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Synoptic conditions and field of the vertical component

of drift current speed in the north-eastern

part of the Tropical Atlantic

By
KeJ. Mratov. - *)
Summary
" The atmosphere and the ocean can be considered as. a

single system with processes of interaction. All changes
occurring in the atmosphere must certainly be reflected
in changes of the physical state of the ocean and somehow
in changes of the vertical component of drift speed which
dominates in the formation of the vertical speed field in
the upper layers of the ocean.

We examine the influence of changes of the synoptic
situation upon the changes of the field of the vertical
component of the drift speed on the basis of the material
of two hydrometeorological surveys conducted in the area
to the south of the Arquipelago de Cabo Verde. We come
to the conclusion that the intensity of vertical movements
in summer is connected with the existence of a tropical
depression region and with the local cyclonic vortexes on
its axis.

With the filling up of the region of reduced pressure
. on the axis of the tropical depression a weakening of the
‘ cyclonic vortexes in the atmosphere occurs which leads to a
remarkable decrease of vertical movements.

The connection of tuna distribution with the character of
vertical movements was examined. It was pointed out that tuna
catches decreased with the weakening of vertical circulation.

Introduction

Since the atmosphere and the ocean can be considered as a single
system with processes of interaction all the changes occurring in the
atmosphere must certainly bhe reflected in changes of the physical state
of the ocean.

Particularly, we are interested in the question of variations in
the vertical component of the speed of the drift current as a function
of the synoptic conditions,

We tried to conduct such an investigation for the area of the
Tropical Atlantic situated south of the Arquipelago de Capo Verdeo
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The analysis of hydrological data available in AtlantNIRO made it
possible to find out that the most characteristic peculiarity of the part
of the ocean to be investigated is the presence of intensive vertical
water movements whlch are subJect to 51gn1flcant variations in time and
space. .

The different aspects of the influence of upwelling and sinking have
been discussed many tlmes, ‘therefore we'll not dwell upon this question.

‘However, it is necessary to indicate that in some cases these processes
1nfluence the-l1life- development in the sea, -

" The vertical movements are closely ‘connected with dlvergenceandconvergemw
of the surface currents 'because of-the condition of liquid- 1ndlssolub111ty. :

~ The basic reasons for the occurrence of this phenomenon can be dlfferent,
but the dlSSlmllarlty of the wind field is considered the main reason. By
means of . tangential tension this dissimilarity is transferred to the surface
glVlng ‘an-effect of- dlvergence and convergence.

Oneof the authors who take up this subaect for study is K Hldaka who
dlscusses the distribution of areas of divergence of surface currents and o
their seasonal variation in a number of papers (3,4). As was already mention-
ed not only the wind influences the rise of vertlcal movements° There-are a
number of other reasons,

In particular; while approaching the Equator the value of the vertical
component of the Coriolis parameter, and some other factors, increase. However,
there is a seasonal variation of vertncal movements which can be compared only
with great seasonal variations of wind condltlons formlng fields of both wind
and gradlent-convectlon cur rent° Thus, it can be suspected that currents of
the upper layer of the ocean and hence the vertical component of their speed
are the reflection of wind conditions hav1ng a cons1derable 1nfluence down
to depths .of 200-300 meters. :

‘The quantltatlve estimation of the vertical component of drift current
speed contribution to the total vertical speed will be discussed later on.

Initial materials and method of calculation of the vertical component

of drift current speed

The basis of our investigation is the material of two hydrometeorological
surveys made by the AtlantNIRO vessel SRTR-9006 "Olekma'" in summer (August-
September) and autumn (October) 1964 in the ocean area situated southward to
the Archipelago de Cabo Verde. From these data two charts of the surface baric
field which corresponds to the surveys in time and also two charts of the distri-
butlon of- the vertical component of the drift current speed were plotted.

"Since the initial value for the estimation of the drift component of the
vertical speed is the tangential tension of the w1nd we w111 shortly dwell
upon the method of its calculation.

It turned out that it was impossible to estimate the geostrophic wind
from gradients of atmospheric pressure. .

Speed of this wind calculated by the formula:
' 1 Sp
u —— =
g ZwQs:anp &n
appeared to be too high.
Furthermore, the direction of the'pressure gradient does not seem to

be very reliable because of the small values of its components on parallel and
meridian. , :

For these circumstances the ship's investigations were used for estimation
of the tangential tension.




The estimations of the tangential tension of the wind were made by means

of the formula: Ta - CQ'VOZ where

T is the tangential tension of wind
c a dimensionless factor
o) air density

Vo speed of the surface wind

The values of the dlmens1onless factor c depend on the state of the atmos-
phere (1), Since this during the surveys can be characterized as equiponderant
and weekly unstable (t of water - t of air > 0) the values of ¢ is equal
to 0.0035. ’ .

