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The description of water and air motion is a complicated physical problem, and in 
a planet scale under a great deal of determining factors its effective solution presents 
enormous difficulties even on application of high-performance computers.  

In these circumstances particular importance should be attached to the search of 
adequate physical analogs of characteristic processes in oceans and atmosphere. Such 
effective models enable to get exact results at minimum available data.  
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1. Rotation of the Earth as a whole 

 

The Earth's atmosphere bulk mass occupies a very thin layer above the planet 
surface. Already at the height of 80 km the air pressure relative to sea level pressure is 
about 10-5. In comparison with mean Earth radius (6370 km) this value (80 km) makes 
less than 1,5 %. As of oceans, they occupy hardly more than 70 % of the Earth surface, 
and their average depth is about 3,7 km, that is, extremely small (about 0,05 %) in 
comparison with the Earth radius [1]. 

But this layer of air and water traps hard radiation of the Sun and provides rather 
mild planet climate. The key role in these processes play oceans and atmosphere 
currents. The energy of the Sun is transformed to water and air motion, which, in turn, is 
influenced by daily rotation of the Earth. 

Let's carry out gedanken experiment.  
Let's imagine, that the Earth does not get Sun energy and at the same time is in 

thermal balance (does not radiate energy in space and is not warmed up at the expense 
of the internal energy). 

Elementary reasoning brings us to the conclusion that in conditions of such 
gedanken experiment currents and winds should stop. Really, any relative motion under 
internal friction requires the constant energy consumption, the source of which 
replenishment is the Sun radiation. Without solar energy the planet rotation of itself 
could not maintain currents and winds, as the angular momentum conservation law not 
permits to spend the enormous energy of planet rotation as a whole for maintenance of 
water and air currents. 
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Thus, in the absence of solar energy (in conditions of our gedanken experiment) 
air of atmosphere and water of oceans would rotate just as a solid body together with a 
planet as a single unit. 

 

The rotation of the Earth creates centrifugal force, which coupled with gravity acts 
on all the planet substance, including, water of oceans and air of atmosphere. As a 
result of this action the Earth is somewhat stretched out in the equatorial plane and a 
little flattened in the line of poles.  

Though these deviations of the ball shape are rather small, nevertheless, to 
characterize the Earth shape there is even used the special term - geoid.  

In view of relative smallness of the centrifugal force in comparison with gravity it 
is possible with a sufficient degree of accuracy to spot the specified diversion of the 
shape of the Earth from the spherical form as a small perturbation. 

To be convinced in this assertion it is enough to compare maximal centrifugal 
force on equator with gravity acting per unit volume of substance: 
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Here ρ - density; ω - angular velocity of the Earth rotation; R - the Earth mean 

radius; g - acceleration of gravity. 
The Earth surface under centrifugal force changes in such a manner that the 

resultant force (subject to gravity) everywhere is perpendicular to a surface, which, thus, 
makes equipressure surface. The inappreciable diversions from this rule are caused by 
features of hard rock topography and structural irregularity. As regards water surface of 
oceans and seas, it practically coincides with equipressure surface.  

 
 

2. Self-organization of the convective motion  
 

The solar energy is irregularly spread over the Earth surface. But besides non-
uniformity of the Earth surface irradiation, the unevenness of atmosphere and oceans 
heating creates additional temperature difference, both along the Earth surface, and 
along atmosphere height (oceans depth). Therefore solar radiation results in convection 
– mixing process of lighter warmed up air (water) with body of heavier cold air (water).   

The convection processes are the fundamental reason of atmospheric air and 
oceans water motion. However actual processes of convection become essentially 
more complicated owing to the great number of other factors.  

Let's mention such powerful phenomena as cyclones, caused by accumulation of 
atmospheric vapor containing enormous energy and with its subsequent condensation 
causing energy release. In addition air and water motions are closely interdependent. It 
is known, that near-surface water mass comes in motion under strong and stable wind 
and thus forms current [2].  

 

Let's consider in detail, how convection eventually generates large-scale water 
and air currents on the Earth. 

Air gets warm, generally, near ground and water surface. Therefore integrally the 
process of convection looks like a counter motion of lighter warmed up streams of air 
rising upwards along with descending masses of cold and heavy air, which goes to the 
earth surface to replace the rising hot air.  



3 

 

As a whole it occurs exactly so. But it is important that rising and descending 
flows are controlled not only by temperature difference but also by the spatial self-
organizing of convection process.  

This integral property of water and air motion naturally results from fundamental 
differential properties of liquid mediums described by the Navier-Stokes equations.  

Solution of these equations generally is hardly possible, as liquids and gases 
motion has proved its unpredictability (for example, turbulent flow). But basic properties 
of these mediums motion were explored in detail already before last century [3]. 

In particular, it concerns spontaneous structuring of motion, when in continuous 
and homogeneous medium the vortex filament forms. The vortex structure has some 
special properties because there is underpressure area near the axis of rotation. That is 
why the vortex line cannot come to an end within the medium and forms closed loop, or 
has an end on separation surface. 

A convection is associated with the presence of counter flows of warmed up and 
cold masses, that causes natural circulation of air (water) having features of a vortex 
motion, and, thus, naturally attaches to the process of air (water) convection the 
property of self-organizing.  

In whole the rule works quite apparent: the convection under gravitation is most 
effective, when heating source in the gas or fluid volume is located at the bottom of this 
volume, and in case of cooling the source should be placed above. 

The convection depends on intensity of heating or cooling sources (temperature 
gradient) and some other factors. For example, in survey paper [4] the attention was 
attracted to the shift of boundaries between convection cells because of heating 
nonuniformity (fig. 1).  

As follows, the convection cell formed by the stronger heating source occupies 
greater volume and presses its weaker neighbor. 

It is well known the convection self-organizing in a thin oil layer warmed up from 
below, in which the periodic honeycomb structure is formed. Actually this is the whole 
set of almost identical toroidal cells closely located to each other. 

Similar process arises in the silent clear day, when it is possible to observe 
cumulus clouds forming ridges and periodic structures. 

 

 
 

Fig. 1. Water currents observed in rectangular aquarium under various thermal 
conditions on boundaries [4]. 
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On larger coverage the cloudiness pattern is incredibly complex. Convection cells 
are built in surprising structures reminding intricate lace. Besides air motion within cells, 
there is a superposition of wide-area background horizontal winds, uprising and 
downward air currents. These wide-area air movement results in cells form modification, 
including their shape and size. 

In particular, convection cells differ by their character as open and closed types – 
toroidal vortexes having opposite directions of rotation (fig. 2). 

Convection substantially depends on prehistory, that is, the steady-stated 
circulation hinders the system transition to other state. For example, cells with opposite 
types of circulation (fig. 2) can exist simultaneously in the same conditions. They are 
self-maintained circulation types: warmed up air keeping to the beaten track rises 
upwards, while colder air in the opposite part of vortex core goes downwards and thus 
also supports the rotation. 

 The hysteresis phenomena in convection are well known. However stability limits 
of various convection types (configurations) and transition processes between various 
states in view of the hysteresis phenomena are not yet explored.   

 

 

 
 

Fig. 2. Convection cells of closed (a) and opened (b) types. 
 

