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By now a large data array, which made it possible to construct maps of the depth distribution of 
Secchi disk visibility in the World Ocean, has been accumulated. However, the updating of this 
database remains urgent, since there is not enough data for constructing reliable maps in some areas 
of the ocean. This is also related to the tropical area of the Atlantic Ocean, in particular. In the present 
article the statistically reliable maps of depth distribution of Secchi disk visibility Zwhite (relative 
transparency) and water color distribution Ncolor in the northern part of the tropical area (0-12 °N) of 
the Atlantic Ocean in summer and winter are constructed based on the multiannual observational data 
obtained in 1984-1990. It is shown that the basic features of the fields Zwhite and Ncolor are explained 
by waters dynamics in the indicated region that results in formation of the upwelling and 
downwelling zones where water transparency decreases and increases, respectively. Here, the large-
scale currents form two following gyres having different direction: the tropical cyclonic gyre, where 
an upwelling takes place (divergence zone) and the tropical anticyclonic one, where a downwelling 
occurs (convergence zone). Also, near the equator, due to a change in the Coriolis force sign, there is 
a divergence of the South Passat Current, accompanied by the upwelling. The areas where 
Zwhite > 41 m were revealed. It is shown that in these areas the anticyclonic vorticity of currents with 
downwelling was observed.  As for the seasonal variability, it was established that In winter water 
transparency is higher and its color is more intensive than in summer; it is explained by the seasonal 
variability of currentsand the related water vertical motions. 
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Introduction. Relative water transparency is the maximum depth of the Sec-
chi disk standard visibility [1] (denoted by Zw). The water color is defined in chro-
macity points applying a special scale (denoted by Ncol) [2]. These hydrooptical 
features are most easily measured, since they do not require special instruments. 

A number of studies indicate that a number of other optical-biological features 
can be defined from the values of Zw and Ncol. Consequently, to study the distribu-
tions of Zw and Ncol in different areas of the World Ocean is a crucial task. 

In the late 30s of the 20th century relative transparency was included in the 
complex of compulsory oceanographic observations. As a result, a large data array 
has been currently accumulated, allowing the construction of Zw distribution maps 
in the World Ocean [3-5]. However, the problem of the database seeding remains 
urgent, as it is still not enough for reliable mapping of individual regions of the 
World Ocean. Thus, in [3], on the distribution map for summer period, Zw isolines 
in the western part of the tropical part of the Atlantic Ocean were drawn by 
a dashed line. It indicates a small amount of observational data and the probable 
position of the isolines shown. 
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What is more, the construction of the trusted Zw distribution maps is important 
not only from the geographical viewpoint, but also in terms of studying the rela-
tionships of Secchi disk visibility the with various hydrooptical characteristics 
in the ocean waters. The research in this field, described in a number of papers [6-
12], has shown the efficiency of definition of many hydrooptical features by Zw. 

The present article involves a large array data on Zw and Ncol in the northern 
part (0-12 °N) of the tropical Atlantic. It gives possibility to construct statistically 
reliable maps of the distribution of these features for summer and winter periods. 

 
Study area. In 1984-1990 the research within the program "Sections" were 

carried out by Marine Hydrophysical Institute. The program was aimed to study the 
spatial structure of hydrophysical fields and large-scale water circulation in the 
tropical energy-active zone of the Atlantic Ocean. 

In the initial period the studies were carried out at the polygons situated in var-
ious parts of the northern part of the tropical Atlantic. Starting from 1986, the 
works were performed at the same transoceanic polygon (1 °S – 12 °N, 14-55 °W) 
along a single grid of stations: the meridional sections were located at the distance 
of 1.5° between each other longitudinally, the stations on sections – at distance of 
0.5° latitudinally. 

At all the stations, the relative water transparency Zw (m) and its color Ncol 
(points) were measured according to a standard color scale [2]. Zw and Ncol distribu-
tion maps were constructed within the transoceanic polygon on the basis of this data. 

