
Atmos 5300
Review, Dec 9, 2020



• Can you print a plot for the exam?


• You can each ask for one hint during the exam via private 
chat.



• Winter time BL 

• Compare soundings and diurnal cycle SLC now vs Sep.


• What would happen with a snow covered valley?


• What happens if BL becomes cloud-capped?


• What does it take to ventilate the CAP?


• Surface layer wind profiles 

• How to determine z0? What if SL is not neutral?


• How do variations in stability (and L) affect the profile?
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ground.  The result is a stable ABL.  The bottom por-
tion of this stable ABL is the surface layer (again not 
labeled in Fig. 18.11b, but sketched in Fig. 18.12b).
 Above the stable ABL is the residual layer.  It has 
not felt the cooling from the ground, and hence re-
tains the adiabatic lapse rate from the mixed layer 
of the previous day.  Above that is the capping tem-
perature inversion, which is the non-turbulent rem-
nant of the entrainment zone.  

18.4.2.2. Seasonal Differences
 During summer at mid- and high-latitudes, 
days are longer than nights, allowing more heating 
to occur during day than cooling at night for fair 
weather over land.  This causes net heating over a 
24-h period, as illustrated in Figs. 18.13 a & b.  The 
convective mixed layer starts shallow in the morn-
ing, but rapidly grows through the residual layer.  
In the afternoon, it continues to rise slowly into the 
free atmosphere.  If the air contains sufficient mois-
ture, cumuliform clouds can exist.  At night, cooling 

creates a shallow stable ABL near the ground, but 
leaves a thick residual layer above it.
 During winter at mid- and high-latitudes, more 
cooling occurs during the long nights than heat-
ing during the short days, in fair weather.  Stable 
ABLs dominate over land, and there is net tempera-
ture decrease over 24 hours (Figs. 18.13 c & d).  Any 
non-frontal clouds present are typically stratiform or 
fog.  Any residual layer that forms early in the night 
is quickly consumed by the growing stable ABL.
 Fig. 18.14 shows the corresponding structure of 
the ABL.  Although both the mixed layer and re-
sidual layer have nearly adiabatic temperature pro-
files, the mixed layer is nonlocally unstable, while 
the residual layer is neutral.  This difference causes 
pollutants to disperse at different rates in those two 
regions. 
 If the wind moves ABL air over surfaces of dif-
ferent temperatures, then ABL structures can evolve 
in space, rather than in time.  For example, suppose 
the numbers along the abscissa  in Fig. 18.14b repre-

Figure 18.13
Evolution of potential temperature θ profiles for fair weather 
over land.  Curves are labeled with local time in hours.  The 
summer nighttime curves begin at 18 h local time, which rough-
ly corresponds to the final sounding from the previous day.  
Winter has shorter daylight hours, so the evening transition oc-
curs at 16 h local time, in this midlatitude idealization.
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Figure 18.14
Daily evolution of boundary-layer structure for summer and 
winter, for fair weather over land.  CI = Capping Inversion.  
Shading indicates static stability: tan = unstable, green = neu-
tral (as in the RL), darker blues = stronger static stabilities. 
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ground.  The result is a stable ABL.  The bottom por-
tion of this stable ABL is the surface layer (again not 
labeled in Fig. 18.11b, but sketched in Fig. 18.12b).
 Above the stable ABL is the residual layer.  It has 
not felt the cooling from the ground, and hence re-
tains the adiabatic lapse rate from the mixed layer 
of the previous day.  Above that is the capping tem-
perature inversion, which is the non-turbulent rem-
nant of the entrainment zone.  