Opportunities of space-based observation and photography of cloudiness have 
radically extended our understanding of Earth's atmosphere processes. Presented 
snapshot makes it possible to see atmosphere convective structures generating 
complex cloudiness variety (fig. 3).  

When there is a calm weather the convection cells have regular circular shape. 
Background winds cause their distortion and elongation. Thus the characteristic cell 
sizes vary from 15 up to 35 km. 

The background large-scale upward currents of air are usually bound with areas, 
where there are convection cells of the closed type, and on the contrary – descending 
background currents are associated with areas where cells of the open type prevail. 

It is necessary to give special attention to wide-scale planetary convection 
processes, which substantially develop symmetrically in northern and southern 
hemispheres. Their self-organization reminds the above mentioned toroidal convection 
cells, but covers practically all the atmosphere (fig. 4). 

The Hadley cell is located along equator in the tropical zone of the Earth – the 
area most warmed up by the Sun. Here warm and humid masses of air ascend, and 
then go to higher latitude regions. At about 300 of latitude the air mass descends and 
then again returns to the equatorial region. This cell has a brightly expressed character 
as against a contiguous Ferrel cell (reaches up to 650 of latitude) which is not always 
shaped, has discontinuousness and is subjected to the strong influence of cyclones of 
middle latitudes essentially effecting global air circulation.  
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Fig. 3. Open and closed cells above Pacific Ocean to the west from Peru.  
Snapshot Terra/MODIS (4.09.2003, 15:55 UTC). © NASAGSFC. 

 

 

 
Fig. 4. Global convection cells of the Earth's atmosphere. 
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The self-organizing of cells is based on the same principles as vortexes – not to 
have free ends; cells with opposite signs of rotation form pairs ganged with each other 
(intermediate subordinated Ferrel cell makes bearing between two other cells). 

The Ferrel cell really can be characterized as a forced convective motion, as 
according to actual temperature distribution on the Earth surface it would be more 
natural opposite in direction motion of air.  

 
 

3. Influence of the Earth rotation on a motion of air 

 

As a first approximation it is possible to consider that in global cells there is a 
superimposition of two independent directions of air motion.  

On the one hand, air inside a cell during convection process moves between 
parallels, and on the other hand, air of a cell rotates together with Earth, entrained by 
ground (water) surface velocity proper to these latitudes.  

Convection cells surrounding the Earth isolate themselves, restricting air masses 
exchange between the cells. This isolation results in air velocity step at latitudes where 
there is contact between adjacent cells. Let's try to estimate quantitatively these effects.  

Very complex as it is the relative motion and interaction of air with the surface of 
ground (water), though on the average, apparently, it does not result in the Earth 
revolution slowing-down or acceleration.   

Proceeding from this requirement, let us determine equilibrium cells velocities.  
For simplicity we assume that velocity of ocean surface currents is negligibly 

small in comparison with air velocities in atmosphere. Besides we shall assume that as 
a result of convection air velocity along parallels even up in limits of each cell. This 
velocity component of air in convection cell we shall designate as vj. 

Such requirements can be characterized as an extreme case of very intensive 
convection (as opposed to item 1).  

The friction force is proportional to a difference of velocity of ground (water) 
surface v and air velocity component vj, and also to the surface element ds 

.)( dsvvCdF j  (1) 

 The surface velocity v is determined by the Earth rotation and depends on 
latitude, as well as the surface element ds (having velocity v) too depends on latitude: 

.)cos(2,cos RdRdsRv
 (2) 

As a total cell friction force on surface of ground (water) in sense of rotation of the 
Earth should be on the average equal to zero, after integration (1) subject to (2) we get: 
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The expression for average air velocity in parallel direction finally looks like: 
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The difference of this velocity component versus the Earth surface velocity (due 
to rotation) causes a wind:  

.cos jj vRvvv
 (5) 

In fig. 5 the graphs of wind velocity (5) depending on latitude (positive direction 
corresponds to wind from the east to the west) for each cell are submitted.  
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Fig. 5. Wind velocity in cells according to the formula (5) depends on latitude. The 
positive direction corresponds to a wind from the east to the west. 
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In particular, at the equator (φ = 0) the surface velocity of ground (water) exceeds 
average velocity of Hadley cell (4) almost by 20 m/s. It means that on equator the strong 
stationary wind about 20 m/s from the east to the west should blow.  

The constant and strong wind on equator blowing from the east to the west really 
exists and is named as trade wind. However at a surface of ground (water) its velocity is 
not so great and makes about 5 m/s, only from time to time it raises up to 15 m/s. The 
difference from design value is substantially caused by the fact that the velocity of low 
layer of air at its contact with a surface of ground (water) decreases due to friction. But, 
as is known, with height raising the wind velocity essentially grows. 

Naturally, these evaluations are crude, as are based on essential simplifications. 
As it was already mentioned, they are in greater degree valid for upper atmosphere, but 
directly at a surface of ground (water) velocity difference flattens. 

Therefore at high altitudes at convection cells contacts there is really great 
velocity jump.  

Similar velocity steps between the next convection cells are also observed on 
other planets. For example, Jove photos show that velocity steps between convection 
cells result in occurrence of numerous vortexes (fig. 6). 

 

 
 

Fig. 6. Velocity steps between convection cells of Jove atmosphere result in 
occurrence of vortexes. 

 

Jove daily rotation influences even more the global atmosphere circulation of this 
enormous planet (mean radius is almost 70 thousand km - 11,2 times more than radius 
of the Earth) because it rotates more than twice faster than the Earth (revolution period 
is about 9,93 hours). 

In the Earth's atmosphere there is one more consequence of adjacent convection 
cells interaction – so-called jet flows (fig. 7).  

They are formed at high-level atmosphere, have rather small cross sizes and 
surround the entire globe. Great air velocity in these currents permits to utilize them for 
round-the-world flights in a balloon. The interesting fact of use of a jet flow by the 
Japanese was also known during the Second World War to deliver the bombs on USA 
territory. However, this hostility technology has appeared unsuccessful, as the bombs 
essentially got to enemy deserted regions. 

Jet flows have the same direction as the Earth rotation, and can ensure by skilful 
piloting great velocity of flight. Thereof testifies recent (July, 2016) round-the-world 
balloon journey made by F.Konjuhov. He moved in sign of the Earth rotation, following 
30о of latitude in a southern hemisphere, and has established a new record of velocity, 
having flown almost 35 thousand km in 11 day and 6 hours. 
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Thus, velocity of flight (about 36 m/s) on the average was 10 % less than 
maximum speed in Hadley cell - 40 m/s (fig. 5). 

The jet flow gets a direction of a more powerful Hadley cell. The weaker Ferrel 
cell in contact area plays a role of supporting wall. 

 

 
Fig. 7. The jet flow goes to the east and is formed at high-level atmosphere in 

collision of air streams of adjacent convection cells (a). Meanwhile the Ferrel cell plays 
a role of supporting wall - top view (b). 

 

In northern and southern hemispheres the atmospheric processes develop 
substantially symmetrically, so that jet flows move along 300 of latitude. However in 
northern hemisphere the jet flow is less stable. There is more powerful influence of land 
area in northern hemisphere, hereupon the Ferrel cell has distortions and quite often 
has intermittent character, so both the jet flow becomes intermittent and instable.  

