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Boundary Layer and clouds
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Diurnal cycle of the surface and low troposphere
Definition of the planetary boundary layer (PBL)
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Surface forcing
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moist surface
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Two important ways to consider the PBL and clouds:

(1) Vertical structure / Evolution
(2) Spatial variability / Scales
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Fig. 1. Schematic diagram of horizontal convective rolls (Brown
1980; Kelly 1982).

See also Lemone, 1973
and Weckwerth et al, 1997
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Atmospheric moist convection

Cloud Clusters

ﬂd\f Sea Circulation
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Marine Stratocumulus

GOES Channel 1 .
July 24 2001 — 1200 UTC — DYCOMS RFO07
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Main processes
in the stratocumulus-topped marine boundary layer
(STBL)

Warm and Dry

- SW radiation * * # * * # * ‘

- Entrainment

- Cloud microphysics MW
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Conceptual diagram for the stratocumulus-topped PBL
Stevens, 2007
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VERTICAL STRUCTURE OF THE STBL

4 profiles made within a 4-hour period
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Pockets and Open cells in stratocumulus clouds




Pockets and Open cells
Stevens et al, 2005
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Pockets and Open cells
Van Zanten et al, 2005
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Structure of the Trade Cumuli
Stevens, 2006
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PBL 1n complex terrain
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Probing boundary layer turbulence

Atmosphere after Turbulent Mixing



Resolving Navier-Stokes equation with perturbations
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A possible closure:

7 o . L
< yw' >= —ﬂ.mﬁ—ﬁ‘ < e —ﬁmT

and
. B

< fuw' >=—Kp 9

>> Importance of measuring turbulent variables,
To check, suggest and improve parameterizations



Probing turbulence from the ground

Figure 3.1: Taylor’s hypothesis (Stull 1988)
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Probing turbulence from an aircraft

o Distance/time equivalence
S d=U. t
o
21V
k= ——
U

a
U g Airplane True Airspeed

! Concepts of « Transverse » and « Longitudinal » are

different than
when measuring from the ground !



In situ measurements of the air motion
’ with an aircraft

~100 m/s
s V=10p+ 1V,
l (approx.)
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Definition and measurements of

PBL turbulent processes
Content:

Statistics

Integral scales

Fluxes

Entrainment

Turbulent kinetic energy
Higher-order moments



Example of measured
air vertical velocity time
series
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Figure 1: Air vertical velocity componsnt (w ) timeseries, Raw /filtered ratic=1.062



Example of measured
air temperature time
series
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Statistical approach
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Higher-order moments

Skewness

Kurtosis



INTEGRAL SCALES

The autocovariance function of vertical velocity w is defined as

Ry (1) = /OO w(rw(r" + r)dr’, (1)

— 00

where 7 is the displacement. The integral scale, which is a measure
of the length over which w is relatively well correlated with itself, is

defined as % R (r)
r

lw:/ = Zdr. 2

s Rul0) 2)

l,, can be estimated from the maximum of the running integral of (2):

ws[[E] e

which is reached at the first zero crossing of R,,(r).




Integral scale
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Energy density spectrum

Vertical velocity energy spectrum

E,(f)= FFT(w(Q@))
S,(f)= F,(HE,*(f)

S, (f)= FFT(R, (1))
R, ()= IFFT(S,(f))
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Turbulent Kinetic Energy
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Sampling errors

w'(@)s' (1)

1° 1
F = 1lim — (W (@)s'(t)dr = —
e T£ (2)s'(2) N2

Systematic error  ~10%

Associated for example with limited leg or high pass filtering

F - (F(L)) n 2EEws
| L
Random error 10 to >50%
o (T) _ 2_‘5)“2(1 +rﬁ.s)”2
| F! T o

Instrumental error <5%
L.enschow, 1994

Mann and Lenschow, 1994
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Haight,

Interpretation of kinematic eddy fluxes
(Wallace and Hobbs 2006)
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Stull, 1988
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Probing the Sahelian boundary layer
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Courtesy of G. Canut, 2010



Cloud edges
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Buoyancy flux vertical structure
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Vertical profiles of the fluxes in the
Sahelian boundary layer
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Boundary layer growth and warming

(b)

/i

encroachment entrainment
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Boundary layer growth and warming
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Boundary layer scaling

+ Deardoff velocity scale (Turbulent mixing during free convection)

e w'e'] ~1n
T .

