1969 T p6.tl2 06.77 06.75 

s ~Li.39 3Li.3tl 3Li.3tl 
B+G rtOO.O 53.tl 2tl.5 7.tl5 2.23 1.09 P.569 

418 - T b7 22 k)7 19 07 .1 6 b7 18 b7 .22 
s ~lt.88 ~4. 88 34.88 ~4.99 135 .19 . 

I B+G rtOO.O 4tl.9 25.3 6.12 1.~1 ~ . 7b7 p .-!fOil 
429 - T ~6.10 ~5.90 05~83 P5.84 P5 . 96 

s ~3.81 33.78 33.78 B3.98 134.37 
B+G p.oo.o 52.9 22.5 3.37 1.24 D.443 P.192 

4 30 1 - T P6.o8 ~5.54 05.43 P5.69 
i s R~ .8~ ~~~ 81 ~~~ 82 R~ q~ 

B+G 11.00.0 56.7 133.0 10.lt 3.58 1.17 b.467 
443 i - T P6.tl2 ~6. 5.3 06.50 P6.2t5 

s ~4.10 3Li.10 3Li . 31 B4.39 
B+G ~oo.o 53.6 32.1 11.4 5.14 2.29 1.21 

450 - T ~6.58 ~5.88 05.35 D5~31 P5.44 
I s ~-4. 04 ~4. 31 34.37 S4.4o 134.52 

B+G p.oo.o 61.6 38.1 13.8 4.67 D.684 P.o835 
457 -

~5.01 ~4.51 04.39 ~q .~t1 pLJ.TfS - T 
s 133.77 33.82 33.83 83.91 134.11 

B+G :J.oo.o 28.2 8.0 06.40 .0529 00592 ~00066 
LJ70 - '1' · P3. 7B 03.57 03.54 )3. 04 P5.64 

s ~j.~b j3.ll jj. ·r 1 ~4.40 

B+G ~oo.o 55.8 33.2 12.5 5.06 1.96 b. 786 
d 1971 T 

s 
B+G ~oo.o 23 .2· 6.84 0 . 651 0.0742 

249 - T b5.29 05.29 05 . 29 P5.29 05 . 29 05.68 06.47 
s ~3.24 ~3.23 B3 . 24 ~3.24 33 . 24 33.86 34.36 

Jj't'lj 
. tLoo.o 53.2 28 . 4 5.25 l. 41 0.565 0.260 .. 258 06 . 20 06.20 06.13 06 . 03 05.87 - T 
s 35.21 35.21 35 . 21 35.19 35.23 

I B+G oo.o 66.8 45.2 20.4 9.2 8 5.06 3.18 
260 - T b7 72 b 7 '{_6_ b7 27 07 47 07 RR nR F.7 

s 34.69 34_.69 34.78 35 . 08 35 . 14 35. 33 
B+G 100.0 67.4 46.0 18.3 8 . 25 4.06 2. 26 

287 - T 08 ,110 08.26 08.17 08.12 08.06 
.. s 35.30 35.27 35.29 35.27 ~.') 30 

B+G ·1oo.o 73.5 53.0 2 9.0 15.9 9 . 32 5.29 
415 tl973 T 05.97 05.95 05.95 05.97 ' 05.97 

s 3 4 ._5_8 34. 4_7 34 . 45 34.45 34. 46' 
B+G 100.0 67.1 44.7 20.0 . 8. 94 4. 71 2.23 



TABLE 2 . cont. 

Station ! Year 0 m 5 m 10 m 20 m 30 m 40 m 50 m 
42~ 197~ T 00.80 bo. 7&5 b0.7':> hn 7F. 11 n 7r;, 

s 34.75 l34.74 R4 . 75 R4.7'5 B4.75 
l:l+f'! . 00.0 10 .7 2 14 b Ot:l7 

LJ3U - T no ~1 no ~1 hn f)r;, hn al.i 
s 34.46 R4.47 114.64 R4.70 

B+G oo.o 26.3 10.7 1.84 0.389 b . 0973 
4 1'1 ' - T on r;,a h, nt: ~)1.11 03.05 04 . 04 

s 34.IJ4 67l.53 B4.55 34.90 35.07 
B+G 00.0 1:;! ' ~ 2 lQ h OR4? ·'n oona 

450 - T 04.29 p4.25 p4.09 03.97 03.96 
s 35.12 S5. r1 tj5 .TI j?,TI 35.11 

B+G oo.o 46.5 25.8 9.75 '1.82 1. 78 0.819 
462 - T 02.20 D2.08 p2,15 02.57 02.53 

s 3LL 9tl 3 4·. 96 IJzr .~9- -35 ;u-o 35. Ob 
· B+G 00.0 55.1 ~1.4 10.5 4 . ~1 2,10 i .02 ~ 

