Ocean Currents
As we have seen, the movement of the atmosphere is strongly influenced by the input of heat from the surface. We have also seen that land and water undergo differential rates of heating and cooling; in part this is because of the vertical and horizontal motions of the water’s surface. Now, we will take a closer look at how the movement of the oceanic waters influences the distribution of pressure and wind, and how pressure and wind influence the movement of the ocean. 
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Ocean currents are horizontal movements of surface water and are often found along the rims of the major basins. These currents have a great impact on the exchange of energy and moisture between the oceans and the lower atmosphere. In many instances their effect on climate is conspicuous, with warm ocean currents, for example, favoring the existence of warm, humid air. 
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Ocean currents are driven by winds in the lower atmosphere that exert a drag on the water. Contrary to what you might expect, the surface water moves not in the same direction as the wind, but at an angle of 45° to the right of the air flow in the northern hemisphere (to the left in the southern hemisphere). Furthermore, neither the direction nor the speed of the current is uniform with depth. The current turns increasingly to the right (in the northern hemisphere) and decreases in speed at greater depths. At about 100m below the surface, the direction of the current approaches 180° to the direction of the wind, and the current dies out. This pattern is known as the Ekman spiral (figure 1)
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Surface Currents

In the Northern Hemisphere, warm air around the equator rises and flows north toward the pole. As the air moves away from the equator, the Coriolis effect deflects it toward the right. It cools and descends near 30 degrees North latitude. The descending air blows from the northeast to the southwest, back toward the equator (Ross, 1995). A similar wind pattern occurs in the Southern Hemisphere; these winds blow from the southeast toward the northwest and descend near 30 degrees South latitude.

These prevailing winds, known as the trade winds, meet at the Intertropical Convergence Zone (also called the doldrums) between 5 degrees North and 5 degrees South latitude, where the winds are calm. The remaining air (air that does not descend at 30 degrees North or South latitude) continues toward the poles and is known as the westerly winds, or westerlies. The trade winds are so named because ships have historically taken advantage of them to aid their journies between Europe and the Americas (Bowditch, 1995).

Global winds drag on the water’s surface, causing it to move and build up in the direction that the wind is blowing. And just as the Coriolis effect deflects winds to the right in the Northern Hemisphere and to the left in the Southern Hemisphere, it also results in the deflection of major surface ocean currents to the right in the Northern Hemisphere (in a clockwise spiral) and to the left in the Southern Hemisphere (in a counter-clockwise spiral). These major spirals of ocean-circling currents are called “gyres” and occur north and south of the equator. They do not occur at the equator, where the Coriolis effect is not present (Ross, 1995). There are five major ocean-wide gyres—the North Atlantic, South Atlantic, North Pacific, South Pacific, and Indian Ocean gyres. Each is flanked by a strong and narrow “western boundary current,” and a weak and broad “eastern boundary current” (Ross, 1995). 

One particularly powerful western boundary current is the Gulf Stream. The Gulf Stream, paired with the eastern boundary Canary Current, flanks the North Atlantic gyre. The Gulf Stream, also called the North Atlantic Drift, originates in the Gulf of Mexico, exits through the Strait of Florida, and follows the eastern coastline of the United States and Newfoundland. It travels at speeds of 25 to 75 miles per day at about one to three knots (1.15-3.45 miles per hour or 1.85-5.55 kilometers per hour). It influences the climate of the east coast of Florida, keeping temperatures warmer in the winter and cooler than the other southeastern states in the summer. Since it also extends toward Europe, it warms western European countries as well.

The Global Conveyor Belt

Winds drive ocean currents in the upper 100 meters of the ocean’s surface. However, ocean currents also flow thousands of meters below the surface. These deep-ocean currents are driven by differences in the water’s density, which is controlled by temperature (thermo) and salinity (haline). This process is known as thermohaline circulation.

In the Earth's polar regions ocean water gets very cold, forming sea ice. As a consequence the surrounding seawater gets saltier, because when sea ice forms, the salt is left behind. As the seawater gets saltier, its density increases, and it starts to sink. Surface water is pulled in to replace the sinking water, which in turn eventually becomes cold and salty enough to sink. This initiates the deep-ocean currents driving the global conveyer belt.

Thermohaline circulation drives a global-scale system of currents called the “global conveyor belt.” The conveyor belt begins on the surface of the ocean near the pole in the North Atlantic. Here, the water is chilled by arctic temperatures. It also gets saltier because when sea ice forms, the salt does not freeze and is left behind in the surrounding water. The cold water is now more dense, due to the added salts, and sinks toward the ocean bottom. Surface water moves in to replace the sinking water, thus creating a current.

This deep water moves south, between the continents, past the equator, and down to the ends of Africa and South America. The current travels around the edge of Antarctica, where the water cools and sinks again, as it does in the North Atlantic. Thus, the conveyor belt gets "recharged." 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 that split off warm up and become less dense as they travel northward toward the equator, so that they rise to the surface (upwelling). They then loop back southward and westward to the South Atlantic, eventually returning to the North Atlantic, where the cycle begins again.