®

W =

5

v

[:r,ﬂ_;.]: Depth of the BL and potential temperature perturbation at surface.

+ Friction velocity (Statically neutral conditions):

2 2.1/
1" =(H'H’I +v'w }_!-.I.

+ Obukhov length (Statically Noneutral conditions)
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—l

K(7)(w'),

( k): Von Karman constant.
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Flying str"ateﬂ-g.e T

NCAR / RAF EC-130Q Hercules
A e L e .

defined as a function of

(consensus between):

Scientific goals
and . i 4
Capability of the aircraft - | e
(autonomy, minimum and maximum heights, '-‘-;t
airspeed, payload/instruments,...)

A



< GOES, AVHRR, TRMM, QuickScat

R

NCAR €130 during DYCOMS-II DMS Inle
(DYNAMICS AND CHEMISTRY OF Gust Pr@f
MARINE STRATOCUMULUS) :
Lyman\cxs /j U
C0,05,CO, % VY Cloud Radar
\V
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MCR, Cloud Water Collector

King Probe
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aerosol inlets (CVI, LTI, SDI)
Stevens et al., BAMS, 84 (2003)




Height, Z

Studying the boundary layer vertical

structure
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DYCOMS-II

DYNAMICS AND CHEMISTRY e

OF MARINE
STRATOCUMULUS
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‘Fine—scale structure at stratocumulus cloud top ‘

Figure 1. Schematic diagram showing the categories of segments referenced to cloud top that are
used in the composited profiles.

Figure 2. Schematic diagram showing the slope of the cloud at the airplane penetration point o and
the assumed slopes of the isotherms above cloud-top (parallel to cloud-top) and inside the cloud
(horizontal).

Lenschow et al, 2000



RICO

Rain In Cumulus
over the Ocean
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CuPIDO

Cumulus, Photogrammetric, In situ and Doppler Observations

Stepped traverse

_ _ Racetrack pattern @
ascending, following vertical cumulus development
height estimated cloud center
1 u
max flight level N
4+nnr cloud top g 7,500 m MSL o & "
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¥ \ | L (along or across

) the flight trlclu]

o> 200 m above cloud ba ]

200 m below cloud base

fight legs 5-15 km cumulus side-swipe and traverse
long mostly near cloud top (stronger echoes)

_._ Rosette pattern _ (©)| 90-270 pattern oo @

.’ mean wmd
/ S
~3km

e

Fic. 3. Flight patterns used for cumulus dynamics studies. .
Damiani et al, 2008



CuPIDO

Cumulus, Photogrammetric, In situ and Doppler Observations

Cumulus rectangles or along-wind traverses @ rectangles around clouds o @
- low-level  upper-level / '
: / raverses
Getrainment max flight level = _
region ._7 500 m MSL D | terrain (m) \ -
S » \ A | \ F
---""? 2'_1 ,f "‘* o = 1600 '
¥ ! ¥ r, =
deep-layer A 2000 g :
mean wind \ ;

o >

)
mngestl.._ns by

Just below cloud base L I

! i =7 b

o +F—Fw 4
e ades D O

300 mAGL® ©

| I

2400

Fic. 4. Flight patterns used for BL dynamics and detrainment studies.

Damiani et al, 2008



95 GHz WYOMING CLOUD RADAR

Antennas diameter 25cm Beam width 0.7°
Peak power 1.6 kW Repetition frequency 5 kHz / 20 kHz
Pulse length 250 ns (33 m) Number of profiles per sec 20 - 27
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south-north distance [m]

Organized large scale horizontal dynamics
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