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Lesson 8
Pressure, forces, and wind

Left:  At the same temperature and 
pressure, both air columns have 
the same density and therefore the 
same height.

Right:  Air in City 1 is colder than 
city 2.  The colder air is more 
dense, and must therefore have a 
smaller height (for the same 
pressure).

Pressure gradient force in action

0.  Air in column 2 warms & expands.

1. Horizontal pressure gradient develops at 
each altitude between each column.

• Air moves from warm column 
(where pressure is higher) to cold 
column (where pressure is lower) –
in response to horizontal PGF 

2. Mass moves 

• from warm column � cold column

• SURFACE pressure therefore 
decreases in warm column and 
increases in cold column

3. …And… a second pressure gradient 
force – and wind flow from cold column 
to warm column – develops at the 
surface
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Height of the 500 mb
surface (in meters): 
elevation above sea 
level of the 500 mb
surface

If no horizontal 
temperature variation, 
500 mb surface will 
be flat 

**UNREALISTIC**

Horizontal
Temperature
Variation =>

Horizontal
Pressure
Variation

(THE REAL 
ATMOSPHERE)

500 mb surface:
- higher in warm air
- lower in cold air

• Constant 
pressure 
surface slopes 
– Depends on 

temperature 
of the air 
below it

• Resulting 
chart plots 
heights of 
pressure 
surface
– “Constant 

pressure 
chart”
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• 500 mb 
constant 
pressure 
surface

– Is three-
dimensional

• “Ridges”
– indicate 

regions of 
higher heights

• “Troughs”
– indicate 

regions of 
lower heights

500 mb observations

Temperature, dew point temperature, 
wind speed & direction, and geopotential 
height (in decameters… 586dm = 5860m)

Comparison: surface and upper-level

1. Gray isopleths: isoheight lines (height of the 
500 mb surface)
2. Red-dashed isopleths: isotherms 
(temperatures at the 500 mb surface)

NOTE: Coldest air is located in 500mb trough; 
warmest air in 500mb ridge

Surface lows (L) and highs (H) are defined as closed 
isobars on the surface map
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Comparison: surface and upper-level

Comparison: surface and upper-level

• Notice the surface pressure features are located 
to the east of their upper-level components

Flow aloft is connected 
to flow at surface
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Real Atmosphere:  Gradient Wind vs. Near-Surface Wind. The frictional force 
(Fr) on air parcels near the earth’s surface adds to net force acting on an air parcel.

NO Friction aloft

Friction near the surface

• Pressure 
gradient 
force (PGF) 
in action

• Fluid moves 
from high 
to low in 
response to 
pressure 
gradient 
force
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4mb
Pressure gradient force (pgf) = 

100km

dp p

dx x

∆≡ =
∆

PGF = Pressure Gradient Force (always directed from high towards low pressure)

Other forces acting on air parcels

•Coriolis force: 
another 
important force 
in atmosphere
–Depends on:

•Latitude
–More poleward the 
location, greater 
the Coriolis force

•Horizontal wind 
speed
–Faster the wind 
speed, stronger 
the Coriolis force
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• Coriolis force is both a 
function of latitude and 
speed
– Higher latitudes & faster 

speeds = more Coriolis force

Deflection is to the 
RIGHT of velocity 

vector in N. 
Hemisphere

ˆ
corF fk V= ×
��

�

( )2 sinf φ= Ω

V = wind speed
Ω = earth angular 
velocity, 7.27 x 10-5 s-1

= latitudeφ

Geostrophic wind: a FORCE BALANCE between PGF & CF.

--Valid for STRAIGHT (non-curved) flow and zero friction

• Air parcels moving 
above the surface of 
the earth 

•Often achieve special 
kind of balance 
between forces:

•Geostrophic 
Balance

• Geostrophic wind:

•Balance between 
pressure gradient 
force and Coriolis 
force

In the Northern 
Hemisphere,  
stand with the 
wind at your back, 
lower pressure will 
be to your left and 
higher pressure to 
your right. 
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• Compare Geostrophic Wind to velocities in a narrowing 
of a stream:
– When banks are closer together, stream flows faster
– When height contours are closer together, air moves faster

• PGF increases 
– due to closer spacing of contours (i.e., denominator gets smaller so 

dp/dy is larger)
• Wind moves faster in response to larger PGF
• Coriolis immediately gets larger b/c is proportional to velocity

What happens when the flow is frictionless (i.e., 
inviscid) but still curved?

– Flow stays parallel to contours
– Curvature introduces another force on the parcel:

• Centrifugal force
– Always acts outward along the radius of curvature

Curved Flow (REAL ATMOSPHERE) – Parallel to contours: GRADIENT WIND

In curved flow
there must
be a 

NET FORCE

acting
TOWARDS
The CENTER
of curvature
to keep the 
parcel in its
curved path.

Net force called 
“centripetal force”
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In curved flow
there must
be a 

NET FORCE

acting
TOWARDS
The CENTER
of curvature
to keep the 
parcel in its
curved path.

Net force called 
“centripetal force”

Friction
• Drag exerted by surface 

of earth
• Acts to change wind 

direction
– Surface winds cross 

isobars by 30°
– Slows surface wind so 

not as fast as upper-level 
winds

• Determined by local 
ground cover

– Smooth ocean surface 
exerts less friction than 
rocky or tree-covered 
surface