 

 
 

Fig. 8. The total average meridian circulation in northern hemisphere in winter (а) and in 
summer (b). Each channel between streamlines comprises the flow about 25∙106 ton/s 

of air mass moving in a direction represented by arrows [4].  
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As it was already mentioned, in the whole the air speed at high levels is greater 
than at the Earth surface. Substantially it is related with friction on ground (water) 
surface. But it is not the single cause.  

 

 
 

Fig. 9. Dependence of relative air pressure 

in Earth's atmosphere on height (in kilometers). 
 

To have the same flux value of air at law pressure (in upper atmosphere) there is 
needed greater air speed than at standard conditions. In fig. 8 [4] the meridional 
circulation of air in convection cells is shown. It reaches the heights about 20 km where 
the air pressure has the order of 100 mb. 

Thus, the convective air motion occupies the major part of Earth's atmosphere, 
because above 20 km there is an insignificant part of atmosphere mass (fig. 9). The X-
direction on fig.9 is height above sea level in kilometers, and Y-direction is relative 
pressure of air.  

As the pressure of air (and its density) at level of 20 km is by single-order of 
magnitude less than at the sea level, so the air speed at this height (at the same flux 
value) is by single-order of magnitude more than at the Earth surface. 

 
 

4. Cyclones and the global circulation of air in atmosphere 

 

The rotation of the Earth as a whole means presence of distributed in an 
atmosphere velocity circulation, that creates conditions for formation of vortexes like 
cyclone, tornado etc. Therefore sense of rotation of cyclones, both in northern 
hemisphere, and in a southern hemisphere meets the sense of the Earth rotation. More 
in detail these processes are examined in [5]. 

The atmosphere moisture condensation results in formation of clouds, 
atmospheric precipitation and release of the relevant heat quantity. Streaming upwards 
warmed-up air starts this enormous thermal machine – cyclone, which drags air from 
different directions to the centre of the forming vortex, removes moisture in the form of 
heavy rain and throws out dry air upwards in atmosphere. 

Figuratively speaking, air collapsing to the center of cyclone rotation is resulted in 
velocity curl concentration increase in this area. 
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On the other hand, such increased velocity curl concentration in this cyclone area 
of low atmospheric pressure means that in other regions there is a relative diminution of 
air velocity curl.  

The fact is that average air velocity curl is determined by the Earth rotation as a 
whole and by the angular momentum conservation law. Therefore the increase of 
velocity curl concentration in one place causes its relative diminution in other areas.  

Thus, the areas having opposite features (as against to a cyclone) are formed, in 
which there are air streams going downwards with reverse direction of rotation and with 
high atmospheric pressure (fig. 10). 

 
Huge cyclones dimensions are comparable with those of global convection cells. 

Therefore, as it was already mentioned, cyclones make air mixing in atmosphere more 
effective, destroying borders between global convection cells.  

 

 
Fig. 10. Schematic views of cyclone (а) and anticyclone (b). 

 

Cyclones are discriminated as tropical and extra-tropical.  
The denomination of tropical cyclones speaks for itself. They are formed in 

tropical latitudes, generally, from 5о of latitude flanking equator (where there is a 
sufficient projection of the Earth angular velocity vector on a direction of cyclone angular 
velocity). Tropical cyclones appear above oceans and utilize enormous energy of warm 
and humid tropical air above water surface, and consequently are accompanied by 
stormy winds and tropical rains.  

As to extra-tropical cyclones, they arise in middle latitudes, where air temperature 
and humidity are not so great, but the vectors of angular velocity of cyclones and of the 
Earth have close directions. In particular, these cyclones occur in contact area of Ferrel 
cell and Polar cell, where there are temperature drop and great difference of air speed.  

In these conditions the arising cyclone brings cold air of the Polar cell 
southwardly (in western part of a cyclone). And, on the contrary, from the south it brings 
warm air northwards (in eastern part of a cyclone rotating counter-clockwise).   

As a result of interaction of global convection cells and due to extra-tropical 
cyclones following one by one, arise so-called atmosphere Rossby waves. The contact 
area of the Ferrel cell and Polar cell gets wavy character, and the closed type of this 
original waves surrounding the Earth, constrain Rossby waves phase relationship. 

Powerful cyclones cause essential distortions and discontinuities of a weak Ferrel 
cell and accordingly of its contact area with Polar cell. These processes affect also jet 
flows, which get wavy and intermittent character. 
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Rossby wave’s analogs are observed on other planets in regions of convection 
cells contacts. They also have self-induced character and consequently look like very 
strange symmetric figures around planet poles (for example, as a hexagon).  

 

In conditions of global warming the hysteresis of convection processes creates 
appreciable long-term climatic anomalies. Simultaneously with hysteresis phenomena 
amplification arise total processes amplitudes.  

Vivid example of such catastrophic long-term process was formation of blocking 
high-pressure area in the atmospheres of Russia’s European region in summer of 2010 
that has caused a drought and fierce heat (up to 37оС). 

The global warming can cause sharp changes in Russia climate. The fact is that 
the anomaly of 2010 can develop in irreversible tendency and recur more often because 
Ferrel convection cell will be getting more powerful in summer months on Russia 
territory. Though this cell, as it was already mentioned, has subordinated character, the 
powerful heating of northern territories in Eurasia in summer months makes convection 
in Ferrel cell more natural and stabile. 

Gigantic Eurasia ground surface exerts great influence on the global convection. 
Air-cooling in winter months causes high-pressure area over this region and permanent 
winds from continent. On the other hand, in summer months air above continent 
promptly gets warm and, moving upwards, sets winds prevalence from seas and 
oceans deep into the continent. In high-level atmosphere the motion of air has an 
opposite direction to winds near the ground. Such air circulation is termed as 
monsoonal, and winds – as monsoon. 

Amplification of Ferrel cell in summer causes shift of contact area with a Polar 
cell further to the north and thus opens way to dry and hot air. Such convection change 
forms high-pressure area blocking cyclones penetration to this territory.    

Hence, rise of global temperature observed during last decades does not mean 
uniform warming. Along with temperature change occur restructuring of global 
convection processes in atmosphere and oceans.  

Such sort of essential but ambiguous influence upon the Earth climate affects the 
Sun activity, which varies in basic with the period about 11 years, but has greater 
periods too.  

 

Concluding the analysis of convection in Earth's atmosphere, it is necessary to 
note, that in the literature devoted to this problem often occur incorrect from the physical 
point of view terms and statements.  

For example, almost universally there is a statement that the Coriolis force 
influences air at its motion along meridians. By definition this force appears only when 
the linear motion in rotating coordinate system occurs in conditions with hard constraint. 
For example, a train motion is track-guided, and water in a channel or in the river 
(moving southwards, or, on the contrary - northwards) is guided by banks. In these 
cases the Coriolis force acts by means of rails and river banks.  

Hence, the Coriolis force in atmosphere can arise only when limited air mass 
moves along meridian interacting with local surrounding air. Such interpenetration of air 
masses from different latitudes (having accordingly different velocity) results in 
appearance of vortexes and waves. 

As of global convection cells, the air motion in this case has no such restrictions 
(because of synchronous air motion at all latitudes), and to talk about Coriolis force is 
groundless tangling of a complex problem of free air motion study. The Earth rotation, 
undoubtedly, affects atmosphere processes, but its influence is mainly realized through 
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frictional force depending on speed difference of air and of ground (water) surface at 
different latitudes.  

