


Wind is simply air in motion 

Wind is a vector: it has a magnitude and a direction 
For example, you are driving south down Main St at 45 

mph

Wind speed is measured in different ways…
Miles per hour (mph)
Nautical miles per hour (knots) 
Meters per second (m/s) 



WIND

 Wind 
direction is 
described 
by where the 
wind is 
coming from.

http://weather.rap.ucar.edu/surface/displaySfc.php?region=mgm&endDate=20161005&endTime=-1&duration=0


 In order for anything to 
accelerate (move), a force
has to be applied. Air 
molecules are no different. 

Force = Mass x 
Acceleration

Acceleration = Force / 
Mass 

The movement / 
acceleration of air (wind) is 
caused by an imbalance of 
forces.





Forces are responsible for both the magnitude 
and direction of the wind. We will discuss

Pressure Gradient Force

Gravity 

Coriolis Force (due to Earth’s rotation)

Centrifugal Force

Friction 



Attraction of two objects to each other

 Inversely proportional to the distance
between the two objects. 

For us, gravity works downwards towards 
Earth’s surface at 9.8 m/s2.

Gravitational Force is balance by another 
force…



The force due to a change in pressure over some 
distance. 

Always directed from higher pressure to lower
pressure:

 The greater the pressure difference over some distance, the 
greater the force. The greater the force, the faster the wind 
blows. 



This force can act horizontally (HPGF) or 
vertically (VPGF) 



How is the 
vertical 
pressure 
gradient 
oriented? 

What should 
this pressure 
gradient do? 



This force is mostly responsible for the wind.

Remember, this force is based on differences in 
pressure. 

We display these difference in pressure with isobars –
or lines constant pressure. 

The closer the isobars  the greater the pressure 
difference  the stronger the wind. 
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These forces are responsible for both the 
magnitude and direction of the wind. We will 
discuss: 
Pressure Gradient Force

Gravity

Coriolis Force (due to Earth’s rotation)

Centrifugal Force

Friction 



The apparent turning, or deflection, of the wind due to 
Earth’s rotation. 

Called an “apparent” because it depends on your 
frame of reference. We are standing on a rotating 
earth observing wind that above the rotating earth.

Called a force because it causes an acceleration: a 
change in the wind direction. 





CORIOLIS FORCE 

• Objects appear to 
be deflected to the 
right (following the 
motion) in the 
Northern 
Hemisphere

• Opposite in the 
Southern 
Hemisphere

http://www.classzone.com/books/earth_science/terc/content/visualizations/es1904/es1904page01.cfm


Acts at a right angle to the wind

 In the Northern Hemisphere, air is deflected to the 
right of the direction of motion.

Only changes the direction of moving air, not the wind 
speed 

Depends on 2 things : 
Latitude 
Wind speed 



This force is 
greater at 
higher
latitude. 
Maximum at 
the poles 
and 0 at the 
equator. 



The faster the wind speed, the greater the effect of 
this force. In other words, the faster the wind speed, 
the more the wind turns to the right (northern 
hemisphere) 

If there is no 
wind, there is 
no Coriolis! 



These forces are responsible for both the 
magnitude and direction of the wind. We will 
discuss: 
Pressure Gradient Force

Gravity

Coriolis Force (due to Earth’s rotation)

Centrifugal Force

Friction 



Similar to Coriolis, in that it is an apparent 
force. 

Considering going around a sharp turn in 
a car. Your body wants to keep going 
forward, but it is forced to turn by the car. 
Which way do you lean in your seat?

Centrifugal force acts in the direction 
away from the center of the curve 





Like Coriolis, centrifugal force is greater 
for faster wind speeds 
 Again, think about going around a sharp curve 

really fast vs. going around a sharp curve very 
slow. 

Centrifugal force is also greater for 
“shaper” curves. Put another way, the 
smaller the radius of the curve, the greater 
the centrifugal force 

 If there is no curvature (or wind speed), no 
centrifugal force! 



These forces are responsible for both the 
magnitude and direction of the wind. We will 
discuss: 
Pressure Gradient Force

Gravity

Coriolis Force (due to Earth’s rotation)

Centrifugal Force

Friction 



This force causes a slowing, or deceleration, of the 
wind near the surface of the Earth .

This force is based on wind speed and the roughness
of the underlying surface. 

Magnitude of the deceleration increases with increasing 
wind speed 

 Frictional force going to be stronger over a forest of tall trees 
than over a large, smooth body of water . 



Quantified via: 
Drag Coefficient 
Roughness length

http://www.google.com/url?sa=i&rct=j&q=&source=images&cd=&cad=rja&docid=JVdIJ7IzoF1-HM&tbnid=pE2PrrVJzY5SJM:&ved=0CAUQjRw&url=http://archive.nrc-cnrc.gc.ca/eng/ibp/irc/cbd/building-digest-28.html&ei=yo_IUdDdHYjO8QTOsoHIAQ&bvm=bv.48293060,d.dmQ&psig=AFQjCNES07fFPt5ToWVN_p3DrkFNnaFo0Q&ust=1372184818150420


Drag – The frictional force 
between two objects (e.g. the 
air and the ground). 

One way we quantify that is 
through the aerodynamic 
roughness length, zo. 

 Roughness varies based on 
surface type. 
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