For estimation of the vertlcal component of the drift current the formula
proposed by Chekotillo (2) was used

1 B
‘wh..':‘,,'.' 9,.f(c'_url- Tai" - f _q'\ax)

where Wh is the-vertical-speed-of drift-current
h  depth-of friction (according to Ekman)
8 Rossby~parameter -
f . Coriolis-parameter -~ ---—--"  ----- -
-Tax projection of -the-tangential- tension of wind on the X-axis.

It seems necessary to make a quantltatlve depos1t to the common vertical
component of the c¢current speed which can be con51dered as a sum of drlft and
gradlent -convectional - components, - - - -

"An estimation for the upper layer ‘'of the ocean down to the depth of real
penetration of wind current will be made.

According to (2) the characteristic expressions for the drift currents are:

FT
L . a | 3 -
d = oflL and wd T of !
for the gradient-convectional:
2ap,
W! = FhV . and W = ———
g g g of L ‘
Here L is the characteristioal scale of eddies with intensive

vertical water movements

T, tangentional tension of wind
f Coriolis parameter  -- -
Vg speed of gradient-convectional current- -
e -.. excess of-troubled sea-surface above the zero plane
A p, gradient of atmospheric pressure - - -
h characteristic depth of drift current penetration.
Taking: - - '
- 107 em, k=107 cm, £=102cm, £ =10"0sec”l, F =10"%cn"l,
= 1 gcm-B, P, = 10-5g<';m_‘2 secuz, Ug = 10 cm sec-l, Ta = 1ldyn cm-2
Then: ' Co '
LA 1072 cm sec” wy = 10“"3 cm sec?l .
W= lO“'L’r cm sec™t . L 1077 cmsec™t .
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This means that the drift component of vertical speed penetrates nuch
deeper than-does-the gradient-convectional component,

Returnlng to the method of calculation of the vertical speed we can say
that this operation was carried out by means of usual methods of number
differentiation. . -

Estimated data were connected with the middle points of l-degree squares.
The area of investigation was divided into such squares.

Discussion of the data obtained

‘Let us study the mean chart of the surface baric field (Fig. 1) which
was plotted for the period of August-September 1964. This period of averaging
was chosen because the wind conditions in August-September were almost stable.
The speed and-direction of-wind changed in51gn1ficantlyo

The baric field durlng the said months had the following peculiarities,
The general direction of isobars is characterized by a clearly expressed lati-
tude orientation. The axis. of: tropical depression is situated .in the region
of 10°~15°N. In qur opinion its limits are represented quite well by the
1013 mb isobar. Near the African coast the axis of depression takes the direc-
tion of the coast and in the west (30°W) it follows the meridian. All over
the area the depression edges are-bordered by zones of increased pressure.

‘The 1nterest1ng pecullarlty of the 1nvest1gated baric field is the presence
of local ‘regions of reduced pressure that have diameters of several hundred
knlometers° The question can be raised whether these regions exist or their
appearence in the chart is a result of errors of methodical character being
introduced in averaglng the initial data. It seems that we can prove the truth
of such baric formation by the following.

1. All the centres of reduced pressure are situated on the axis of baric
depression.

2. The existence of local deepening of the baric field must give rise to
local cyclonic vortexes of wind field which can lead to upwelllng and reduclng
of the surface layer temperature,

Distribution of water .temperature at the depth of 50 m in August-September
1964 can prove it, Thus for example, a reduced pressure region centred at
10°N, 30°W corresponds to the tongue of ‘cold water with temperature below 16°,
the _region of reduced pressure at 10°-12 N, 21°—25 W corresponds to the large
patch of cold water below 16°, It should be noticed that the last region of
reduced pressure has ‘the larger area, hence the area of cold water is also larger.
It seems that it is. not necessary to prove further the reallty of the existence
of local regions of reduced pressure, since also in October they are not situated
randomly, but on the axis of depres51on° Moreover, these local deepenlngs of the
baric field have probably great seasonal stability which can be observed in the
multl-years Plan, = - - v s se e e e e e :

) To discover the p051tlon of upwelling and sinklng we calculated the values of
the dlvergence of surface current speed for the Eastern Atlantlc from the multi-
years average-data.- : : : .

~ Comparing the charts of the baric field for August-September 1964 with the
distribution chart of current speed divergence for the summer period it turned
out that the region of reduced pressure at 10°-12°N, 20°-25°W corresponds to the
region, of corresponding size, of great numerlcal_valueswof positive divergence,
i.e., dintensive upwelling. We don't give the chart of the distribution of
current speed divergence- because of the limited size of the article.

