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* Extensive high pressure system
with impeding cold front

(Source: Surface pressure map, DWD 2003)
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* Extensive high pressure system
with impeding cold front

* Strong inversion at low-lying PBL
top
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(Source: Surface pressure map, DWD 2003) (Source: MODIS Satellite Image, Visble)
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Inversion Gradient: 12 K/ 150 m

PBL Turbulence

(Raschendorfer, 2001;
Mellor and Yamada 1982,1974)

upuy = — Ky (6—2;)

-k (5)

_ 90,
urq, = —Kp (82)
J

Kw.Ky — turb. Diffusion coefficients
for momentum and heat

A — maximum length scale of
turbulent diffusion

Sy, Sy — stability functions by Mellor
and Yamada (1974,1982)

q — turbulent kinetic energy

05.03.2013 COSMO Seminar  Anna Possne



INSTITUTE FOR ATMOSPHERIC AND. C_l_.lMAT—E'SéiiEﬁ_’C

IACETH
©

&M
\ Center for Climate
Systems Modeling

Inversion Gradient: 12 K/ 150 m

PBL Turbulence

(Raschendorfer, 2001;
Mellor and Yamada 1982,1974)

upuy = — Ky (6—2;)

Ky = qhiSu ‘ 90
Ku = q\iSu = (a_)
T 0Q,

Kw.Ky — turb. Diffusion coefficients
for momentum and heat

A — maximum length scale of
turbulent diffusion

Sy, Sy — stability functions by Mellor
and Yamada (1974,1982)

q — turbulent kinetic energy

05.03.2013 COSMO Seminar  Anna Possne



INSTITUTE FOR ATMOSPHERIC AND. C_l_.lMAT—E'SéiiEﬁ_’C

IACETH
©

&M
\ Center for Climate
Systems Modeling

Inversion Gradient: 12 K/ 150 m

Tuning parameter: PBL Turbulence
tur_len =500 m (Raschendorfer, 2001;

(MeteoSwiss operational Turlen =150 m) Mellor and Yamada 1982,1974)

/ u;;“; T . (%)
_ dz;
KM — M
> | u o K (—8@)
—_— — H
KH = H k a.l‘j
—— Q.
upq, = —Kpg (8$j)

Kw.Ky — turb. Diffusion coefficients
for momentum and heat

A — maximum length scale of
turbulent diffusion

Sy, Sy — stability functions by Mellor
and Yamada (1974,1982)

q — turbulent kinetic energy
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Inversion Gradient: 12 K/ 150 m

Tuning parameter: PBL Turbulence
tur_len =500 m (Raschendorfer, 2001;

(MeteoSwiss operational Turlen =150 m) Mellor and Yamada 1982,1974)

Tuning parameter: / upul, = — Ky (‘Zﬂ)
Min(K,,)=Min(K,,)= 1 m?/s \KM — Y 8(&;
_ "| WO = —K (—)
Sl o 8@’0

Kw.Ky — turb. Diffusion coefficients
for momentum and heat

A — maximum length scale of
turbulent diffusion

Sy, Sy — stability functions by Mellor
and Yamada (1974,1982)

q — turbulent kinetic energy
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Inversion Gradient: 12 K/ 150 m

Tuning parameter:

Min(K_)=Min(K.))= 1 m? — ,
in(K,,)=Min(K,,)=1m S\KM M Kﬂ(ge)

Numerical Analogy:

Simulation
period AT

v

Tuning parameter: PBL Turbulence
tur_len =500 m (Raschendorfer, 2001;

(MeteoSwiss operational Turlen =150 m) Mellor and Yamada 1982,1974)

e oU;
/ = -k (57)

v

@H = H upd’ = oz

_ 90,
urq, = —Kp (82)
J

Kw.Ky — turb. Diffusion coefficients
for momentum and heat

A — maximum length scale of
turbulent diffusion

Sy, Sy — stability functions by Mellor
and Yamada (1974,1982)

q — turbulent kinetic energy
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Inversion Gradient: 12 K/ 150 m

Tuning parameter:

Min(K,,)=Min(K,)= 1 m?/ - ,
in(K,,)=Min(K,,)=1m S\KM M KH(@@)

Numerical Analogy:

Simulation
period AT

v

Tuning parameter: PBL Turbulence
tur_len =500 m (Raschendorfer, 2001;

(MeteoSwiss operational Turlen =150 m) Mellor and Yamada 1982,1974)

— oU;
[ = -k (57)

v

@H = H upd’ = oz

- Q.
Ukt = K (ag. )
o

1 KK, — turb. Diffusion coefficients
for momentum and heat
o A — maximum length scale of
turbulent diffusion
> Sy, Sy — stability functions by Mellor
F(x) = Ae(-x*/o?) and Yamada (1974,1982)
o® =4KAT q — turbulent kinetic energy
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Inversion Gradient: 12 K/ 150 m

Tuning parameter:

Min(K,,)=Min(K,)= 1 m?/ - ,
in(K,,)=Min(K,,)=1m S\KM M Kﬂ(ge)

Numerical Analogy:

