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WALL EFFECTS

LIMITATION OF EDDY SIZE/TRANSPORT BY
o wall proximity

@ stratification

HANDLING OF GROUND PROXIMITY EFFECTS

@ 1-D models: log-linear vertical spacing distribution
(e.g. Taylor & Delage, BLM 1971)

o NWP: bulk parameterization of the surface layer

o EULAG: explicit specification of the heat flux as a
boundary condition

HANDLING OF STABLE STRATIFICATION EFFECTS
o 1-D models & NWP: diverse parameterizations
o EULAG: 77?7 (a subgrid issue)
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RESOLVED OR SUBGRID?
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EXPECTATIONS

e consistency of the surface layer parameterization
with the subgrid turbulence scheme
@ possible adaptation for inclined terrain

e applicable for both the LES & NWP

(quasi-hydrostatic) modes (see Cuxart et al,
QJRMS 2000)
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SURFACE LAYER REGIMES & SCALES
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CONVENTIONAL FRAMEWORK: MOST

u(z) — u(z) = = [ln (f) + 0 ()~ Y (Ll)}

e =1 = [ (2) e (2) o (3)

L = % - Monin-Obukhov-length,

8= % - buoyancy parameter,
Uy = }u’w’ ! - friction velocity,

T-Ya
T, — “’u—e - temperature scale
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1-D MODELING: IMPORTANCE OF CHOICE
OF THE SL-PACKAGE

S R R RAEU BRI RR R MR T 1 I I

Calculation of
surface fluxes for
] L EULAG
0] %] Lech tobocki

900 — f— 900 —

What for?
F SL Regimes
- Bulk

e e et atin
MOST

1-D modeling

Cy . Cp in MOST

Height [m]

600 — ~ 600 —

300 — [~ 300 -

EULAG LBC
S &
L L e e A B ma it s L S e A e e e ey e
273 276 219 282 285 288 291 273 27 279 282 25 288 201
Potential temperature [K] Potential temperature [K]
Turbulence

Eeheerariaatinn
Vertical heat flux
Cooling scenarios

F1GURE: Wangara Day 33 simulation with the Mellor-Yamada Vertical heat flux
Level 2 model: left - with high-resolution finite-differencing,
right - with bulk surface-layer parameterization using BWIB
(1971) profiles. Potential temperature profiles at 12 LST (red),
18 LST (green), 3 LST (blue)

Length scale issue



1-D MODELING: CONSISTENCY ISSUE

Height [m]

FIGURE: As Figure 1, but with the bulk surface-layer integrals
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calculated using the Mellor-Yamada Level 2 model (tobocki,
1993, right pane)
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1-D MODELING: CONSISTENCY ISSUE
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F1GURE: A comparison of the high-resolution finite-difference
solution (red) and the integral surface-layer parameterization
(green). Right pane focuses on the lowest 50 m.
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1-D MODELING: CHOICE OF MODEL
CONSTANTS
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FIGURE: Attempt to change model constants (fobocki, 1993):
a better representation of the nocturnal inversion. Right pane:
measurements.
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Cy,Cr IN MOST
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CONVENTIONAL BULK CALCULATIONS
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EULAG LOWER BOUNDARY CONDITIONS
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ALGEBRA

let

HENCE, WE MUST SOLVE
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F1GUrEg: Function x({) calculated using Mellor-Yamada Level 2
turbulence closure model (Mellor, Yamada, 1982) and integral
forms W/ (¢) (Lobocki, 1993) for different values of z/z.
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QUESTIONS

IS THERE A VIABLE PHYSICAL EXPLANATION?

Yes. The issue can be related to existence of a
maximum heat flux for a given wind speed under stable
stratification. The heat flux is zero under neutral
conditions, and if it vanishes at extreme stability, there
should be a maximum.

IS IT A KNOWN PHENOMENON?

Yes. It was noted by Taylor (QJRMS 1971), and Carson
and Richards (BLM 1978). However, very few papers
mention it.
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QUESTIONS

HAS IT EVER BEEN NOTICED IN REALITY?
It seems so. Malhi (BLM 1995) presents experimental

data which seem to support the existence of a maximum.

WHAT IS THE PHYSICAL MEANING OF THE TWO
SOLUTIONS?

Are there corresponding different scenarios in the
nature?

o Frequently, we observe either intense and shallow
ground-based inversions, or much deeper nocturnal
boundary layers with small temperature difference.

o Modelers are familiar with a “runaway cooling”
phenomenon.
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QUESTIONS

CAN IT BE A MORE GENERAL PROBLEM?