484 - T 00 . 90 00.76 p0.70 00.71 OO.o4 
s 3~.03 35.07 ~.-uz -35 .1r2 35.02 

B+G oo.o 23.0 7 . 13 0.890 b.OQ'JQ 
497 ! T 00.31 00.19 00.18 00,20 00.20 

3 34.91 3lt.tl9 34.90 34.tl9 3lt.tlS 
B+li I.LUU. u 6.80 O.lt~l ~0.010'5 

EXPLANATION 

0 0 Column three: T = temperature in C, S = salinity in /oo, 
N = photocurrent with filter N3, B = photocurrent with filter Bl2, 

' . 

B+V = photocurrent with filte~ Bl2+V9, B+G = photocurrent with 
filter Bl2+G5, all photocurrents in percent of the surface value. 

Jt.Tumbers in parenthesis are extrapolated. 



- "0 

Station h 
::I 

Year 0 u - --251 1954 41 08 
269 - 38 07 
285 - 41 08 
293 - 42 06 
321 - 41 07 
334 - 37 

1---· 

··-·--·i-66 1955 25 00 
- --T78 - 2lt 04 

190 - 27 08 
~---- 28 06 204 -f------ - -- ·-

. 213 
1--

31 
-- 652 J.§ 06 
. ------·----- -1---='-

657 35 08 
1- 663 37 04 

---·----
150 1958 05 04 

... ---·-- --- --~ r-

06 166 - 39 

F-lg~ 
f-· - 40 06 

- 40 
- 38 06 
- 39 07 

:---
232 - 39 04 

f--· 
244 - 40 03 f-------
256 42 - 03 
i98 - 41 06 
323 - 38 03 --
336 - 38 06 

- · 346 - 38 00 
- - 68 
- - 3 - 37 08 

---
117 1962 31 2 

,__132 - 45 4 
- - 134 - 34 4 
---141 - 37 2 

142 - 44 4 ·----- 41 151 - 2 
~--1'52 , - 29 3 .. ____ _____ 

f---
8 156 - I t 3 

-·-- - - ·--·---1--· 45 7 221 
1--------

46 8 225 -------·-· 226 - 41 7 ---- - · 
227 

'---- - 30 8 
228 - 21 8 

f---235 - 46 8 
f--- 236- !40 8 -
- 21fo - 146 7 

-

- 23 -
TABLE 3 

1% Tr K 

47 7.2 .132 
21 1.25 .219 
78 22.3 .075 
23 2.2 .421 
22 1.38 .214 
90 25.5 .06~ 

88 19 .083 
52 28.2 .063 
3.4. 20.1 .080 
15 0.01 .461 
15 0,04 .391 
'8.5 17.2 .088 
48 14,4 .097 
26 9.8 .116 

25 3.4 .169 
35 15.5 .093 
41 29 .06Z 
27 5.0 ~150 
21 2. 63 .1~2 

60 15.4 .094 
75 28.1 .063 
45 17.4 .087 
82 18.3 .085 
59 26.8 .066 
5J 17.1 .088 
20 0.95 .233 
29 5.05 .149 
35 12.8 .103 

39 ·29.5 .061 
69 25.2 .069 
56 25.4 .069 
10 .0033 .516 
15 0.44 .271 
11 . 0049 .496 
14 . .089 .351 
.13 .054 .376 
23 2. 72 .1~0 

.13 . .057 .3 73 
16 0.56 .259 
18 ' 0.49 .266 
37 14.3 .097 
2'9. ~.3 .124 -15 .115 .338 

' 64 22.6 .074 

K T s f 35 
0.98 .129 05.05 35.01 
1.00 .219 -0.38 33.89 
0.98 .073 05.62 35.14 
1.00 .421 06o73 35.11 
1.00 .214 06.15 35.16 
1.01 ,069 - 0.17 34·. 45 