By way of the second example it is possible to mention concept of anticyclone, 
which was imposed as formal contrasting of this atmosphere state to the cyclone 
relevant attributes. However anticyclones cannot be considered as occurrence of 
atmosphere motion self-organizing, as it is only a result of other master processes.  

The atmospheric anticyclones are often located in gaps between cyclones, which 
really are master processes in atmosphere. Air rotation and velocity distribution in 
anticyclone are not characteristic for vortex, as it is in cyclone. On the contrary, 
anticyclones are characterized as calm, almost static atmosphere. 

Thus, the term of anticyclone does not enclose the substantial physical meaning, 
and is pretty much the reflection of the established usage in meteorology. It is 
associated with the wide range of weather conditions in areas having high atmospheric 
pressure and descending air currents. 

 
 

5. Equatorial superficial water heating and convection 

 

The convective motion in oceans essentially differs from convection of free air. 
Generally atmospheric air gets heat from land and water surface, and so is warmed up 
from below, that determines natural character of atmosphere global convection.  

As opposed to this, the solar radiation penetrates into water from above and 
warms up only small upper layer. Warmed up water practically does not mix with 
underlying cold water, and, moving horizontally, forms warm currents.  

More natural convection processes takes place at northern latitudes, where warm 
water surface of currents coming from tropical and subtropical latitudes is getting cold. 
As a result the cooled water having besides heightened saltiness (due to evaporation) 
goes downwards and forms cold currents returning to equatorial region. 

What is going on when upper layer of water near equator gets warm?  
 

 
 

Fig. 11. The temperature gradient causes water level difference. 
 

Because of thermal dilatation of water surface layer in equatorial area forms very 
flat water hill, from which warm water drains to both sides - in directions of high 
latitudes. The fact is that pressure equalizing in water occurs promptly, but level 
equalization of water surface (drain from flat water hill) is rather slow process. Therefore 
nonuniform heating creates nonequilibrium hill of warm water in ocean (fig. 11). 
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Let's estimate the water flux created by temperature gradient in the area of high 
latitudes. For this purpose as much as possible we shall simplify statement of problem 
and assume, that surface layer temperature in equatorial area (Т1) smoothly decreases 
in the direction of high latitudes, where temperature is much lower (Т2). Let's also 
suppose, that at a depth exceeding the thickness of warmed up bed (Н), water 
temperature has everywhere the same value Т2. 

Water level difference ΔH depends on coefficient of water thermal dilatation α, 
thickness of warmed up bed Н and temperature difference (Т1 - Т2): 

.)( 21 HTTH
 (6) 

We assume here that the linear thermal dilatation coefficient of water α is equal 
to volumetric coefficient β, as in this conditions the warmed up water has an opportunity 
to be dilated only upwards. 

Equipressure surfaces slope (fig. 11) has the same nature of just examined water 
level difference. Thus, temperature gradient causes a convective motion of water in the 
direction of smaller temperatures.   

Let's note, that in seas and oceans coverage the water viscosity does not limit 
water velocity (in item 8 appropriate estimates will be made). Therefore energy relations 
and inertia of water mass play the head role in processes under consideration.  

The balance of potential and kinetic energy determines the highest possible 
water velocity at its flowing from altitude ΔН: 
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Here ρ - average density of water (we neglect effects of the second order of 
smallness), g - acceleration of gravity. 

Let's estimate orders of magnitudes using a concrete example.  
Depth of warmed up water layer Н we shall assume as 20m,  
Temperature difference (Т1 - Т2) let's accept equal to 10оС,  
Coefficient of cubic expansion is ~ 3∙10-4 К-1. 
Substituting these values in (6), we receive ΔН = 6∙10-2 m. 
Accordingly maximal velocity (7) is about 
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Formula (7) subject to (6) looks like:  
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Let's estimate now order of magnitude of warm water stream, which can be 
created by equatorial area, for example, in the Atlantic Ocean. 

Having designated ocean extent along equator as l, and middle speed of warm 
water layer in a direction of higher latitudes as vm, we shall receive stream magnitude 
(in cubic meters of water per 1 second): 

).(lHvm  (9) 

Let's use an estimate of water speed flowing from equators temperature hill (8), 
which has shown that maximal velocity of water current, and accordingly a middle flow 
speed are rather small: vm ~ 1 m/s. 

Assuming that the extent of the Atlantic Ocean along equator l ~ 5000 km and 
thickness of warmed up water layer Н ~ 20 m, we receive: 

Г ~ 100∙106 m3/s. 
This rough estimation gives exact order of magnitude. 
Florida Current is about 25∙106 m3/s, and after joining with the current from 

Sargasso Sea the total flux increases up to ~ 100∙106 m3/s. 
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As a whole volume of circulating water in oceans is essentially influenced by 
many other factors (cooling rate of warm currents in the course of their advance to high 
latitudes, lowering speed of the cooled down water; winds, coastal line of continents, 
underwater topography etc.). 

Besides the formation of ocean currents is influenced by the Earth rotation, and 
the scope of its consequence is comparable with influence of the Earth rotation upon air 
circulation in the atmosphere.  

 
 

6. The Earth rotation influence upon ocean currents 

 

The motion of water in oceans becomes more complicated due to restrictions, 
which continents impose on this motion. Therefore ocean currents, colliding with coast, 
follow a direction of a coastal line, or are divided into parts and round the fastland by 
some fanciful way. 

Nevertheless, in this complicated water motion of oceans particular legitimacies 
caused by the Earth rotation are traced. 

Specifically, the majority of ocean currents clearly show the tendency to closed 
circulation in opposite direction to the Earth rotation (in both hemispheres), that is, 
clockwise if to look from the North Pole.  

Actually these circulating currents play a role of convection cells, which are 
restricted by coastal lines of continents and spread from an equatorial area up to the 
highest latitudes. Thus warm water masses move to poles along a western coastal line, 
and cold currents go from upper latitudes to equator area along the eastern coastal line.  

Similarly to atmospheric trade wind, these currents go near the Equator from the 
east to the west and consequently were named as Southern and Northern Equatorial 
Currents.  

The essential difference consists only in existence of strong countercurrents 
between these Southern and Northern Equatorial Currents. As well as jet flows in 
atmosphere, countercurrents outrun the Earth rotation (move from west to east). 

The nature of such strange water current near equator deserves most attentive 
analysis.  

In fig. 12 the circulating currents located astride equator and countercurrent are 
shown schematically. 

Integrally such intricate configuration of currents system between continents is 
shaped under influence of the Earth rotation. The fact is that owing to the Earth rotation 
ocean water moving along meridian line gets influence of changing with latitude speed 
of coastal line and ocean floor (v = ωR∙cosφ).  

To a large extent in southern and northern hemispheres the processes in oceans 
have mirror symmetry. Therefore we shall analyze currents in northern hemisphere. 

Moving southwards (upper right side of fig.12) water mass reacts to a coast 
receding to east due to the Earth rotation - proportionally to cosφ.  

Water also accelerates its motion following a receding coast, so along a coastal 
line in eastern part of ocean equatorial area there is a lowered level of water (is marked 
with green color). This effect increases near equator because of similar processes 
occurring in the southern hemisphere. 

