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Wind-driven Circulation 

In a theoretical planet without continents, the winds would move the surface water of the 

ocean from East to West near the equator line. However, the Earth Planet is composed by six 

continents that act as boundaries affecting the ocean circulation. Due to the Earth’s rotation, the 

Coriolis Effect deflects the surface water in 45º of the wind direction, and the mathematical 

integration over the water column result in a 90º drift, known as Ekman Transport. So, the 

equilibrium between the pressure gradient, the wind direction and the Earth’s spherical shape, 

rotation and continental distribution generates the oceans ‘gyres’. 

The Coriolis Effect acts differently depending on the latitude. In the equator line the 

effect is null, in the Northern Hemisphere the water deflection is to right, and in the Southern 

Hemisphere is to the left. This leads to clockwise gyres in the Northern Hemisphere and counter 

clockwise gyres in the Southern Hemisphere. There are three major types of ocean gyres: 

tropical, subtropical, and subpolar, but here we will talk about the “subtropical gyres”. 

 

There are a total of five subtropical gyres: 

1. Indian Ocean Gyre  

2. North Atlantic Gyre 

3. North Pacific Gyre 

4. South Atlantic Gyre 

5. South Pacific Gyre 

 

 

The center of these gyres are large areas 

of stationary and calm water and the debris drift into these areas and, due to the region’s lack of 

movement, accumulate for long periods. 

 The boundaries of the gyres are affected by the continents presence and Earth’s 

sphericity and difference in the Coriolis Effect along the latitudes (the ‘beta’ effect). The results 

are the western intensification of the currents and large upwelling regions in the eastern side of 

the oceanic basin. For example: the Gulf Stream and the strong upwelling in Chile and Peru 

waters. This phenomenon is also a good example on how it would not be possible for the Earth 

to be a flat planet, as some new movements say nowadays.  

The ocean currents connect all ocean basins and the ocean circulation transport and 

redistribute heat throughout these basins, from the tropical to the poles, contributing for climate 

equilibrium. 
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Thermohaline circulation 

Geologically, ocean basins are large geologic basins that are below sea level. The three 

major ocean basins are: Pacific, Atlantic and Indian basins, which are also subdivided in 

regional basins. 

Above the oceanic basins there is 

the global ocean conveyor belt: a constantly 

meridional moving system driven by 

temperature and salinity. The great ocean 

conveyor moves water around the globe and 

contribute to the climate regulation i.e., the 

excess heat from warm regions is 

transported to coldest areas.  

The conveyor belt begins on the 

surface of the ocean near the pole in the 

North Atlantic. There, the dense-cold-salty 

water sinks toward the ocean bottom. 

Surface water moves in to replace the sinking water creating a current. This deep water moves 

south and as it moves around Antarctica, two sections split off the conveyor and turn northward. 

One section moves into the Indian Ocean, the other into the Pacific Ocean. These two sections 

become warmer and less dense as they travel northward toward the equator, so that they rise to 

the surface. They then loop back southward and westward to the South Atlantic, eventually 

returning to the North Atlantic, where the cycle begins again. Each cycle has a time lapse of 

around 1000 years. 

 

Climate Change 

The conveyor Belt’s meridional overturning circulation (MOC) is a crucial mechanism for 

the maintenance of climate on the Earth. Studies have shown a significant correlation between 

the weakening of the MOC and abrupt climate change.  

The Atlantic Meridional Overturning Circulation (AMOC) works moving warm from the 

Gulf Stream to North America’s east coast and then shunting it toward Europe. This movement 

of warm water has a direct effect in the European weather, making it warmer than Canada. 

Recent paleoclimate studies found a weak period of the AMOC during the Last Ice Age, about 

20 thousand years ago, showing the importance of this process for the global climate. Studies 

on foraminifera assemblages from Atlantic cores also shows relationship between Indian ocean 

waters (Agulhas leakage) and Ice ages. 

In the global warming theory, the melting of the subpolar North Atlantic ice sheets will 

input into the oceans enough freshwater to weaken the AMOC by interrupting the Gulf Stream 

to reach greater latitudes. The results would be colder winds reaching Europe and an 

interruption of the sinking cold waters that drives the thermohaline circulation. 

The increasing atmosphere concentration of certain gases, such as carbon dioxide and 

methane, can lead to the disequilibrium of the radiative balance, resulting in the increase of the 

planet’s mean temperature (the greenhouse effect). The atmosphere acts like a blank to the 

planet: it maintains the heat of the planet. Otherwise, if we “lose” atmosphere, the planet will get 

colder. But the opposite is happening: it’s like the planet has two blanks on it, so it’s getting 

hotter. Besides the sea level rise, the increasing of 1 degree Celsius is enough to start melting 

ice, so all the processes described above will be able to happen (it have already started).  

Observation is the most important step to study any environmental process and in order 

to understand these processes, computer models are a great tool. However, they need 

observed data to validate and the ocean is huge, complex and with many data gaps. An attempt 

to fill these observational gaps, the database initiatives such as the Global Ocean Observing 

System (GOOS) are aiming a better understanding on how the oceans work and what are the 

changes happening worldwide. 


