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Pop Quiz

What is the predicted strength of the 
currently developing El Niño?

















mP = maritime polar
cP = continental polar
mT = maritime tropical
cT = continental tropical



Spatial Variability of Precipitation

3 hour forecast precipitation, July 2003











Lifting Mechanisms that form 
Clouds

• Orographic lifting
• Frontal lifting
• Convection
• Convergence



Fig. 4.12



Rising Air Cools

• As air rises, it cools 
“adiabatically” that is 
it does not exchange 
heat with its 
surroundings (they 
are cooling similarly)

• Lapse rate ranges:
– ~6°C/km Wet
– ~10°C/km Dry

http://ess.geology.ufl.edu/ess/Notes/AtmosphericCirculation/lapserate.jpeg



Forms of Precipitation

Precipitation 

Liquid (Rainfall)

Solid (Ice)

Snow (vapor condensed
to ice) 

Hail (water condensed
to ice) 



How Cloud Droplets Form

• Cloud condensation nuclei
• Usually aerosols
• Depends on temperature and water vapor 

content



Water droplets form in clouds



Water drops fall with a terminal 
velocity

Generally D < 3mm

Fg = weight of drop

Fb = buoyancy force on drop

Fd = drag force of air on drop

At equilibrium Fg – Fb – Fd = 0



Terminal Velocity
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36817.02 3/4baseball

34776.42 1/2tennis ball

31695.12hen egg

29644.41 3/4golf ball

27603.81 1/2walnut

24543.21 1/4half dollar

22492.51quarter

21462.27/8nickel

18401.93/4penny

17381.87/10dime

16351.31/2marble

11240.641/4pea
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m/smphcm.in.

Updraft SpeedMeasurement
Hailstone size



Downbursts





Lightning: Charge Separation





Fig. 4.13



Fig. 4.26