The lowered water level in eastern part of equatorial area creates conditions for 
countercurrent flow, the more so because Northern and Southern trade currents, 
hampered by a coastal line in western part of ocean, create heightened water level near 
equator at opposite coast (in a fig. 12 is marked with red color).  
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Fig.12. Configuration of the ocean currents between continents. 

The red color marks areas with heightened level of water, and the green color 
marks areas with lowered level of water. 

 

 

 
 

Fig. 13. Ocean currents and water isotherms. 
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So, hampered by coastal line and having created, thus, area of heightened water 
level near equator, Northern trade current is turning to the North, and partially goes 
backwards as countercurrent in the line of lowered water level at an opposite coast.  

Thus, the countercurrent arises because of a difference of water levels in 
equatorial area at west and east ocean shore. This feature of ocean water level is 
created by basic circulating currents located in southern and northern hemispheres. 

The area of heightened water level there is also in east part of ocean at high 
latitudes (are marked with red color in fig. 12), where the current is also hampered by a 
coastal line and changes direction. 

In western part of ocean at high latitudes lowered water level areas are available, 
because current moving in the direction of high latitudes drifts to east from coast (at 
high latitudes coast more and more lags behind the water moving from equator area).  

For the presentation of the analysis of ocean currents between continents we 
used somewhat idealized model (fig. 12). Perhaps, it most resembles the conditions of 
Pacific Ocean (fig. 13).  

Anyway, the studied idealized model enables to understand the most interesting 
and important features of substantial ocean currents. In particular, the nature of water 
circulation in oceans and causes of equatorial countercurrents are evidently shown. 

In the areas with heightened water level so-called downwelling occurs - warm 
water partially goes down to the bottom. On the other hand, in areas with lowered water 
level the cold deep water rises (upwelling) that essentially cools the ocean surface.  

From time to time these processes malfunction, therefore temperature of ocean 
surface rises (El-Niño) or it becomes colder than usually (La-Niña) [6]. It brings 
temperature anomalies and weather cataclysms, covering the entire planet (item 9).  

 
 

7. Rossby waves «generator» in oceans 

 

The ocean currents examination, which is carried out for many decades with use 
of the most different tools and procedures, shows that ocean currents are subjected to 
great instabilities and oscillations [7].  

The reasons of these diversions and their influence on the planet climate are 
complex and are a topic of the most careful study.   

The complexity of convective water motion in ocean immeasurably grows not 
only due to the Earth rotation but also because of seasonal changes, high and low tides, 
interaction with atmosphere and many other factors.  

However in oceans there are also internal instabilities. 
The above examined currents system in equator area consisting of two trade 

currents and one countercurrent form singular generator exciting so-called Rossby 
waves. Actually it is powerful and extremely complicated feedback oscillator.  

Enormous sizes and rather small speed of currents cause great inertia of 
developing processes which cycle is measured by tens of day.  

How does the mechanism of this huge feed-back oscillator work?  
Let's address again to fig. 12 and imagine that the current moving from north to 

equator has some plus fluctuation. In this case the area of lowered water level north 
from equator (marked with green color) will get supplementary level diminution. 

Really, each cubic meter of water (if it moves parallel to the coast with velocity v) 
experiences Coriolis force: 

.sinvf
 (10) 
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It is counterbalanced by horizontal pressure gradient, which just results in water 
level lowering at the coast. The total effect depends on current volume and, hence, 
positive fluctuation of current will result in water level difference amplification. 

This diminution of water level in the area north from equator causes the 
redistribution of the countercurrent in favor of northern trade current that will strengthen 
initial fluctuation. This chain of processes, evidentially, provides a positive feedback. 

Let's also note that interaction of contiguous differently directed long currents at 
equator, apparently, of itself is a source of a various turbulences and instabilities.  

 

These processes of interaction between three currents in equator area determine 
dynamics of global heat redistribution between southern and northern hemispheres. The 
vast scale of these physical phenomena entail changes, measured by great distances.  

Huge oscillations with great periods are observed in oceans everywhere and are 
described in many articles. In particular, in [6, 7] are discussed such oscillations (fig. 14) 
which were named as Rossby waves.  

It is impossible to observe directly such waves because of their immense period. 
Therefore in experiments there were fixed slow movements of water surface caused by 
waves, and the presences of waves as well as their periodicities were estimated by 
measured current changes.   

In fig. 14 the vector diagrams of currents obtained in 1975-76 years at various 
depths of the Atlantic Ocean near Bermuda islands are shown. The rotary movements 
of a flux vector have a period about 40 day. From these results also the important 
conclusion appears that utterly all huge mass of ocean from a surface to the bottom is in 
synchronous motion, characteristic for Rossby waves.  

The huge energy of oscillations produced by interaction of three equatorial 
currents just becomes apparent through the fact that Rossby waves cover practically all 
the ocean depth. 

 
Fig. 14. Daily average velocity vectors in 1975-76 years at various depths of the Atlantic 

Ocean near Bermuda islands [6]. 
 
It is necessary to analyze more in detail the phenomenon, which is also 

associated with waves, but which gives vortex properties to water currents. Most 
brightly this effect becomes apparent when current after having reached a coast, 
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causes water level grow in this area and so sharply changes speed direction. After that 
the current gets pronounced vortex features (fig. 15), examined in [7].   

How is generated such current in the form of vortexes sequence? 

The similar vortex mode of water motion was analyzed in article [5]. There was 
revealed, that at water surface the special vortex configurations can arise in the form of 
a half and even a quarter (if there is a vertical wall) of toroidal vortex (fig. 16). 

Let's remind, that according to the theory of fluids and gases motion any vortex 
line cannot come to an end in medium and is always closed (for example, toroidal 
vortex), or comes to medium interface (in this case – to the water surface). 

 

 
 

Fig. 15. Rossby waves lines of flow in Gulf Stream and its environments [7].  
The lines of flow are indicated by thin lines (with arrows) in the form of ellipse. The top 

view (А) and vertical section of Gulf Stream (B). 
 
Therefore Rossby waves, described in [7], are shaped by a pulsating flow of 

huge masses of water going from high level area to the free space (similarly to the 
smoker blowing smoke rings), where the pulsating flow is turning into a sequence of 
vortexes – half-sized toroidal vortexes at water surface.  

 In such current the forward motion of water is combined with rotation in half-
sized toroidal vortexes.  

 

 
 

Fig. 16. The vortexes can arise near medium interface,  
forming half-size and even quarter-size toroidal vortexes [5]. 

 

If to call to mind unique properties of toroidal vortex (and its modes [5], shown in 
fig. 16), it becomes clear the importance of such current kind in warm water delivery to 
high latitudes zone. 
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The surprising properties of toroidal vortexes are used, as is known, even in 
special devices which are shooting by these vortexes to deliver sufficiently far the 
necessary substances. The fact is that toroidal vortexes not only transport sufficiently 
far considerable impulse and energy, but they also carefully carry rotating inside 
substance, which does not mix together with a surrounding medium. The toroidal 
vortexes can deliver necessary substances, for example, to a fire area, or tear gas 
direct in crowd while disturbances suppression.    

Similarly the current uses vortexes to transport warm water sufficiently far and 
not to mix it up with ambient cold water. Thereafter the vortexes gradually collapse, 
giving way to other processes. The meandering current, cooling and lowering of water 
are observed. 