Simulation
period AT

v

Tuning parameter: PBL Turbulence
tur_len =500 m (Raschendorfer, 2001;

(MeteoSwiss operational Turlen =150 m) Mellor and Yamada 1982,1974)

— oU;
/ = -k (57)

v

@H = H upd’ = oz

_ 90,
urq, = —Kp (8?)
J

1 KK, — turb. Diffusion coefficients
for momentum and heat
o A — maximum length scale of
turbulent diffusion
> Sy, Sy — stability functions by Mellor
F(x) = Ae(-x*/o?) and Yamada (1974,1982)
o® =4KAT q — turbulent kinetic energy

If: K=1m?%s, AT =1h,then o0 =120 m
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Settings
based on MeteoSwiss Operational Setup

Radiation — Ritter and Geleyn 1992

Turbulence — TKE closure

Convection — Tiedtke 1989 (12 km simulation only)
Aerosol — Tanre et al. 1984

Different:

Advection tracer — Semi Lagrangian Scheme
Cloud Microphysics — Seifert and Beheng 2006

10 50 100 150 200 500 1000 1500 2000 msu!uu | Time Period:
altitude [m] 26.01.2003 00:00 — 29.01.2003 00:00
ERA-interim data =P 12 km Simulation -> 2 km Simulation
282 x 206 grid boxes * 350 x 250 grid boxes
* 60 levels * 60 levels

05.03.2013 COSMO Seminar Anna Possne
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RH [%] 0 [K]
—1=op_12km —3 =o0p_2km —5=turl_500 ---obs
—2=kmin_12km —4 = kmin_2km — 6=turl_ 60 —ERA

“op” : Min(K,,)=Min(K)=1 m?/s
“std”: Min(K,,)=Min(K,)=0.01 m?/s
(Buzzi et al. 2011)
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* 12-km and 2-km simulation perform identically

* tur_len parameter has less influence

* Decreasing Minimum Diffusion coefficient
dramatically increases inversion strength
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* 12-km and 2-km simulation perform identically 20w Tow

tur_len parameter has less influence 03 04 0B 06 08 1 12 14 16 18 22 28
* Decreasing Minimum Diffusion coefficient Km

dramatically increases inversion strength

AH/300m
N =
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CLG,,, 0p_12 12UTC CLC MODIS 12UTC CLCy std_12 12UTC
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[ I
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“‘op” : Min(Ky,) = Min(K,) = 1 m?/s “std”: Min(K,,) = Min(K,,) = 0.01 m?/s
Tur_len =500 m Tur_len =150 m
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i .
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Prefrontal lifting of cold front stronger with increased lead time

!

Raising of inversion height

}

Affects cloud formation & ToA cloud radiative forcing:

ToA SW CRF [W/m?] 12 UTC 0 3ToA SW CRF [W/m?] 12 UTC
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0 J : 0 : :
280 290 300 0 25 50 75 100
0 [K] RH [%]
—op_12 tkmin=0.56 tkmin=0.4 =——tkmin=0.01
AN
DWD
Code Version: COSMO-CLM 4.17; resolution: 0.44°
domain: CORDEX North America; period: (1992 — 1996)
Uncalibrated Calibrated
—— Parameter range . . : —— Parameter range
—— Default values Calibration for: . . —— Default values
" T,., precipitation, cloud cover : - - - Optimal values
0.1 > 0.1 1
(Source: Bellprat et al. (2012)) |
s 1 2 T . 1 2
tkhmin tkhmin
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* Mesoscale (12-km) and cloud-resolving (2-km) simulations identical in forecast
quality for inversion height, inversion strength and cloud distribution.
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* Mesoscale (12-km) and cloud-resolving (2-km) simulations identical in forecast
quality for inversion height, inversion strength and cloud distribution.

* Turbulent vertical mixing is crucial for the thermodynamic PBL structure.
PBL profiles largely sensitive to Min(K,,), Min(K,) in stable synoptic

situations.
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* Mesoscale (12-km) and cloud-resolving (2-km) simulations identical in forecast
quality for inversion height, inversion strength and cloud distribution.

* Turbulent vertical mixing is crucial for the thermodynamic PBL structure.
PBL profiles largely sensitive to Min(K,,), Min(K,) in stable synoptic

situations.

* Despite evident dependency on parameterisations, nocturnal inversions
of 10 - 12 K were correctly predicted with lead times between 24 — 72h .

05.03.2013 COSMO Seminar  Anna Possne
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Large Scale Forcing Shallow Convection PBL Turbulence

Subsidence
. U :
u’ku; = —Kys (6_:173)
7

NEGLIGIBLE a7 =~k (5o )
=k ()

Kw.Ky — turb. Diffusion coefficients
for momentum and heat

?

geopol. height al 925 hPa 20030127
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* COSMO-CLM 4.17 | 0.44° CORDEX North America (1992-1996)

* Calibration for 2m temperature, precipitation, cloud cover

Uncalibrated Calibrated

—— Parameter range
—— Default values
- - - Optimal values

—— Parameter range

—— Default values
02 0.2

0.1 0.1

1
tkhmin

Bellprat, O., S.
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