The coincidence of the zone of great values of the dlvergence with the region
of reduced pressure does .not seem to be accidental. Since the surface currents
of the Eastern Atlantic are caused by the wind it is clear that the high multi-
years' mean values of positive d1Vergence of current speed reflect great cyclonic
vortexes of the wind field, proving somehow the existence of local baric deepenings

on the axis of tropical depression.
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Another interesting peculiarity of the baric field is the clearly
expressed influence of orographic conditions on the isobar conflguratlon.
For instance, near the Arquipelago de Cabo Verde the form of isobars has a
waving character which can be explained by the 1nf1uence of the large air
warming over these 1slands°v* Near Cabo Verde the 1014 mb isobar repeats
the configuration of the coast line., Undoubtedly, such local disturbances
of the pressure field must somehow-influence  local-hydrological conditions,

Now we start to examine-:the distribution of vertical speed in the
summer period (Fig. 3).-- -

Let us take into account that the centres of areas with intensive rising_
movements are connected with the above mentioned cyclonic formation on the
axis of the tropical depression and also with the zones of reduced atmospheric
pressure branching from.the depression. However, the main region of large
upwelling is connected with-the position of the depression-axis.

The locatioms of sinking water are connected with the increased pressure.
The most intensive sinking movements can be observed near Cabo Verde to the
east and west of the Arqulpelago de Cabo Verde, at the extreme south-east of
the area examined.

It should be pointed out that in the eastern part of the zone (to the east
of 25°W) the ocean area occupied by water upwelllng is much more extensive than '
in the west, though in this part upwelling is quite intensive. As a matter of
fact, here (area 9° N5 31°W) Ye have the greatest speed of upwelllng water
current (-1265 ° 10-7.cm sec” .

To the north-west and south-west from Dakar there are two regions of
water upwelling with maximum speeds of =520 olO‘5cnxsec -1 and -918 +10=5cm sec-1
respectively.

Maximum sinking speeds are_ observed to the west of the Arqulpelago de_Capo-

Verde (+618 .10~5cm sec™1): and at the extrene, south-east (+802°10"5cmsec 1). The
last ‘figure also confirms the fact that the. vert1cal movements are mostly deve-.

lopedIto the east of 25° W,

t is known that water. temperature is a rather good 1nd1cator of verti-
cal movements° ~ In the given_ chart of water temperature distrlbutlon at the
depth of 50 m (Flgo 2) upwelllng zones correspond to_ 1ower water temperature,
and 51nk1ng zones correspond to hlgher temperature. Thus9 there is probably
coincidence between the pecullarltles of the structure of the baric field, the
vertical speed-distribution and the distribution of water temperature. :

Let us begln to analyse autumn condltlonso_ In October the size of tropical
depression (the area limited by the 1013 mb isobar) decreases strongly (Fig. 4).
The tendency of isobaric extension .in the meridional dlrectlon leads to the
breaking down of the zonal c:chulat:Lon9 to the filling up of cyclonic formations”
in the axis of troplcal depresslon, and to the weakening of monsoon winds
blow1ng towards the contlnent.

The trade-wind systems of both hemlﬂmeres approach each others too. There
were remarkable changes in the distribution of the vertical component of drift
current speed in October (Figo’5)o A sharp,weakenlng of,the,lnten51ty of the
vertical movements can be noticed. Judging from the maximum speed values
these movements decreased at least by 2-3 times in the eastern region. In the

-west the intensity decreased too, though near 8°N, 27°W the maximum speed of

upwelling (-764 o 10=2 cm sec™1) is being observedo

It is interesting to note that the orientation of isobars has generally a .
latitudinal direction in summer and the zone of water upwelling and sinking
has a meridional direction.

In autumn isobars are inclined to follow a meridional direction, and
zones of upwelling and sinking a latitudinal direction. Examining the field
changes of drift current speed we notice that they follow the changes of the
baric field in the near-land atmospheric layer. At the same time the charac-
teristic regions of water upwelling and sinking are closely connected with the
characteristic atmospherlc centres which are the centres with increased and
reduced atmospheric pressure. '



Vertical Circulation and Tuna Distribution

At the present moment we can surely affirm that tunas in the
high seas usually occur in the areas where for dynamic reasons deep
waters bring nutritives to the upper layers providing the high bio--
logical productivity of the area. Vertical movements which form the
feeding conditions influence the physical structure of water, particu-
larly the water temperature distrlbutlon. Changes in temperature are
well felt by tuna. '

Therefore, one can suggest that changes in the field of vertical
speed influence the tuna distribution. In August-September. 1964 (Fig.3)
the catches of tuna were significant during well-developed upwelling
movements of water. It is interesting to point out that the main
part of the catches takes place on the periphery of the zones of up-
welling.