 
Methodology of Map Construction. Fig. 1 shows the location of Zw and Ncol 

measurement points in spring-summer (April – September) and autumn-winter 
(October – March) periods. The first period will be called summer, the second –
winter one. In total, 507 measurements were carried out in summer and 365 – 
in winter period. 

 

 
 

Fig. 1. Location of stations where observations of Zw and Ncol were carried out 
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To construct the maps, the area was divided into 2 × 2° squares, where averagely 
5 observations were performed in summer and in winter. In the squares, the mean 
values of Zw and Ncol are calculated, which the corresponding maps have been con-
structed on. 

 
Results and their Discussion. Fig. 2 and 3 show Zw and Ncol distribution maps 

in various seasons of the year. The main features of the distribution of these fea-
tures are accounted for by the dynamics of waters in the Tropical Atlantic [13]. 

 

 
 

Fig. 2. Distribution of Zw in summer and winter. Position of the zones of vergences is shown: cross-
es – zones of tropical and equatorial divergences, triangles – a zone of tropical convergence  

 

 
 

Fig. 3. Distribution of Ncol in summer and winter 
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Here large-scale currents form quasistationary cyclonic and anticyclonic gyres, 
within which, the water rises and sinks, respectively. Two multidirectional large-
scale gyres are formed in the considered areas: Tropical cyclonic, composed of the 
northern part of the Betweenpassat Counter Current and the Northern Passat Cur-
rent; Tropical anticyclonic, the components of which are the southern part of the 
Betweenpassat Counter Current and the South Passat Current. 

There is a specific area near the equator as well, where, due to a change in the 
Coriolis force sign, the South Passage Current divergence accompanied by water 
upwelling occurs. 

In the upwelling zones, biogenic substances are transported from the depths to 
the surface layers, which leads to an increase in the concentration of phytoplankton 
in them and, accordingly, to a decrease in the water transparency. In the down-
welling zones, the reverse picture is observed – due to the low concentration of 
nutrients in the surface layers, the concentration of phytoplankton in them is low, 
which results in high water transparency. 

The water color changes with the variation of Zw in inverse relation – as the Zw 
decreases, the Ncol color point increases. 

Fig. 2 shows (according to [13], Fig. 42) the position of the vergence zones: 
the divergence zone (water upwelling) in the Tropical cyclonic gyre; the conver-
gence zone (water downwelling) in the Tropical anticyclonic gyre; the equatorial 
divergence zone in the South Passat Current. It is seen that in the divergence zones 
Zw is much lower than in the convergence zone. The mean value of Zw in the equa-
torial divergence zone was 22 m, in the divergence zone of in the Tropical cyclonic 
gyre – 28 m and in the convergence zone in the Tropical anticyclonic gyre – 32 m. 

The lower values of Zw < 20 m in the extreme western part of the polygon re-
sult from the removal of turbid waters in the Amazon River, which enter the Guane 
Current (equator area around 49 °W), and along with it are transported in the 
northwestern direction along the South America coasts. 

The values of Zw < 20 m in the northeastern part of the polygon are caused by 
water upwelling as a result of the divergence of the Betweenpassat Counter Current 
occurring in this area, which was divided into two branches extending in the north-
east and east directions [14]. 

Fig. 2 shows that in winter the transparency of the waters in the studied tropi-
cal area is higher. Tab. 1 presents the mean values of Zw and Ncol for the areas 
where observations were carried out in summer and winter. 

T a b l e  1 
 

Mean Values of Zw and Ncol 
 

Район 
< Zw >, m < Ncol >, points 

summer winter summer winter 
14-26 °W, 
  0-12 °N 
 

27 28 3 3 

38-56 °W, 
  0-12 °N 27 32 3 2 
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The increase in the water transparency in winter was observed in both regions, 
but to varying degrees: in the eastern area it was 1 m in comparison with the sum-
mer and 5 m in the western one. This was also manifested in the change in the wa-
ter color: in the eastern area it practically did not change: < Ncol >summer = 3 (blue), 
< Ncol >winter = 3 (blue), in the western area the water turned blue: < Ncol >summer = 
= 3 (blue), < Ncol >winter = 2 (dark blue). 