The conveyor belt moves at much slower speeds (a few centimeters per second) than wind-driven or tidal currents (tens to hundreds of centimeters per second). It is estimated that any given cubic meter of water takes about 1,000 years to complete the journey along the global conveyor belt. In addition, the conveyor moves an immense volume of water—more than 100 times the flow of the Amazon River (Ross, 1995).

The conveyor belt is also a vital component of the global ocean nutrient and carbon dioxide cycles. Warm surface waters are depleted of nutrients and carbon dioxide, but they are enriched again as they travel through the conveyor belt as deep or bottom layers. The base of the world’s food chain depends on the cool, nutrient-rich waters that support the growth of algae and seaweed.

The global conveyor belt is a strong, but easily disrupted process. Research suggests that the conveyor belt may be affected by climate change. If global warming results in increased rainfall in the North Atlantic, and the melting of glaciers and sea ice, the influx of warm freshwater onto the sea surface could block the formation of sea ice, disrupting the sinking of cold, salty water. This sequence of events could slow or even stop the conveyor belt, which could result in potentially drastic temperature changes in Europe.

How are currents measured?
Since the age of exploration, mariners have needed to know the speed and direction (velocity) of ocean currents to steer their ships within harbors and along trade and exploration routes. A mariner needs to be able to measure the velocity of currents by observing distance, time, and direction.

The simplest method of determining the velocity of a current involves an observer, a floating object or drifter, and a timing device. The observer stands on an anchored ship with a timer. He or she then places the drifter (such as a piece of wood) into the water and measures the amount of time the drifter takes to move along the length of the ship. He or she then stops the timer after the object has traveled some distance, and measures that distance, noting the direction in which the object moved.

The observer then divides the distance the object traveled by the time it took the object to travel that distance, which equals the speed of the current. By combining the speed of the object with the direction in which it moved, the observer can then determine the current’s velocity. Ocean currents typically are measured in knots.

Although they still follow the same essential concept to measure ocean currents, mariners today use more accurate and sophisticated instruments. Today, drifters are often elaborate buoys equipped with multiple oceanographic instruments. Some are equipped with global positioning system technology and satellite communications to relay their position in the ocean back to observers on land. Other drifters submerge for long periods of time to measure the ocean currents at depth. The drifter occasionally rises to the surface to send a signal that relays its position.

All drifter measurements are termed “Lagrangian measurements,” named after mathematician Joseph Louis Lagrange (1736-1813), who first described the path followed by fluids. But current velocities can be measured another way as well—using “Eulerian measurements.” Named after Swiss mathematician Leonhard Euler (1707-1783), Eulerian measurements involve describing fluid flow by measuring the speed and direction of the fluid at one point only. In this method, an instrument is anchored in the ocean at a given location, and the water movement is measured as it flows past the instrument.

Measuring currents by Eulerian methods is becoming increasingly more common. One reason is that it is easier to retrieve these expensive but stationary instruments than it is to locate floating drifters.

Current measurements are important to shipping, commercial fishing, recreational boating, and safety. By using predicted, real-time and short-term forecasted currents, people can safely dock and undock ships, maneuver them in confined waterways and safely navigate through coastal waters. With this information, merchandise and people can arrive on schedule. Lack of this knowledge can lead to collisions and delayed arrivals.

Search-and-rescue personnel can use real-time and predicted current patterns to determine where the water may carry a missing person or floating object(s). Geographic Information Systems (GIS) programs are used to assist in search-and-rescue efforts as well. These programs use the last-known position of the lost person or item(s), predicted and real-time current and weather data, and drift patterns to estimate the location of the person or item(s).

Hazardous material (HAZMAT) cleanup operations also use real-time and predicted current information. Hazardous materials such as oil and fuel from tankers, typically remain on or near the water’s surface, and travel with surface currents and winds. Models created from high-frequency radar, satellite, and wind data help predict where the hazardous material will go.

NOAA’s Center for Operational Oceanographic Products and Services (CO-OPS) is working with a prototype of a quick-response buoy that can be deployed when a HAZMAT spill occurs. The buoy collects real-time current speed and direction, wind speed direction and gusts, barometric pressure, and water and air temperature. The buoy can be deployed for up to 30 days.

In addition, scientists study nutrient, sediment, and the concentration of chemicals which travel in the water column, to understand how currents transport these materials locally and globally.

Finally, currents affect swimmers and fishers. Localized currents can be observed in the form of rip currents at the beach, or a piece of floating wood meandering in different patterns in a tidal bay or river. Swimming at the beach near rip currents can be very dangerous. Before going to the beach, learn how to recognize rip currents and strong shore currents, and pay attention to the warning signs. Recreational and commercial fishers pay close attention to the timing and strength of currents to maximize their chances of catching fish.

Please answer the following questions on your own sheet of paper using complete sentences so that you can keep the reading as a reference in your binder.

1. Explain the difference between deep and surface currents.

2. What is the ultimate energy source for surface currents?

3. Describe what a gyre is.  What direction do gyres circulate in each hemisphere? 

4. Describe the two factors that cause the global conveyor belt of deep-water circulation.

5. How are ocean currents measured?
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