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Refresher on the ABL and the ASL — idealized as horizontally-homogeneous

Variables of interest: Z A “FREE atmosphere” w' ~ 0
8(t),u.,L,w.,0. scq4 “‘r\j Vanaloles Capping inversion layer/entrainment layer
o)

u(z),v(z),08(z),q(z) - = = = daytime profile of
mean potential
“(z),v"*(z),w"(2),0"(z),q"(z) temperature
/
u'w'(z),v'w'(z),wo0'(z),wq'z) 7/ Outer layer — no effective
similarity theory (except for
k(z),e(z) turbulence statistics in very
convective state, i.e. “CBL”)
Atmospheric boundary layer 5/10
(Friction layer) 1 I
Surface Layer — Driven
Unresolved (“turbulent”) velocity Monin-Obukhov by
fluctuations similarity theory transiting
provides profiles of all fluxes of
' ' L 1 properties mtm &
u'~v'~w'=0[ms | heat
Roughness sublayer l I
h Voav, av, av,
eas471_ABL_ASL.odp 2 g 2 8
JDW 15 Mar. 2016
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Setting the ASL within the atmospheric boundary layer (ABL)

v
mo— &

KFetaf ¥

&HG ¥ G)Eo +

| entrainment
interfacial
layer

AQ

free atmosphere

capping inversion

residual layer
(nearly neutral)

stable layer

[ —
"é‘- =
g 1000 |=
B
a -
mixed layer
(convective BL
or "CBL")
A |- m— el
o surrace layer

MOST stems from dimensional
analysis guided by measurement,
intuition and guesswork: it is justified
by its utility (cannot be "proven”, i.e.
not an exact implication or
consequence of the Navier-Stokes
and other consv. eqns)

noon I ﬁunset

_71'7251'/'9) N ‘

@*

1 t

sunrise

midnight noon
local time
Boundary Layer Meteorology
\
roughness ext_ends from surface to 2-5 times the
sublayer height of the roughness elements and

> includes the canopy layer. Within the
roughness sublayer the flow is three-
dimensional... MO scaling doesn't apply.
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T Aedlized yfay/v'm e AbL

A
| kR Propagating __ _ Trapped
billows " waves forced
W e ._2/._.. h'v eddies
8 i oS- =
! fraction A of horizontal| plang rising, 1-A descending
N Convection
WT X Tw* velocity A - [ mixed
My She?r l&uxmg 75“ [
S at edge T ~
Rising 7. & N @chLm" i~
thermal Friction § _{(&
5 ,;'4 AL T“* velocity — urtece
= :%\ | o j er
Su':face Merging
i omas  Hunt et al. (1988, QIRMS) Figs. 1,2
Figure 1. Schiematic diagram of the flow, temperature and eddy structure of the convective boundary layer.

p(w)
AN

Probability

distribution * CBL a"windless

convection layer"
e skew PDF of w

-Ww

Elevated release

Surface release
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CBL velocity statistics & mixed layer similarity theory
| The thermally stratified ABL

Hunt et al. (1988, QIJRMS) Fig. 4
BAO ! |

1220-1320 MST
12 Sept 83

vertical velocity PDF
at several heights [m]
at Boulder tower

% of Total

p b 11 N
i} .5 1

w'o'/(w'e’),
Garratt, Fig 6.13

1/3

=
)

0.=—(w'0’"),/w.

Mixed-layer similarity scales successfully normalize turbulence
statistics, but no similarity theory has provided a reliable
formulation for the mean profiles, which are often "unmixed"
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Reynolds-averaged governing equations for ABL (Garratt's Sec. 2.3)

« Decompose every variable into sum of Mean + Fluctuaton w = W +w'

* Apply the averaging operation to the Navier-Stokes equations — Reynolds' equations

oU . @

+—— (U’+u'u')+—=— (UV+u'v)+=— (UW+u'w’ —+ fV+
o Tox (Ut gy UV e (UWHwtw= =5 et f V
Y Y non—di'vergence Vischus

friction

Posit horizontal homogeneity of statistics — then indicated terms vanish, leaving: no gx/aL/ama*,

// \\ No (ndia edu@-&,m

ou _ | du'w'’ 06 _ _ ow'e’
= e e vevo) ot oz
AN S/ (corresponding heat budget)

~— _

“Geostrophic deficit”
(balances to zero in free atmos)

“turbulent friction” (divergence of J

Reynolds stress). Fluctuations u’
and w' are (anti-) correlated — so

u'w'is adownward flux of u- Large scale pressure gradient
momentum defines the Geostrophic wind

(so fV_is just a substitution)
. Companionegn. 9V _ _ dv'w' _ f(lU-U,)

ot 0z
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Turbulent Kinetic Energy (TKE) equation

« TKE defined k = % (Tu+v'viHww') = % (0;+0,+0,,)

* by manipulating the Navier-Stokes eqns. (under the Boussinesq approx.), the TKE eqgn

for a haorizontally-homogeneous layer is: €= iu_&’ du,
é')k'a. é‘)(é
ok oU oV g 0 p' u'u+tv'v+w'w'
—=—u'w ——-v'w' + wo' —— w' + — €
ot 0z oz B 0z ( P 2 )
shear production buoyant pressure transport + viscous
prodn turbulent transport dissip'n

« shear production large in surface layer due to strong near-ground shear

* buoyant production dominates above the surface layer

e at |z/L| = 1, shear and buoyant production have equal magnitude

* wherever the heat flux is negative (i.e. in inversion layers) buoyancy suppresses turbulence
 the transport term often modeled as "diffusion”

* viscosity damps the motion of the smallest eddies, converting their kinetic energy to heat

 TKE (k) and its dissipation rate (¢) key variables in most turbulence models
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Form of the TKE equation for a horizontally-homogeneous layer under first-order closure

« invoke "o ez %E :¢m —> (J‘Qu*”"b
Ui r4
(U'W',V'W'):_K%(U’V) 0 2 56
a7 0 Uy T RUZ
wi'=—Ky o e u.'sm;,'/:)éa-
( k)3/2 — _—
€ = ¢ A=A(2) an empirical "length scale", ¢ a
A tunable constant
. / /<’VZ
K=(c k)" a(z) and K,=K/P,
Cc://bm/*
tng fv gevt

Ok oU 0V g 00 0 ok, (ck)?
—=K||— —) | — & Ky — — (K, —) —
ot [(6z)+( 82” 0, “H 3z " az( X az) M z)
shear production buoyant diffusion dissipation
prodn

Delage exploit this eqgn plus those for U,V, 6

: : : e . in his time-dependent model of the nocturnal
 ratio K/e is effectively a turbulence "time scale ABL — to follow in a later lecture


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


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


johnd
Text Box
9


	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10