Thus, historically there is rather typical situation: once discovered phenomena 
termed as Rossby waves was gradually filled with new experimental and physical 
content. The study of Rossby waves is still in progress. 

 
 

8. What sets in motion the ocean currents? 

 

Ocean currents are shaped under influence of the most different factors, what 
evidently determines such variety of observed physical processes.   

In particular, the above mentioned physical mechanism of current in a form chain 
of vortexes (half-sized toroidal vortexes, fig. 17) is only one of manifestations of 
surprising nature creativity.  

Such chain of vortexes can transfer gigantic water volumes far away, as the 
larger is toroidal vortex, the greater is its stability. The properties of half-sized toroidal 
vortexes are similar to those of usual toroidal vortexes, which are well known and are in 
detail described in the literature. 

Other currents modes can remind usual rivers of warm water with cold water as 
banks. The currents breadth is usually about some hundreds kilometers, so they don’t 
remind water flow in a trough, but look like wide water lamina (even if the current really 
is very deep), moving under forces of pressure drop or strong and stable wind (fig. 18). 

 

 
 

Fig. 17. The current as a sequence of half-sized toroidal vortexes. 
 
At first let us examine water motion under force of pressure difference. Assuming 

current to be stationary, we shall draw up balance of forces acting on water. 
In any horizontal plane with area (l∙L) at depth h there is a frictional force  
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,
dh

dv
lLF

 (11) 

which is balanced by pressure gradient acting on current cross-section above this 
plane 

.phlF
 (12) 

Taking in consideration (11) and (12), we have the equation 
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Fig.18. The current in a form of lamina. 

 

Integrating (13), we get 

.)(
2

,
2

,
2

2222 hH
L

p
vH

L

p
CCh

L

p
v

 (14) 

Integration constant is determined by condition that water speed at depth Н goes 
to zero. 

The water volume transferred by current in unit of time, is determined by all 
cross-section integration of velocity (14)  
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Using this formula, we can estimate, what pressure drop corresponds with 
parameters of known ocean currents. 

For example, suppose that 
Q = 100∙106 m3/s, H = 103 m, l = 300∙103 m, L = 6∙106 m and η = 10-3 Pa∙ s, 
We derive that the pressure drop makes very small value 
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Taking into consideration that 1 mm Hg = 133 Pa, the pressure drop appears to 
be about 4,5∙10-5 mm Hg. 

Thus, ocean currents have so immense sizes that the speed gradient accordingly 
is very small, making friction losses (viscosity) to be neglected. 

Let's remind that this statement was formulated in item 5, where speed of water 
flowing down the «temperature hill» was estimated: 
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The current speed in a large measure is determined not by viscosity, but by 
energy relations at action of various factors (water level difference, wind force) and 
inertia of huge water masses transported by currents. 

 

How far is the influence of wind force on a water motion? 

Let's assume that it is a stationary process. The water speed under action of 
wind gets maximum value on a current surface and decreases with depth. Accordingly 
air velocity at water surface is sharply growing with increasing height, and then 
smoothly reaches maximum value at high altitude (fig. 19). 

Let's make estimating calculations.  
If horizontal motion of water is uniform, the resultant force acting on unit area in 

any arbitrary horizontal plane should be equal to zero. It means that frictional force and 
thereupon the derivative of water speed with respect to depth are constants: 
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And what occurs above water surface? 

As the frictional force in air immediately at water surface provides motion of water 
and accordingly is equal to frictional force in water (17), the equality takes place: 
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Thus, the jump of derivative at the interface water - air is caused by viscosity 
difference (almost by two orders of magnitude), and to support water motion the wind 
speed should sharply increase with height rise. 

 
Fig.19. The water speed is peak on current surface, 
while air speed reaches maximum at high altitudes. 

 

In turn, the motion of air occurs under action of pressure difference in 
atmosphere along the current of water.  

For rough estimations we shall use model of more compact and dense 
atmosphere, than it is really. Let's assume, that the viscosity of air does not vary with 
height increase up to some height (for example, Н1 = 10 km), up to which exists as well 
a wind (fig. 19).  
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Taking account of total force acting on area (l∙L) of current surface, it is possible 
to determine pressure difference. Using equality of forces (the frictional force is 
balanced by the force created by pressure difference in atmosphere), we get: 
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For an arbitrary horizontal plane at height h, subject to (19), it is also possible to 
write down equation for forces (in the same way as equations (13), (14)) 
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Integrating (20) and taking into account (19), we obtain the expression for air 
speed at arbitrary height 
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The maximum speed of a wind will be consequently at high altitudes  

.
2 0

10

1

0
0max

H

Нv
vv

 (22) 

These formulas enable to estimate orders of values. 
For example, if to suppose v0 = 1 m/s, Н0 = 1km, H1 = 10 km, L = 6000 km 

(viscosity of water η0 ≈ 10-3 Pa∙s, viscosity of air η1 ≈ 1,8∙10-5 Pa∙s) and to substitute 
these values in (18), (19) and (22) we shall obtain: 
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The derivative of wind speed with respect to height (0,06 1/s) means that at 
man’s height (~ 2 m) the estimated wind force will be only ≈ 12 cm/s. If to assume depth 
value, up to which the water current is spread, ten times less (Н0≈100 m), then the wind 
at man’s height should be much more (≈ 2,2 m/s), but though remains moderate.   

Concerning pressure difference and wind speed at high altitudes, these 
estimations once more show, that the viscosity of water (and, especially, of air) does not 
restrict processes going on in enormous scale of oceans (and atmosphere). 
Considerable pressure drop in atmosphere occurs often but generally is unstable, so 
that vast body of ocean water having enormous inertia has no time to follow the 
changes of air pressure. 

Therefore let us estimate how long it takes atmospheric pressure difference to 
cause an appreciable water motion in ocean.  

For example, assume that 6 thousand km apart from each other there are areas 
with pressure difference of 20 mm Hg. (≈ 2660 Pa). 

The force acting on each unit volume of water: 
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This force will cause water mass acceleration  
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So small acceleration will provide the speed of water current about 1 m/s in almost one 
month  

.27)(103,2 6 dayc
a

v
t  

However the same pressure drop will provide air motion much faster, as its density is by 
three orders of magnitude less than water density.  
Maximum air speed, which can be caused by pressure drop of 20 mm Hg, is possible to 
estimate using formula: 
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Wind of such enormous force, as well as pressure drop, can set in motion near-
surface water. Besides in a strong wind, as a rule, motion of atmosphere air cannot be 
considered as laminar. It gets turbulent squally character; therefore already in 
immediate proximity to water surface the wind speed is about 10 m/s and more. 

At first the wind sets in motion very small surface layer of water, and only at long-
term action deeper water masses begin to move. 

Let's also ask a question, how much time it will take a strong wind (10 m/s at a 
level 1 m from a surface of water) to set in motion (up to 1 m/s) near-surface water (to 
20 m of depth)? 

The force acting on water surface unit area is about  
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Assuming, that the water speed decreases linearly with depth growth, we get the 
water mass momentum in a layer beneath unit surface area at given maximum speed: 
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Thus, the strong wind can set in motion surface layer of water quicker, than 
pressure difference acting on all water mass (previous example). 