0.98 .081 06.20 34.97 
0.97 ,061 
0.98 .079 06. 73 35.11 
1.00 .460 04.75 33.86 
1,00 .391 
1.00 .088 06.20 34.80 
0.98 .095 06.77 34 .~6 
1.00 .116 

0.98 .167 06.65 34.66 
1.00 .094 06.26 35.15 
1.01 .062 05. 72 35 ,1_3_ 
1.01 .151 05.40 
1.00 .1~2 00.20 
1.00 .094 00.40 
1.01 .064 02.29 34.98 
1.01 .088 05.30 35.14 
1.01 .086 06.71 35.17 
1.01 .067 05.80 
1.00 ,089 03.18 35.09 
1.00 .233 00.36 34.65 
1,00 .150 01.29 34.69 
1.00 .103 03.84 35.07 

0.99 .060 03.71 34.79 
1.02 .071 03.43 34.71 
0.99 .068 03.92 3-4.88 
1.00 .516 01.55 34.83 
1.00 .272 01.25 34.84 
1.00 .496 00.35 34.86 
1.00 .351 00.56 34.82 
1.00 .375 01.06 34.83 
1.00 .181 02.2~ 34.83 
1.00 .372 02.07 34.84 
1.00 .259 02.20 
0.99 .264 01. 70 
0.98 .095 02.50 
0.9~ .122 02 . 75 34.83 
1.00 .337 02.00 
1.02 .076 03.40 34.87 



.. , 

TABLE 3 cont . 

"'0 K T s h . "' 1% Tr K f Station Year 0 35 u 
a 1967 22 2 55 15 . 2 .094 0 97 OQ2 
b - 23 8 43 10.5 .113 0.98 . 111 
c - 20 8 23 7.6 .129 0 . 98 .127 

161 1968 37 2 19 0. 73 . 246 1.00 . • 246 05.93 34.54 
172 - 38 8 26 2. 52 .184 0.99 .182 06.19 34.60 
201 - 25 4 44 . 7. 8 . 128 0.98 .126 06 . 06 34.42 

403 1969 37 0 42 8.4 .124 1.00 . 124 06.75 34.38 
41tl - 39 2 36 6.b .136 1.00 .137 07 .19 3 Lf • tf8 
429 - 40 4 32 3.75 .164 1.00 .165 05 . 90 33 . 78 
430 - 37 3 Lf 2. 10 . 9 .111 1.00 .111 05 . 54 33 . 81 
443 . - 40 0 53 12 . 0 .106 1.01 .107 06.53 34.10 
450 - 32 8 38 14.5 . 097 0.98 .095 05.88 34 .3.1 
457 - 35 3 18 0 . 63 .253 1.00 . 25~ 04 . 51 33 .. 82 
470 - 37 8 -~a 13.1 . 102 0.98 .100 03 . 57 33 . 11 

d 1971 37 7 18 D.64 . 253 1.00 .252 
249 - 40 4 34 5 . 7 . 143 1.00 .144 05 . 29 33.24 

. 258 - 37 6 78 21.1 .078 1.00 .078 06.20 35 . 21 
260 - 40 2 65 19 •. o . 083 1 . 01 . 084 07 . 36 34 . 69 
2tl7 - 37 3 -aT jU.lY .060 1.00 .060 0 I:S. LfO 35 .JO 

41 &:j 1Q_7~ .24 8 62 20 . 7 .079 0.98 • 077 05.95 ~4 . 47 
423 - JO 8 12 .053 . 377 1.00 • 376 00.75 34 . 74 
430 - 34 6 24 1 . 9 . 198 1.00 .198 00.31 34.47 
435 - 11 8 13 . 079 .357 1 . 00 .356 01 . 05 3 4. 53. 
450 - 20 8 lffi 10.3 .114 0 . 98 .112 04.25 35.11 
462 - 35 3 51 11.0 . 110 1 . 00 . 110 02.08 34.96 
484 - 34 8 '20 . 0.89 .236 0.99 .234 00 . 76 35.02 
497 - 13 8 9 0094 .464 1.00 . . 463 00 .19 34 . 89 

·EXPLANATI ON 

Column h: solar a ltitude i n degr ees . 

Column 1%: the dep th in met ers of 1% irr ad iance t ransmittance 
at 4 65 mn. 

