The Coriolis Effect

Some vocabulary:

Prevailing winds

Equatorial regions

Polar regions

mid-latitudes

Other basic ideas – air moves in two directions, vertical and horizontal. When talking about low and high pressure systems, we are usually talking about vertical movement of air. The place at the surface where air is leaving is a low pressure point. The place at the surface where air is sinking to, is a high pressure point. There can also be high and low pressure areas high in the troposphere where air is rising to or sinking from. We don’t usually talk about these in high school earth science.

Horizontal movement of air is air leaving a high pressure area to flow to a low pressure area. This is wind. Air is moving horizontally, along the surface of the earth. 

What causes the prevailing winds of global circulation? 

Because of the tilt of the Earth, the sun is always between 23.4 degree N and 23.4 degrees S. Because of this, the tropical regions receive more solar energy per square kilometer than the polar regions.

Single Cell Model:

Since the sun shines more strongly on the equatorial regions, the air there would be heating to a greater degree than at the poles.

1. This hot air would rise, creating an equatorial low pressure system.

2. This low pressure system would draw in air from the mid-latitudes.

3. Meanwhile, the air in the atmosphere would be spreading out towards the poles.

4. This air would be cooling (due to lower pressure as it rises) and would eventually sink at the poles, creating a high pressure region there.

5. Finally, this high pressure region would help push air back towards the equator.

6.  This movement of air in a circular pattern is called a single cell model.

Once started, this convection cell would continue on both sides of the equator. 

To explain cause of the "Tradewinds," Edmund Halley first postulated the existence of convection cells in the earth's atmosphere in 1686. In 1735, George Hadley extended Halley's explanation by adding the Coriolis effect (it didn't have that name at that time-- Gaspard de Coriolis later explained the mathematics behind the effect, and it has been named after him) which explained the easterly component of the tradewinds.

Three cell model:
Upon close inspection of prevailing winds and pressure regions, it was concluded that there are actually three cells. The existence of these cells is driven by the Coriolis effect (we will talk about that later). The three cells act like gears, each assisting the one next to it. Looking at the troposphere and moving from the equator to the poles, we notice 4 things:
1. The Equatorial Low, or Intertropical Convergence Zone (ITCZ) is where warm air rises causing winds to converge on the equator.
2. The Subtropical High is where cooler air sinks in the mid latitudes to create a high pressure region.
3. The Subpolar Low is where air rises in the far northern and southern regions. The exact nature and strength of this region is not as well understood. The two convection cells on either side are also not that strong, and are more theoretical than real.
4. The Polar High is where cool air descends at the north pole and the south poie to create another high pressure zone.
Prevailing winds due to cells:
The existence of these cells creates a prevailing wind pattern moving from high pressure regions on earth to low pressure regions. These patterns move across different latitudes on the earth.  Looking at just the northern hemisphere, on the earth’s surface, wind is moving from about 30 degrees north towards the equator. Air, or wind, is also moving away from 30 degrees north toward 60 degrees north. Air is also coming from 90 degrees north (the north pole). So air is moving away from the 30 degree latitude and the north pole. Air is moving toward equator and the 60 degree latitude. The same pattern is found in the southern hemisphere. 
This pattern, however, is an extreme over simplification. One major additional contributor to the pattern is the "Coriolis effect." The Coriolis effect is the observation that an object moving perpendicular to the rotation of a sphere (for example, moving north or south on the earth which rotates east-west) will not travel in an apparent straight line, but will curve in a specific direction. This is called the Coriolis effect because the wind is not actually changing direction, it's the earth that's moving below it.
Changes due to Coriolis effect:
Naming of winds:
Winds are named by where they come from, so N.E. tradewinds are blowing towards the S.W. It is not just an East wind or a west wind. The winds appear to curve.
Since the Earth is rotating to the East, air has momentum in that direction. Now comes the hard part. We'll look at the northern hemisphere first. The southern just mirrors it. We'll round off numbers here:
Since the Earth is rotating to the East, air has momentum in that direction.

Let's assume the earth is 24,000 miles in circumference at the equator. 

At the equator the land is moving 1,000 miles per hour to the east. 

At 30ºN it's 20,785 miles around, and the speed is 866 mph


(134 less than equator)
At 60ºN it's 12,000 miles, and 500 mph (366 less than 30ºN)
At the North Pole, it's 0 miles and 0 mph (500 mph less than 60ºN)
Notice that the change in speed increases close to the poles. This results in the Coriolis effect being strongest at the poles, and weakest at the equator. 
it's the inertia of the winds while the earth spins under them that generates the appearance of winds moving east or west.
Eastward speed of air moving towards the equator from Subtropical High is 866 mph . As wind moves south, land is moving faster, so the apparent motion of the wind is to the west. Thus, we have winds blowing toward the southwest, which are then called N.E. Tradewinds.

The eastward speed of air moving towards the north pole from Subtropical High is 866 mph. As wind moves north the land is moving slower so the apparent motion of the wind is to the east. Thus, we have winds blowing toward the northeast. In this case they are just called the westerlies.
Air moving from the polar high towards the equator has no eastward speed. As it moves south the land is moving faster so the wind has an apparent west motion. Thus, they are called easterlies.
Force or Effect?
The Coriolis effect is often referred to as the Coriolis force, but this is technically inaccurate. A force acts on something to change its motion. Since objects subject to Coriolis are actually moving in a straight line, no force has been exerted on them. Thus, the more accurate name is the Coriolis effect.