 

Briefly let’s also mention conditions, when cyclones, interacting with ocean water, 
cause real tsunami. Such interaction occurs most effectively in the seas (near shore), 
having small depth, but great extent.  

In these circumstances the cyclone velocity of travel is close to the speed of a 
soliton in shallow water, therefore the area of underpressure of a cyclone becomes 
centre of a long wave, which, moving together with a cyclone, more and more amplifies. 

As an example of such phenomenon it is possible to consider floods in St.-
Petersburg (Leningrad). The Gulf of Finland is ideal place for long wave, as it has depth 
about 50 meters and is oriented along cyclone line from west to east. 

At such depth soliton travel velocity [8]   

smgHv /22  (24) 

is not so great as in open ocean (~200 m/s), and has the same order of 
magnitude as travel velocity of huge cyclone.  
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In cyclone centre the water surface rises due to underpressure, and a long wave 
forms when there is a coincidence of its velocity with cyclone velocity. Thus amplified 
long wave near a coast turns into genuine tsunami. 

Let's remind that as opposed to usual waves a soliton (solitary wave) transports 
appropriate mass of water. 

Similar unfavorable conditions there are in Azov Sea (mean depth about 11 m). 
Cyclonic tsunamis are also observed in Gulf of Mexico having broad near-coast 

shallow water area (it is memorable the recent inundation, caused by hurricane Katrina). 
 

Carried out quantitative estimations show, that because of ocean currents inertia 
the appreciable speed changes are possible only at long-continued action of pressure 
drop and (or) strong constant wind.  

Especially vulnerable and unstable is a thin surface layer of warm water in 
equatorial area, which strongly depends on winds and pressure drops. But this really 
thin and rather fragile bed of warm water actually determines the planet climate.  

 
 

9. El-Niño and Rossby waves 

 

The convective motion of ocean water from time to time undergoes essential 
malfunctions due to its insufficient stability and its being subjected to critical action of 
atmospheric strong constant winds.  

The natural indicators of these processes are Rossby waves. 
In paper [7] data of long-term observation are given, which show that oscillations 

in Pacific Ocean have modulation (with average period about one year). The decrease 
of oscillations amplitude and their transmutation into weak chaotic fluctuations coincides 
with long periods of ocean surface temperature increase (fig. 20, 21). In the most 
adverse conditions surface temperature of ocean water rises for a long time and can 
reach 300С. Such phenomenon was named El-Niño, as it begins in winter and from old 
times had been associated with annually celebrated birth of baby Jesus.  

 

 

Fig. 20. A meridional component of current speed (a)  
and water temperature (b) in point I (l. 1400 west) on horizon 10m [7]. 
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The mentioned correlation between Rossby wave’s modulation and phenomenon 
El-Niño does not mean that Rossby waves are the immediate reason of global anomaly.  

On the contrary, these processes have common initial cause. It consists in 
equatorial currents system malfunction. 

In item 6 was shown, that a source of intense oscillations in oceans (Rossby 
waves) is created by processes of interaction between three currents in equator area 
forming oscillator with a positive feed-back. Oscillations are accompanied by 
redistribution of heat between convective ocean currents of northern and southern 
hemispheres.  

 

 

Fig. 21. Current speed and water surface temperature of ocean in point I (l. 140о west): 
A meridional component of current speed on horizon 25 m (a), this speed mean-square 

quantity in half-year period (b) and ocean surface temperature (c) [7]. 
 

To some extent modulation of Rossby waves reminds beating of two coupled 
circuits or resonators. In this case the part of resonators act northern and southern 
convective ocean cells, and the coupling element between them is presented by 
countercurrent in equator area. 

The stopping of equatorial currents breaks down the mechanism of oscillations. 
Processes of vertical water mixing in coastal regions (upwelling and downwelling) 
simultaneously stop, and temperature of the ocean surface grows sharply. 

 

Hence, the main point consists in finding out of real cause of ocean convective 
process malfunction. 

Taking into account a year periodicity (on the average) of this effect we have to 
recognize that modulation of Rossby waves (fig. 20 and 21) and El-Niño phenomenon 
are interlinked with seasonal changes occurring in oceans and atmosphere. 

What is the characteristic property of these seasonal changes? 

The mutual influence of an atmosphere and oceans is so complex that the 
attempts of the separate analysis of these elements are only a forced attempt to 
comprehend the essence of observed phenomena.   

Nevertheless, «more free» can be considered a motion of atmospheric air, while 
ocean currents are closed between continents and are strongly influenced by 
atmospheric winds.  
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In fig. 22 a schematic symmetric mutual alignment of atmosphere convection 
cells and ocean currents is presented. But in reality three equatorial currents system is 
shifted to northern hemisphere up to 100 (fig. 13). Temperature asymmetry of a planet is 
caused by asymmetry of land and oceans location on planet surface. In particular, the 
South Pole is practically in the centre of Antarctic Continent, and around of Antarctic 
Continent there is broad Southern ocean. It creates conditions for existence of Antarctic 
circumpolar current, which prevents penetration of warm currents to the coast of this 
most cold continent. 

 

 
 

Fig. 22. The scheme of ideally symmetric relative alignment of ocean currents 
between continents (dark blue arrows) and steady winds along lines of latitude in 

convection cells of atmosphere (red arrows). 
 

On the other hand, in winter months convection cells of atmosphere in equator 
region are shifted to the southern hemisphere (fig. 8) up to 150, that even more 
increases asymmetry of mutual alignment of equatorial currents and azimuth winds.  

In this case atmospheric winds are noticeably displaced against ocean currents, 
which cease to support and even oppose ocean water circulation. Therefore convection 
is impaired, and ocean’s surface temperature in winter months as a whole appears to 
be higher than in summer months.  

Naturally, from year to year the changing circumstances cause diversions of 
temperature with greater or with smaller sharpness. To revive usual circulation in 
oceans in view of an enormous inertia of these processes some months are required, 
and in some cases El-Niño lasts about two years.   

After reduction of ocean circulation Rossby waves also decrease.  
The mechanism of oscillations is based on equatorial currents interaction, and 

«generator» again begins to work when currents revive (item 7).  
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Some more words about «Rossby waves». 
As well as in any composite dynamic system, oscillations both the waves in an 

atmosphere and oceans can be various under the action of different factors forming 
phenomenon mechanism. Therefore wave phenomena discovered already long time 
ago with the lapse of time «acquire» new experimental facts, and in many cases the old 
term fills with the new physical content.  

Initially «Rossby waves» in an atmosphere and oceans were associated with 
undular processes incipient due to latitudinal move of air or water, when its masses 
having different relative velocities (because of Earth rotation) collide. A relative motion 
of such layers of mediums (air or the water) always causes formation of vortexes and 
waves in contact areas. 

Now this term covers the more and more wide range of undular phenomena 
caused by convection processes under planet rotation. 

 
 
 

Summary 

 

Self-organizing and hysteresis phenomena in convective processes in 
atmosphere and oceans play so important role that the direct solution of Navier-Stokes 
equations in enormous dimensions of a planet hardly can give unique result. It would 
remind attempt to deduce known forms of government and public relations, proceeding 
from abstract properties of human being as a cell of society. 

