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An extension of Mellor-Yamada model to apply for the resolution of
Terra Incognita
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1. “Terra Incognita” (Grey Zone)

problem in PBL turbulence modeling
> Terra Incognita: REN1D 5815
PBL: Planetaty Boundary Layer KR IERE

Spectrum of wind near surface
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Objectives

Develop a new PBL model for resolution of
Terra Incognita(TI)

*Design based on LES reference

e.g. Honnert et al. (2012); Shin and Hong (2013); Kitamura@MRI
(Submitted)

*Test run of a new model with horizontal

resolution of Tl
e.g. Ramachandran et al. (2011); Boutle et al. (2014)

An extension of UK model’s non-local PBL scheme
— Pragmatic extension of Mellor-Yamada’s

PBL scheme used in IMANHM etc.
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2. LES Reference

Basic equation: Boussinesq approximation, Dry, Smagorinsky-
Lilly’s SGS
Domain: 18km X 18km X 4.5km
Resolution: 25m
Lateral Bound.: Doubly periodic
Bottom Bound.:  Bulk method (Momentum) / Heat flux
Q=0.2K X m/s

GeOStrOpIC winds: V=5 m/s Vertical velocity in middle of CBL
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Sensitivity on Q and V (not shown)



Horizontal filter

Top-hat filter: Txi)zﬁf(xi)ca(xi—x;)dx; G(xi—x;){

118, (x-x|<4)
0 (x-x|>3a)

Horizontal filter of
Grid values gjze AH=5 X 25=125m
A,=3 X.25=75m

—_
Larger A,
Obtain l 'v Associated with
Average \y ------- Grid scale motions | should be
Onlyw  Variation y? -------- Sub-filter TKE - modeled for
Triplet @3 —- Turbulent transport| resolution A,
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Scaling and TKE budget

Free convection scaling (Deardroff 1970) is operated on results with “*”

|

boundary layer h

e Heat flux : Surface flux Q

Length: height of convective ¢ Velocity : Convective velocity w. J

Range 0.5 < A" (=A,/h) <2 correspond to Tl scale

MY model solves prognostic equation of TKE (ELiTEEH TR J)LF—):

Height z

Advection Production Turbulent transport Dissipation
oe oe g 0 — — 1 —
ot | oOx o, OX. o
°'8D: o Vertical profiles of B A, —>o°: Meso-scale
N Production|] - gyer whole x-y cross limit
04 b 1 section

02

0
-1 -0.8-0.6-0.4-0.2 0 0.20.4060.8 1

e budget

6/14



He@htz*

3. Design of model: Estimated
terms in TKE budget for various A"

Vertical Profiles of terms in TKE budget (horizontal average)
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— q: Turbulent velocity oc TKE

08  Assumed down-gradient form
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(1) Horizontally averaged Dissipation
length <L_>

Estimated <L_> for various A,

N

L. of Meso-scale limit (e.g.

| \ | L~ Nakanishi and

7 Niino,2009)

S 08F .

3 “Partition function” of TKE
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©_ LES reference (Q=0.2,5h) =

o 02| (£ oo §é=°'2’2°ﬂ§ | (Honnert et al. 2012)

= LES reference (Q=0.1,10h) = i

< 0 1 1 Il-Ionnertlet al. (21011) 1 can prescrlbe <L8>

o o5 1 15 2 25 3 as forTlscaleas
Horizontal filter size A*H Ls X F(AH*)
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(2 Diffusion length

Turbulent transport=-L, q0TKE/0x.

Horizontal diffusion Vertical diffusion
A *=1,27 06 | I g 'I I I B 06 I : I I | I I B
i o - e | Slope correspond to L,
g |02 8|02 .
= [o2 = ozt I Neglect counter-
i - | gradient diffusion
_0_0060.nnm_oos'dgfdxo_onzo_omo_ooe o pl Ott ed |n 2nd a nd 4th
A,=0.33 * s quadrants
§ 05 g
=1 i To reduce Ly(A,") as
_1;3.0{"'),—0.I01 -O.II)DS i] 0_605 G_IO‘I 0.015 71'—%_015 —0.I01 -O.II)DS i] O_ll)05 U.IO‘I 0.015 Ld(oo) X F(AH*) Seem
reasonable

To rationalize the neglect of counter-gradient
diffusion = A posteriori test 9/14



4. A posteriori test

* Replace Smagorinsky’s model in LES to
“TI model” | MY model (nakanishi and Niino 2009)
 Grid number: 12 X 12 X 150
e Horizontal resolution dx=1.5km | 1km | 500m
Typical “Tl scale” T
e Vertical resolution: dz=25m

e Environments are the same for LES reference
to compare
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Non-dimensional horizontal
resolution dx™ (= dx/h)

| | |

" T1 dx=1500m
TI dx=1000m
TI dx=500m

10

Tl scale

LES scale
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Strength of resolved convection \ *

(W *Y@2=0.5h
LES Observatuon
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“TI Model” reproduce resolved convection in accord

with LES reference
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Conclusion 1/2

e Design of “TI model” based on LES
- Almost completed (To be sumitted to BLM?)

 Implement in a numerical weather prediction
(e.g. IMANHM, WRF) would be very easy

I only reduce length scale in MY model

 We will not peruse further refinement (3rd
order closure? stochastic forcing?)
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Conclusion 2/2

e Current IMANHM with MY model may
behave qualitatively similar manner to “TlI

model” ({F#E5,2013FEFEXRRFEER), but it
is unjustifiec
e Seeking verification by JMANHM with “TI

model” & Karman vortex shading was not
good...

Simulated cloud

by IMANHM with a LFM
configuration (dx=2km)
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Local L,

L. without horizontal average @ A,"=0.8, z'=0.5
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