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Define Boundary Layer

Stull (1988) defined the atmospheric
boundary layer as "the part of the
troposphere that is directly influenced by
the presence of the earth's surface, and
responds to surface forcings with a time
scale of about an hour or less."



Typical Boundary Layer Depths and
time-scales

Clear-air Convective 30 mins/1 km
Cumulus Topped Boundary Layer 30 mins/1 km

Stratocumulus Topped Boundary 1 hour/1-1.5 km
Layer

Deep Convection 30-60 min/~10-15 km

Stull (1988)



Sources of Turbulence
de

a—+ﬁ-VE=S+B+T+D
t

e = Ensemble Mean Turbulent Kinetic Energy

S = Shear term. Change in winds with height.
Always positive

B = Buoyancy term. e.g. surface heating, evaporation, radiative
cooling, latent heating etc. Can be Positive or negative

T = Transport term. e.g. pressure perturbation term.
Redistributes turbulence

D = Dissipation term. Always negative



Global Boundary Layer Depth

« NCEP reanalysis long-
term (1981-2010) mean.

* 3 hourly values for the
entire year in meters.



Konor et al. 2009
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Boundary Layer

» Stratocumulus Topped Marine Boundary
Layers

» Cumulus Topped Boundary Layer
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« VAMOS Ocean-Cloud-
Atmosphere-Land Study
(VOCALS)

 Use observations made

onboard R/V Ronald H.
Brown
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 Characterize the dynamical structure of the entire
stratocumulus topped boundary layer.

 Contrast Coupled Vs Decoupled Conditions
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 Variance of Vertical Velocity peaks near cloud base.

« Skewness of vertical velocity is negative in the entire
boundary layer ... downdrafts stronger than updrafts.
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Few Conclusions

 Coherent updraft and downdrafts spanning
through entire BL were observed during
both coupled and decoupled conditions.

» Skewness of vertical velocity was positive
in the lower third of BL during decoupled
conditions.
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Cumulus Topped Boundary Layer

» Characterize the dynamical structure of
the boundary layer.

« Understand the changes in the boundary
layer with forcing.
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Doppler Lidar Vertical Velocity
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. Surface Conditions
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20130115 Turbulent eddy dissipation rate frem Tropical West Pacific, Darwin
S

2013011€ Turbulent eddy dissipation rate frem Tropical West Pacific, Darwin
{a) Attennated backscatter coefficient
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Doppler Lidar Vertical Velocity
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Question

* Why is the LCL lower than the cloud
base height during the nighttime (12-21)
and comparable to the cloud base during
the daytime (22-33)?



THE END
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ddapted from Meteorology for Scisntists and Eaginesrs, A
Technical Companion Book to C. Donald Zhrens' Meteorology
Today, 2nd Ed., by Stull, p. 57. Copyright 2000. Reprinted
with permission of Broocks/Cole, a division of Thomson
Learning: www.thonsonrights. com. Fax 800-720-2215.
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Today, 2nd Ed., by Stull, p. 69. Copyright 2000. Reprinted
with permission of Broocks/Cole, a division of Thomson
Learning: www. thomsonrights.com. Fax 800-730-2215.




A Phase 1 'Phase 2| Phase 3

N Nocturnal 'Rapid | Quasi-
= nversion  'Rise - steady
= Burn-off o

T

-1

km

sunrise mid-moming mid-afternoon

ddapted from R. B. Stull, &n Introduction to Boundary Laver
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Netherlands, 1988, Fig. 11.10, p. 452, and Fig. 13.12, p.
564, Copyright 1988 Kluwer Academic Publishers, with kind
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cloud fraction (%)

Active Cumuli penetrate
above the Level of Free
Convection (LFC).

The onset of "Thick Cumuli” is
a bit earlier than the "thin
Cumuli”.

The vertical extent depend on
large-scale upper-level
humidity.
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