
fairweather Cu (humilis)

    TCu
(congestus)

Ch9. Condensation B.  Cloud & fog – mechanisms/types/classification.                   EAS270_Ch9_Condensation_B.odp
JDW, EAS U.Alberta, last mod. 2 Nov. 2016
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Equiv. to Fig 9.7

● buoyancy
● small scale
● "heapy"
● randomly distributed

● large scale convergence in mid-
latitude cyclones

● cover vast areas
● stratiform clouds (+ embedded 

convection?)

● frontal cloud
● stratiform & cumuliform types
● linear organization of lift

● orographic lift
● "tied" to topography

Sec 9.3. Cloud formation                                                                                                    2/14

associated
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Ch9. Cloud classification                                                                                                  3/14

Classify according to

● form (10 basic cloud types, or "genera")

● base height (low, middle, high)

or, "broken Sc"

(in which case, "nimbostratus")

Fig 9.14

cumulus congestus, towering Cu (TCu)
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Ch9. Cloud classification                                                                                                  4/15

Fig 9.18
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Ch9. Cloud classification                                                                                                  5/14

Fig 9.8 Fig 9.9
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Ch9. Formation of cumulus humilis cloud                                                                       6/14

Fig 9.13

Fig 9.12

Recall the LCL can be 
estimated from surface 
T, T

d
  by formula (Eq 

8.5) or on the skew-T 
chart

In this case a capping 

inversion limits the height to 

which thermals 

rise/convective cloud builds
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Ch9. Formation of a stratocumulus layer by mixing                                                         7/14

● initially, layer is conditionally (or absolutely) stable, and close to saturation

● wind results in vertical mixing: cooling aloft and warming at the base; ELR goes to the 
DALR; specific humidity becomes uniform, dewpoint profile goes to the isohume. Cloud 
base at the Mixing Condensation Level (MCL)

DALRDALR DALRDALR

Lapse rate of T
d
 

in well mixed 
layer parallels an 
"isohume"

Fig 9.21, 
(corrected)

?
why is cloud top here?
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Ch9. Development of breaks in layer cloud                                                                     8/14

Fig 9.16

Fig 9.19

● base of layer heated by upwelling 
longwave radiation

● top of layer cooled by longwave emission

● this destabilization permits small scale 
convection

● sinking parcels are warmed, cloud 
evaporates

Stratocumulus – a common cloud

● may result when a capping inversion 
just above the LCL forces plumes to 
spread laterally ("spreading out of 
cumulus clouds")

● or, may result from mixing
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Ch9. Cloud recognition:                                                                                                     9/14

UA grad student Bill 
Maynard measuring 
evapotranspiration

Ashley Downs, near Waiwera South 
(Otago, New Zealand) – a windy climate. 
Note shelterbelts

A windbreak study at Ellerslie

Which is/are: Cu? Sc? Status?
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 cooling

 “radiation fog” (“ground fog”) – due to radiational cooling**

 “advection fog,” eg. warm moist air advected over a cold surface

 “upslope fog”    (adiabatic expansion -> cooling)

 vapour addition (evaporation-mixing fog)

 eg. “steam fog,” cold air moving over warm water

** more precisely: ground cools radiatively, and air cools by 
contact (QH< 0) and by thermal radiation

 mixing fog

Ch9. Fog mechanisms & fog classification                                                                      10/14

Fig 9.24
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long, clear night; thin layer of moist air at ground overlain by drier air

moist layer not sufficiently thick to impede sfc radiative cooling

moist layer is chilled to its dewpoint and fog forms

a gentle breeze will deepen the fog layer

too much wind will prevent fog – mixes down warmer, drier air

cold air drainage induced by topography results in the fog forming in low-
lying areas (“valley fog”)

Ch9. Radiation fog – ideal conditions                                                                              11/14

Windsor Park School
Edmonton
0735 MDT Thurs 16 Oct. 2014

John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson




Precipitation fog

Cold layer

Raindrops 
falling into 
the cold layer 
evaporate, 
increasing its 
dewpoint

Steam fog

Fig 9.27

Ch9. Vapour addition fogs                                                                                              12/14



● two unsaturated parcels having equal mass

● after mixing, the temperature of the  resulting parcel is the average of the 
two

● and so is the mixing 
ratio

● but the resulting 
average mixing 
ratio exceeds the 
saturation mixing 
ratio (blue curve) – 
condensation 
results

Fig 7.10

Ch9. Fog brought about by mixing                                                                                 13/14

John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson




Complexity of fog formation – here a “steam fog” observed at dawn                              14/14
after a clear night over Pidgeon Lake, Sept. 96

Pidgeon Lake, due to its high heat capacity, is 
warmer on this autumn morning than the 
surrounding land that cooled rapidly overnight

• land radiatively cooled
• air above cooled by convection
• then advects over lake
• is moistened by evaporation
• reaches the dewpoint within a shallow layer

T

z
z

gentle breeze off the land

nocturnal 
radiation 
inversion

Cool, nearly saturated 
air drifts out over the 
warm lake…

… and mixes with 
warm, moist air

(see p236)

John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson



	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21