The size of the catches seems to be connected with the intensity
of vertical movements, In the eastern part of the region where the
rising movements are more significant in this period of the year and
occupy the larger area the catches of tuna are somewhat higher.
Probably larger fish occur here. When the vertical circulation weakens
in October (Fig. 5) the catches of tuna decrease. One can see the
lack of big specimens. The centre of higher catches is displacing
to the south-west; this allows the conclusion that larger tunas migrate
towards south-west.

Conclusions

In the Tropical Atlantic, to the south of the Arquipelago de Capo
Verde, the connection between the structure of the surface baric field
of the atmosphere and the field of the vertical component of the drift
current is observed.

In summer the maximum upwelling speed is connected with the regions
of cyclonic vortexes of wind field situated on the axis of depression.

When the region of reduced pressure in autumn is filled up on the
axis of depression a weakening of cyclonic vortexes 'in the atmosphere
occurs and leads to a remarkable detrease of vertical water movements.

The distribution of tuna is connected with the character of changes
of the field of vertical component of drift current speed.

References

1. Sorkina, A.I. Plotting of charts of wind fields‘for the seas and
and oceans. Trudy GOIN'a, issue 44, 1958.

2 Chekotillo, K.A. Vertical water movements in the ocean. The
results of the investigations under the inter-
national geophysical projects. Oceanology, No. 1%
Publishing house "Nauka", Moscow, 1966.

3. Hidaka, K. Divergence of surface drift currents. in terms of wind
stresses, with special application to the location
of upwelling and sinking. Japan. J.Geophys.,
1955, 1, No. 2.

L, Hidaka, K. and Ogawa, K. On the seasonal variations of surface
divergence of the ocean currents in terms of
wind stresses over the oceans.- Rec. Oceanogr.
Works Japan, 1958, 4, No. 2.



30°

25°

20°

15°

10°

20°

20°

15°

15¢°

10°¢

1016 . 1016

1016

1016

10137 %ﬁ

\L 10°

30°

Pigs 1, Chart of average surface baric fisld for August-September, 1964

25°

20°

15°

10°



35° 30° 250 200
20° . ‘ i |
16
18 1
|Cape Verde /B 20 4
26 |24 2221 ds Ics)langs . (___1//@* |
18¢ )/ Q 18 &22_
25\ %m 16\> \ 5
22 \?/223 u 2\ éé A3
. @ 18 m ??
’/ ﬂ @ )
’- /’21 b
T T ) \) (
7
o ‘16 1 20%\_/22

35°

Fig. 2.

30°

Water tempcrature distribution at ’che depth of 50 m

25°

in August-September, 1964

- 20°

20°

15°

10°




20°

15°

10°

30° ' 250 20° ' 15° 10°
& 100136'7 .173 yool’o0
\\\//—3
,, T B) 25 (] 144 -
=100 ,(‘ ’ 4100
=200/ . . L
bt kazb! fos e Oy T 20 2366 | | 1% ]
7l /A//\\\, 100 =N ARy
dile, ~ 22NN
277300, ) LON
3 3 3 A ADYRY 440 -
ﬁ’.ﬁ)f%ﬁ> zgo J 2c(o 403_‘{) 3/ ~
;{;ﬁt@ %69 77\1' 01, IGErAr. 2y 150
300 )
\_C/ﬂ.oo J
42/ . 3 -
NTY
10°
200 1
/‘/ 100
P/ 26

I i A 1 i " n L -y

300 . . © 25 20° : A M ' 10°
Distribution of vertical component of drift current speed (lofscmsec'l) and tuna .catches in
August-September, 1964. Regions of upwelling are hatched. Catch for 100 lengZline hooks

is given by two figures: the upper one indicates the mimber of tuna caught, the lower one
the total tura weight in kg. ‘



30° 250 15¢ 10°
20° 200
1014
i 1014/\J
oS
1014 _0
1 pe D
ol
15011014 S 150
_1014\\@
%A T
m // =y ’
Q
1016 10% 1016 \\\
25° 20° 150 10°

30°

Fig. 4.

Chart of average surface haric field for October, 1964.

-O'[-



300 250 " 450 10°
20° 20°
150‘ 1/ 150
100 r05? 10°

e | -
3
0
l[
30° B 25° 20° 150 10°

Fig. 5. Distribution of vertical comporent of drift current speed (lO-SCm sec-l) end tuna catches in October,

1964. Regions of upwel ling are hatched., Catch for 100 long-lins hooks is given by two figu
the upper one indicates the number of tuna caught, the lower one the total tuna weight in kg.

res:

- TT =