Column Tr: the lrradiance transmittance at 465 nm and 20 m 
depth i .n % 

- 1 Column K: vertical att enuation coefficient a t 46 5 nm i n m 

f and _K35 are expla i ned in the tex t. 
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Station l Year 

a 11967 E 
% 
Q 
% 

b - E 
% 

I Q [ 

% 
c I - E 

% 
I Q 
I % 
I 

161 ~968 E 
% 

I Q._ 

% 
172 . - E 

l % 
Q 
(J/ 

/0 

201 - E 
I % 
I 

I Q 
% 

418 ~969 E 
% 
Q 
% 

429 - E 

i % 
Q 

I _j_ 
4'10 l - E 

I % 
f Q 

% 
457 E 

% 
Q 
% 

470 - E 
% 
Q 

% 

0 m 
168 
100 
450 
100 

23 
100 

65 
100 
3~ 

100 
109 
100 

147 
100 
400 
100' 

38 
100 
105 
100 
280 
100 
780 
100 

340 
100 
930 
100 
137 
100 
360 
100 
104 
100 
280 
100 
270 
100 
730 
100 

70 
100 
186 
100 
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TABLE 4 

5 m 10 m 
83 44 . 
49 26 

220 110 
49 25 

7.1 3.0 
31 12.7 

18.9 7. 6 . 
29 11.7 

6.1 2.3 
16.2 6.2 
1b.ts b . 3 
15.5 5.8 

32 9.5 
22 6.4 
84 24 
21 6.1 

9.7 3.3 
26 8.7 
25 8.4 
24 8.0 
90 39 
32 13.8 

230 97 
30 12.5 

125 54 
37 . 16.0 

330 136 
35 14.6 
65 24 
47 17.7 

169 t>j 

47 17 i 

44 21 
42 19 . 8 

'114 51 
40 18.2 
65 17 2 
24 6.4 

171 45 
24 6.2 
27 12.8 
38 18.3 
68 32 
36 ' 17.4 

20 m 30 m 40 m 50 m 
13 . 0 4 ~ 2 0 0 qg 

7.7 2.5 1.19 . 0.58 
33 10.5 4.9 2.4 
7.3 2 . 4 1.11 0 . 54 

0.86 0.11 
3.7 1 ._3_ 2 
2.2 0.77 
3.3 1.18 

0.58 0.20 .060 
1.53 0.54 .158 
L?2 0.53 .154 
1 40 0 49 142 

1.42 0.43 b.181 08S 
0 . 97 OJ. 2_9_ b 121 0'18 
3.7 1.11 0 47 . 22 

0.92 0.28 0.117 .055 
0.69 .197 .046 . 0144 
1.84 0.52 .121 .038 
1.79 0. 51 . . 117 .037 
1. 7~ 0.48 .111 .035 

9.0 1 4 1 50 0 7/ 
3. 2 ·. 1.23 0.54 0.26 
23 8.6 3._. 7 1.79 
2.9 1.11 0.48 0.23 

12.2 ~. 5 . 1 62 7S 
3.6 1.05 .48 . 22 
31 8.9 4.1 1.88 
3.3 .95 .44 .20 
4.5 1.52 .57 .24 
3 ~ 3 1 . 11 .42 .1 76 

.L.L.b 3.9 l.LJb . • 62 

1 2 1 07 40 1 71 

6 6 2 ' 1 S7 OR? 
6.4 2.2 .55 .084 

16 . 5 . 5. 8 1.45 . 22 
5 . 9 2.1 .52 • 0 79 
2 2 0 15 071 0148 

0 . 81 . 130 .026 0056 
5.7 0.93 .189 .040 

0.78 . 128 .026 0055 
4.4 1.80 .79 .34 
6.3 2.6 1.12 .48 

11.0 4.5 1.99 • 85 
5.9 2.4 1 . 07 .46 
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TABLE li cont. 