The structures of motion self-organizing are present at all levels. However, the 
most essential influence on convection in a planet scale exerts, in atmosphere as well 
as in oceans, global convection cells – closed circulating currents. 

The daily rotation of the Earth gives to convective currents of atmosphere and 
oceans rather odd and not trivial properties. 

In particular, atmospheric convection cells, surrounding the Earth, create steady 
winds, which in limits of each cell at latitude rise reverse dominating direction from 
easterly to westerly. The calculated speed of these winds, obtained with the use of 
«intensive convection» model, can be considered as estimation of maximum values. 

The collision of air streams of adjacent Hadley and Ferrel cells creates at high 
altitudes jet flows orbiting the Earth with huge velocity in a direction of its rotation (from 
west to east). 

Atmospheric global convection cells substantially restrict air exchange between 
cells that is shown by sharp climatic distinctions on their boundaries. This isolation is 
opposed by cyclones, which improve air mixing, but simultaneously complicate flow 
pattern of atmosphere and make it less predictable. 

Tropical cyclones form above a warm surface of oceans at some distance from 
equator and utilize enormous energy of moisture condensation. Therefore above a land 
they rather promptly decay. Tropical cyclone arises under relatively small projection of 
angular velocity of the Earth rotation on rotation axis of cyclone itself.  

As opposed to this, extra-tropical cyclones appear between Polar cell and Ferrel 
cell under action of essential temperature and air speed differences. 

Global convection cells, interacting among themselves and with a sequence of 
extra-tropical cyclones moving one after another, shape so-called Rossby waves in an 
atmosphere. Polar cell and Ferrel cell contact surface gets wavy character, and the 
closure of this wave surrounding the Earth imposes corresponding restrictions on 
Rossby waves phase relationship. 
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If on the Earth there were no continents, the currents of water to some extent 
would remind atmospheric convection cells surrounding the entire planet. 

However, continents interfere the natural water circulation and reverse the 
character of convection processes. The unique current embracing the Earth is flowing 
round Antarctic Continent. It blocks the penetration of warm water to continent, owing to 
what the temperature asymmetry arises - South Pole of the Earth is colder than North 
Pole.  

Carried out estimations with all evidence show, that water viscosity and, 
especially, air viscosity do not restrict large-scale processes in oceans and atmosphere. 
The ocean currents inertia is so great that essential changes of their speed are possible 
only at long-lasting action of strong wind and stable pressure drop. 

Ocean self-organized convective currents are located between continents in both 
hemispheres and rotate clockwise (if to observe from North Pole). This legitimacy is 
similar to atmospheric global convection cells behavior and is caused by the fact that 
circulating water mass only on the average follows the Earth rotation.  

The approximate equality of azimuthal component of these velocities (along 
latitude lines) occurs only at middle latitudes, where currents go almost parallel to 
meridians. Currents going to equator (from middle latitudes) lag behind the Earth 
rotation velocity, and consequently are displaced to west. At the same time, currents 
moving polewards have azimuth velocity exceeding velocity of ocean floor, and, thus, 
are drifting to east.  

These processes determine the direction of water circulation, which components 
are northern and southern equatorial trade currents moving along equator from east to 
west. Thus, the direction of ocean trade currents naturally coincides with the direction of 
equatorial wind called as trade wind. In both cases the direction is determined by the 
Earth daily rotation. 

Against this background looks like mystery the countercurrent moving along 
equator in the opposite direction to the trade wind, overtaking the Earth rotation speed. 

Even more surprising look properties of three equatorial currents, which actually 
form power generator providing oscillations observed in all oceans. The period of these 
oscillations makes tens of days and corresponds to the scale of currents. 

The mechanism of these strange phenomena in equator region was described by 
the idealized model of currents circulating between continents.  

The analysis of model has shown, that equatorial countercurrent appears due to 
heightened level area in the west (here trade currents are barred by the coast), and, on 
the other hand, to lowered level area at opposite coast in the east (here the Coriolis 
force acts on currents moving to equator along the coast).  

Thus, equatorial countercurrent is caused by the Earth daily rotation and by 
convective currents of southern and northern hemispheres. 

Simultaneously analysis evidently showed the cause of location asymmetry of 
heightened level and lowered level areas at continents coastline, where there are 
observed so-called upwelling and downwelling processes (vertical motion of water). 

Besides by the model instrumentality the positive feed-back coupling of three 
differently directed currents in equatorial area was shown. Oscillations (Rossby waves) 
are generated with periodicity measured by tens of day that is caused by vast 
dimensions and slow speed of «involved in oscillations» currents. All these processes 
naturally depend on concrete conditions and real coast line character.   

«Pulsating» currents generate, in particular, very interesting version of water 
motion self-organizing in the form of a sequence of half-toroidal vortexes. Such unusual 
phenomenon was observed in Gulf Stream while Rossby waves study. 
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Oscillations generated by the system of currents in equator area simultaneously 
redistribute warm water masses between northern and southern hemispheres of the 
Earth. Global oceans convection cells appear to be bound among themselves by means 
of equator countercurrent so that oscillations in southern and northern hemispheres 
occur in antiphase.  

This special mode of oscillations surpasses in its period all other processes of 
planetary scale. For example, gravitational oscillations of water level in oceans have 
period about several hours, and soliton goes around the Earth in some tens of hours.  

It is also necessary to take into consideration that the system of three extended 
currents, contiguous and differently directed, apparently, is a source of various sort 
turbulences and instabilities. This situation somewhat reminds processes in generators 
using counter-propagating electron beams. 

Thus, the most surprising place on Earth in terms of ocean currents physics is 
the equator region, where Peruvian Current and California Current meet. These 
currents accordingly turn into Southern and Northern trade currents and form the unique 
natural pump, which provides equatorial countercurrent and partially lifts water from 
ocean depth (upwelling).  

Taking into account powerful oscillatory processes occurring in ocean at western 
coast of the American continent, it is also impossible to exclude their influence on 
seismic activity in this region. 

 

One more important feature of Rossby waves is their amplitude modulation with 
average periodicity about one year. In winter months currents weaken, and accordingly 
oscillations decrease down to chaotic motion. The cause of these seasonal changes 
consists in the growing asymmetry of a relative alignment of ocean currents and stable 
atmospheric winds in winter months. In these conditions winds cease to support 
currents, so that natural convection process in oceans becomes broken. As a result, 
upwelling and downwelling processes also stop.  

Thus, the decay of Rossby waves is bound with slowing-down of convection 
processes (currents suspending) and actually is the start indicator of the catastrophic 
phenomenon El-Niño. 

 

Let us once more draw attention to the circumstance, that the impeded oceans 
convection (as ocean water gets hot from above) critically affects the Earth climate. 
Actually all is determined by very thin layer of hot ocean water near equator.  

Immense masses of cold water, including ocean depth on equator, are not 
involved in convection processes. 

Let's also note that in the far future influence of the Earth rotation on convection 
processes will weaken, as the Moon slows down the daily rotation of the Earth. It will 
almost completely stop the rotation, when the day will rise up to 50 present days [9]. 

 

I express sincere gratitude to P.I. Radikevich and A.S. Bogomolov for valuable 
remarks, which they have made to the original version of the paper in Russian: 

Верин О.Г. Физика атмосферных и океанических течений. 
http://technic.itizdat.ru/docs/verin/FIL14842966570N105982001/  
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