Is this problem specific to the surface layer and its bulk
parameterization? Perhaps it is a more general problem
of turbulence (parameterization) in the entire SBL?

IS IT IMPORTANT?
o How frequently it happens?

o What are the consequences?
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(SUBGRID) TURBULENCE
PARAMETERIZATION

MELLOR-YAMADA LEVEL 2 RSM
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(SUBGRID) TURBULENCE
PARAMETERIZATION

MELLOR-YAMADA LEVEL 2 - SOLUTIONS

u'w' = —quM%
z

S d
w'f = —EqSH—e
dz

/
RF = SMB11/3qn_C
Kz
1-R A
— g -1/3 4
Gn =\ — 73 ¢ =B —
<SMB%/3> b
Su = Su(Rr) = Su(¢) = Su(Ri)
Su = Su(Rr) = Su(¢) = Su(Ri)

Calculation of
surface fluxes for
EULAG

Lech tobocki

What for?
SL Regimes
Bulk

e e et atin
MOST

1-D modeling

Cy, Crp in MOST
EULAG LBC

Turbulence
Farharariaating

Vertical heat flux
Cooling scenarios
Vertical heat flux

Length scale issue



VERTICAL HEAT FLUX
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FIGURE: Kinematic vertical heat flux per unit master length
scale w’#’ /¢ as calculated from the Mellor-Yamada Level 2
model using constants proposed by tobocki (1993)



1-D MODELING
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FIGURE: Weak surface cooling scenario. Left: potential

temperature profiles at 21 (green), 24 (blue) and 3 (red) LST.

Right: hodographs of the solutions in the (N2, S?) parameter
space. High-resolution finite-difference Mellor-Yamada Level 2
model, modified constants (tobocki, 1993)
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1-D MODELING
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FIGURE: Intense surface cooling scenario. Left: potential

temperature profiles at 21 (green), 24 (blue) and 3 (red) LST.
Right: hodographs of the solutions in the (N2, S?) parameter
space. High-resolution finite-difference Mellor-Yamada Level 2

model, modified constants (tobocki, 1993)
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temperature difference [K]

F1GURE: Surface vertical heat flux w’8’ as calculated from the
Mellor-Yamada Level 2 model
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CONCLUSIONS & DISCUSSION

DUAL SOLUTIONS:

@ do not necessarily arise from the log-linear
nondimensional wind profile (as shown by Malhi,
1995)

e are not an endemic feature of the surface layer -
they may be reproduced by the turbulence closure
model regardless of height.

@ are associated with the existence of the critical
value of the gradient Richardson number. Existence
of such critical value is now disputed (e.g. Galperin
et al. (2007), Zilitinkevich and Esau (2007), Mahrt
(2010))
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CONCLUSIONS & DISCUSSION

DUAL SOLUTIONS:
e apparently are not related to different cooling
scenarios

e apparently are not associated with model
instabilities at the surface

MOREOVER,

o We see that zone where the critical flux Richardson
number is maintained, is separated from the ground
with a layer, where wind shear is present and
subcritical regime is mantained.
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SO, WHAT’S NEXT? - LENGTH SCALE ISSUE

PrRANDTL, 1925; MELLOR, 1974

{ =Kz
DEARDORFF (1980):
q 1 1 1
14 = -=—+—
NYN TR Iy

GENERALIZED VON KARMAN (LAIKHTMAN, 1979;

LoBockl, 1992):
dv
lx U
i (d)

o~ () e
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PRANDTL LENGTH SCALE

A Calculation of
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F1GURE: Nondimensional wind profile obtained by Mellor
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TKE BUDGET, LOCAL EQUILIBRIUM, NO
SHEAR

¢ INDEPENDENT OF TIME AND OF TKE

d q2 e q3
a(5>—5w9‘B—lz

Suppose at the extreme stability

w'@ =0
dF
— _E3/2
at >
E(t) oct™?
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TKE BUDGET, LOCAL EQUILIBRIUM, NO
SHEAR

DEARDORFF’S ASYMPTOTIC ¢

d q2 = q3
@ (2) =Pl =55

2
(‘12 > = —0gSyN? — B{'¢*N = —~?SyN — B{1¢*N

d 2 _
T (q2> = —(Su + By )¢*N

dE

& w-E
at >
E(t) xe™*

Notes: Sp shall assume a constant value (corresponding to the critical
value of Rp)

Asymptotic properties depend on model constants. g/usx — const.

possible when Rrp — 1. Realizeability should be checked.
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