Station i Year 0 m 5 m 10 m 20 m 30 m 40 m 50 m 
d I 1971 E 67 14.8 4 •. 4 . 59 . 102 

% 100 22 6 . 5 .88 .152 
Q 178 39 11.3 1 . 51 . 26 
% 100 22. 6 . 3 .85 . 147 

249 - E 198 73 35 6. 4 1 ._:90 _J_I3 . 28 
% 100 37 17 . 5 3 . 3 . 96 • 3 7 . 143 
Q 530 196 90 16.4 4 . 9 1.86 . 71 
% 100 37 17.0 3 . 1 .92 . 35 . 135 

258 - E 210 113 67 27 11.5 5.3 2 . 8 
% 100 53 11 12 6 5 4 2.') 1 . -~2 
Q 560 280 164 66 28 12 . 9 6 9 
% 100 50 29 11 . 8 5 . 0 2 . 3 1.23 

260 - E 193 91 61 20 8 . 6 4 . 0 2.1 
% 100 47 11 10.4 4 . 4 2 . 1 1 . 07 
Q 510 220 151 50 21 10.0 5.1 
% 100 43 30 9 . 7 4 . 2 1 . 96 .99 

287 - E 195 104 67 32 16 . 8 9 . 4 5.4 
% 100 53 34 16 . 6 'd . 7 4.t; 2. tj . 

. Q 520 250 161 76 . 40 /2 1 ~ 0 
% 100 49 31 14 . 8 7 7 4 i 2 ') 

430 1973 E 184 36 14 . 0 2 . 6 0 . 55 
% 100 19.6 7 . 6 1.41 0 . 30 
Q 480 90 35 6.7 1 ~ 42 

% 100 18 . 7 7._3 1 .39 0 . 30 

EXPLANATI ON 

Column thr ee: E = integr~t e d irrad i ance (350 - 750 nm) in W m- 2 

. . 18 - 1 - 2 Q = i nt egrate d quan t a i rradlance in 10 quan t a s m • 
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TABLE 5 

-2 -, - d \ Irradiance ~<' ( ~) 1!1 mW "i n~ ·- at diffe,..ent wave1engthe ana eot 1s ~ 

' 
.. .. -- . ·-

Station 457 . · 1959 
A (nm) 0 m 5 m 10 m 20 m 30 m 40 m 50 r:t 

380 3 70 60 10,6 ,196 .0033 .000045 
470 830 250 73 5.6 ,47 • 043 ,0039 
530 1150 390 140 31 6,8 1.51 • 3 7 
620 730 142 16.5 ,42 ,0148 ,00031 

• Station 201 • 1968 
380 390 91 23 1.65 .24 ,045 .0113 
470 860 470 250 71 29 12,4 5.3 
530 970 500 230 69 25 7.5 2.8 
620 780 126 26 .68 .058 

~~tion 430 ... 1973 
380 510 80 21 1.93 .162 
470 600 140 59 10.5 2.3 
530 610 210 95 22 6.4 
620 400 24 ~.2 ,0143 

Station 287J 1971 -
380 280 179 111 ~2 17.3 7.7 3.5 
470 1040 760 560 310 173 104 60 
530 460 360 240 114. 48 29 15.3 
620 450 98 18.1 1.06 .072 ,0054 ,00046 . 

. TABLE 6 

Station Year Watertype station Year Watertype Station Year Watertype 

251 1954 1. 323 1958 II 161 1968 3 269 - 3 336 - 3 172 - 2 
285 - II 346 - 1 201 - III 
293 - 5 368 - III : 
321 - 3 403 1969 III 
334 - II 11.7 1962 II 418 - i 

132 - II 429 - 2 
166 1955 II 134 - II 430 - III 
178 - II 141 - 6 443 - III 
190 - II 142 - 4 450 - III 
204 - 5 151 - 6 457 - 3 213 - 5 152 ... 4 470 - III 
652 - II 156 - 5 
657 - III 221 - 2 d 1971 3 
663 - III 225 - 5 249 - 1 

226 - 3 258 - II 
150 1958 2 . 227 - 3 260 - II 
166 - ·. III 228 - III 287 - II 
178 - II 235 - III 
187 - '1 23'6 - 4 415 1973 II 
207 - ' 2 246 - II 423 - 5 221 - . III . 430 - 2 
232 - II a 1961 II 435 - 4 
244 - II b - Ill 450 - III 
256 - II c - III 462 - III 
298 - II 484 - 3 

497 - 6 
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Fig. l. · Spectral sensitivity distribution of the irradiance 
meter ~ith different filters. The curves are 
norm~lized with 1 at their peak valu~. 
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Radiance distribution at different depths.and the 
lost radiance (scratched areas) wit hln th'e solid 
angle from the irradiance meter to .the boat. The 
left part shows the solid angle seen from above. 
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Fig. 3. 