18.4.2.2. Seasonal Differences
 During summer at mid- and high-latitudes, 
days are longer than nights, allowing more heating 
to occur during day than cooling at night for fair 
weather over land.  This causes net heating over a 
24-h period, as illustrated in Figs. 18.13 a & b.  The 
convective mixed layer starts shallow in the morn-
ing, but rapidly grows through the residual layer.  
In the afternoon, it continues to rise slowly into the 
free atmosphere.  If the air contains sufficient mois-
ture, cumuliform clouds can exist.  At night, cooling 

creates a shallow stable ABL near the ground, but 
leaves a thick residual layer above it.
 During winter at mid- and high-latitudes, more 
cooling occurs during the long nights than heat-
ing during the short days, in fair weather.  Stable 
ABLs dominate over land, and there is net tempera-
ture decrease over 24 hours (Figs. 18.13 c & d).  Any 
non-frontal clouds present are typically stratiform or 
fog.  Any residual layer that forms early in the night 
is quickly consumed by the growing stable ABL.
 Fig. 18.14 shows the corresponding structure of 
the ABL.  Although both the mixed layer and re-
sidual layer have nearly adiabatic temperature pro-
files, the mixed layer is nonlocally unstable, while 
the residual layer is neutral.  This difference causes 
pollutants to disperse at different rates in those two 
regions. 
 If the wind moves ABL air over surfaces of dif-
ferent temperatures, then ABL structures can evolve 
in space, rather than in time.  For example, suppose 
the numbers along the abscissa  in Fig. 18.14b repre-

Figure 18.13
Evolution of potential temperature θ profiles for fair weather 
over land.  Curves are labeled with local time in hours.  The 
summer nighttime curves begin at 18 h local time, which rough-
ly corresponds to the final sounding from the previous day.  
Winter has shorter daylight hours, so the evening transition oc-
curs at 16 h local time, in this midlatitude idealization.
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Figure 18.14
Daily evolution of boundary-layer structure for summer and 
winter, for fair weather over land.  CI = Capping Inversion.  
Shading indicates static stability: tan = unstable, green = neu-
tral (as in the RL), darker blues = stronger static stabilities. 
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 For synoptic-scale low-pressure systems, it is dif-
ficult to define a separate ABL, so boundary-layer 
meteorologists study the air below cloud base.  The 
remainder of this chapter focuses on fair-weather 
ABLs associated with high-pressure systems.

18.3. ABL STRUCTURE AND EVOLUTION

 The fair-weather ABL consists of the components 
sketched in Fig. 18.8.  During daytime there is a stat-
ically unstable mixed layer (ML).  At night, a stat-
ically stable boundary layer (SBL) forms under a 
statically neutral residual layer (RL).  The RL con-
tains the pollutants and moisture from the previous 
day’s mixed layer, but is not very turbulent. 
 The bottom 20 to 200 m of the ABL is called the 
surface layer (SL, Fig. 18.9).  Here frictional drag, 
heat conduction, and evaporation from the surface 
cause substantial variations of wind speed, tempera-
ture, and humidity with height.  However, turbulent 
fluxes are relatively uniform with height; hence, the 
surface layer is known as the constant flux layer.
 Separating the free atmosphere (FA) from the 
mixed layer is a strongly stable entrainment zone 
(EZ) of intermittent turbulence.  Mixed-layer depth  
zi  is the distance between the ground and the mid-
dle of the EZ.  At night, turbulence in the EZ ceases, 
leaving a non-turbulent layer called the capping 
inversion (CI) that is still strongly statically stable. 
 Typical vertical profiles of temperature, poten-
tial temperature, humidity (mixing ratio), and wind 
speed are sketched in Fig. 18.9.  The “day” portion 
(Fig. 18.9a) corresponds to the 3 PM time indicated 
in Fig. 18.8, while “night” (Fig. 18.9b) is for 3 AM.  
 Next, we will look at ABL temperature, winds, 
and turbulence in more detail.    

Figure 18.7b
Idealized venting of ABL air away from the surface during 
stormy weather.
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Components of the boundary layer during fair weather in sum-
mer over land.  Tan indicates nonlocally statically unstable air, 
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Insert sequences of soundings here
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Insert wind profiles with different L, for same u* and zo

Insert wind profiles with different u*, for same L and zo
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