The water transparency increase in winter can be explained by the seasonal 
variability of water dynamics in the tropical area. 

In winter period, the Northern Passat Current weakens, and the South Passat 
Current gets stronger [13]. As a result, the Tropical cyclonic gyre becomes weak, 
and the Tropical anticyclonic gyre intensifies. Thus, in winter in the cyclonic gyre 
the water upwelling weakens, i.e. as compared with summer, the transparency in it 
increases. In the anticyclonic gyre, the water downwelling intensifies in winter and, 
in comparison with summer, the transparency also increases. 

Presence of the waters with Zw > 35 m in winter in the area of 25 °W is due to 
the seasonal variability of the circulation in the Tropical Atlantic. According to [15], 
in autumn period, the Betweenpassat Counter Current in the eastern part of the pol-
ygon forms a large-scale anticyclonic meander covering the area 2-11 °N; 23-31 °W 
(the meander center is situated near 7 °N; 28 °W). 

Fig. 2 and Tab. 1 show the mean values of Zw. The maximum values of the 
water transparency are shown in Tab. 2. 

 
T a b l e  2 

 
Values of Zw > 40 m Fixed at the Polygon 

 

Zw, m Ncol, 
points 

Coordinates 
Date R/V No. Season 

N W 
44 2 8°00′ 50°54′ 17 Aug 83 30 AV* Summer 
42 2 2°39′ 45°28′ 10 Jul 85 32 AV Summer 
41 2 5°12′ 44°40′ 06 Apr 83 30 AV Summer 
46 2 7°00′ 44°30′ 05 Jul 87 36 AV Summer 
44 2 4°57′ 40°11′ 25 Jul 85 32 AV Summer 
41 3 3°00′ 36°00′ 21 Jul 85 32 AV Summer 
41 3 1°00′ 35°30′ 08 Jun 87 36 AV Summer 
42 2 4°30′ 34°00′ 06 Jun 87 36 AV Summer 
41 3 3°00′ 31°00′ 08 Sept 86 47 ML Summer 
46 2 9°13′ 52°14′ 19 Feb 83 30 AV Winter 
45 2 5°00′ 47°30′ 01.Oct 86 34 AV Winter 
42 2 4°30′ 47°30′ 01 Oct 86 34 AV Winter 
45 – 9°01′ 24°26′ 28 Feb 70 24 ML Winter 

 

*N o t e. AV – R/V Akademik Vernadsky, ML – R/V Mikhail Lomonosov  
 
The values of Zw equal to 41-42 m in the area of 3-4°30′ N; 31-36 °W, fall on 

the convergence zone (Fig. 2). 
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In summer in the western part of the polygon near 2°39′ – 7 °N; 40°11′ – 
45°28′ W the value of Zw equal to 41-46 m were monitored, According to 
[15], in spring there is an anticyclonic movement of waters in the area of 3-8 °N; 
37-45 °W. 

In winter the value of Zw equal to 45 m was observed near 9°01′ N; 24°26′ W, 
where in the autumn season, the Betweenpassat Counter Current forms a large-
scale anticyclonic meander [15]. 

A comparison of Zw distribution in the Tropical Atlantic with the data of [3] 
was also carried out. The order of magnitude of Zw distribution in the central areas 
of the considered polygon in summer and winter is the same (25-35 m) according 
to the data of the present work and the data of [3]. 

It is not possible to compare the values by the seasons, since in [3] on the map 
of the tropical Atlantic westward of 20 °W Zw isolines for summer period are dot-
ted, indicating their probable position. 

 
Conclusions 
1. The maps of relative water transparency and color distribution in the north-

ern part of the tropical area (0-12 °N) of the Atlantic Ocean in summer and winter 
are constructed based on the observational data obtained in 1984-1990. 

2. The main features of the transparency field are accounted for by the dynam-
ics of the waters of the studied area. 

3. In winter water transparency is higher and its color is more intensive than in 
summer. This can be explained by the seasonal variability of currents and the relat-
ed water vertical motions. 
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