Lbcation of the 
stations. 

Fig. 4. 

Irradiance E'- at 
465 nm as a func ~ 
tion of the photo
current with filier 
B12+G5, in percent 
of theii surface 

· values 

u--
10_, 

., 

- 29 

• 1954-55 
01958 

X X 
L) ... 
' 

I 
10-3 10-2' 10-1 . 1 

/~ 
( 

"/ I/ 
,/ 

/ 
/ 

/ 
./ 

/ .... 
, . ... 

' 

10 B12+G5 100'/. 

r(.t 
,'II' 

/ 
,.1 

// v ... 
10 

1 o-1 

1 o-2 

1 o-J 

1 o-' 



Fig. 5. Irradiance EA 

at 465 nm a~ a 
funct+on of the 
photocurrent 
with filter 
Bl2+V9, in 
percent or 
their surface 
values. 

Fig. 6. Irradiance Ex 

at 465 nm as a 
function of the 
photo current 
with filter 
Bl2, in percent 
of their 
surface values. 
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Fig. 7. 

Vertical attenuation 
coefficient · at lf65 nm. K, 
as a function of th~ 
p~otocurrent wi~h filter 
N3 in perc~nt of its 
surface value for 
different depths • 

Fig. 8. ' . JERLOVs optical clas~ification of oceanic (I-III). 
and coastal (1-9) water types~ according to their 
vertical attenuation coefficient K

35 
at · 465 .rim 

and sun height 35°. 
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F'ig. 9. The spectrally integrated (350-750 nm) irradiance E 
in percetit of its surface v~lue, a~ ~ function of .· 
depth ~t differ&tit stations~ 

Fig. 10. Integrated (350-750 nm) 
irradiance E in percent 
of its surface value, as 
a function of the verti~al 
attenuation coefficient K 
at 465 nm for different 
depths. 
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DEPTH OF 1% IRRADIANCE TRANSMITTANCE AT 465 nm 

III . ~· 
~ 
~. 

~IB . ' 

• NORWEGIAN AN~ BARENTS SEAS 

0 JERLOV'S OPTICAL OCEAN WATER TYPES 

The dep~h ot 1% integrated quanta irradian~e 
transmittance ·as a function of the . depth of 1% 
irradiance transmitta·nce at · 465 nm. 
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Fig. 12. Spectral irradiance 
distribution !A(A) at 
Station 201, · 
Trren~banken, April, 1968 

Fig. 13. Irradiance transmittance T . at different wave1er1gths 
as a function of depth at Stat~on 201. 
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Fig. 14. Spectral irradiance 
distribution EA(A) at 
Station 287, west of 
the Fae~oe Islands, 
May, . 1971 

Fig. 15, · Irradian.ce transmittance T at different wavelengths 
as a function of depth at Station 287. 
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Fig. 16. Spectral irr~diance 
distribution EA(A) 
at Station 457, west · 
of Lang¢y, Vester
Alcn, May~ 1969 . 

L---~~~~----~----~~--------~--~----~som 

Fig. 17. Irradiance transmittance Tat different wavelengths 
as a function of depth at Station 4·57. 
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Pig. 18. Spectral irradiance 
distribution EA(A) at 

Fig. 19. 

Stati6n 430, west of 
S¢rkapp, West Spitz
bergen, May, 1973. 

Irradiance transmittance T at different wavelength~ 
as a function of depth at Station 430~ 
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Fig:. 20~ Depth of 1% irradiance transmit~ance at 465 nm as 
a function of the salinity at 10 m depth. 
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Fig. 21. The mean vertical attenuation coefficient K35 in the 

layer 0-20 m at 465 nm and sun heigh 35° as a 
fu.nction of salinity at 10 m depth. 
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Fig. 22. Horiiontal distribution Df salinity at 10m depth. 
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Fig. 23. Horizontal distribution of the depth of 1% irradiance 
transmittance at 465 nm. 
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OPTICAL 

WATER TYPES 

FjF· 25. Horizontal. distribution of the op~~cal 6ceari (I ~II~) 
and coastal (1-9) water types, a~ cording to JERLOV' s 
classification. 
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