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Realistic boundary layer turbulence

* Important for e.g.
— Environmental applications (wind engineering)

— Parameterization development

 Method of choice: large-eddy simulation (LES)

[single-day LES] ‘ [Iong—term LES]

¢ Long-term LES: recent approach (Neggers et al., 2012, Neggers and Siebesma, 2013)

+ Continuous nudging

LS horizontal
advection

LS pressure gradient

LS subsidence

LES

= Verification by observations from measurement campaign
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Introduction Setup Results

Conclusions A% HD(CP)?
HOPE: HD(CP)? Observational Prototype Experiment

. HD(CP)Z Main goal:
‘v High definition clouds and precipitation

N
Build and run a climate/NWP model with
for advancing climate prediction very high resolution (Ax=100m): ICON-LES
i N
— 7V | 2000 Sub-project HOPE:
\ /A :
i, April-May 2013 centered around
2 U o tlich Forschungszentrum y
= 1!
i \
L | 2000
| %,
i i
A \ 3
T | s
| i A £
S\} o 0 l‘
< i :"“ ".—f.siu 1500
e v by ." :»J 7 }"
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HOPE: HD(CP)? Observational Prototype Experiment

H D Main goal:
g dton

- - Build and run a climate/NWP model with
ouds and precipitation
dvancing climate prediction very high resolution (Ax=100m): ICON-LES

\ 4

Sub-project HOPE:
April-May 2013 centered around

JOYCE (JO) Jiilich Forschungszentrum

Julich ObservatorY
for Cloud Evolution

: O

Equipment

* Remote sensing ins-
truments (lidars, radars,
microwave radiometers)

 Radiosondes

* EC-stations

Leipzig Aerosol and. * Meteorological tower

Cloud Remote~  LACROS (LA) wewe e Radiation measurements
Observation System Qe

[
56
B
{1 | Leibniz e @
16,2 | universi % I LES coupled with mesoscale model data 3/9
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Setup

HD

Models and large-scale forcing

 LES models: PALM and UCLA-LES
— A=50m,t=72h (24-26 April 2013) T
— Prescribed 6(t) and q(t) at surface 13km ('

— Initial profiles from large-scale forcing l I k/
24 km
— Two-moment, warm microphysics — 24k —>
e Large-scale hor. advection: e Large-scale vert. advection:
COSMO-DE analysis data (2°x2° mean) 091 _ 2%
* Geostrophic wind: ,(?)
I * Nudging:t=6h
» 9o _ {9 —yLs
“true state” ot NUD T

dyp
ot

_ (uLS OpLs . 3%5)
LSA ox Jy

LS forcing

A

1 i
g hudging
N

vfast physics

Hannover

Leibniz o“:::. m
il %J palm LES coupled with mesoscale model data
N

> 1
based on Neﬁﬁers et aI.i 2012

4/9



Results VW s e

24-26 April — as seen by remote sensing instruments

12
- Target [:Iassiﬁ[:atljun | 2 4 Ap ri | I |

JE Y
—_

Height (km)

clear-sky CBL

[E5

Aerosol & insects

. . . T T Insects

Target classification 25 Apr|| sarosol
Melting ice & cloud droplets
Melting ice
Ice & supercooled droplets
e

cumulus-topped CBL Drizzlesrain & cloud droplets

Drizzle or rain
T s azituumin.-ah|||I|I.iilillillllmild iii iliili[lii E;Himh“li|iiimiiliiliﬁiﬁ:ZEESEEEE Cloud droplets only

{E T e

—_

Height (km)

O =) o fa OO - 00 W0 = e — a0 P OO - 0 WO =IO ap) o oo —l oo s

l||.|'|1 ik

: Clear sky
1 :Target classification 26 Apr” | ]
g o E
E’ B frontal passage I
~ i ) I CloudNet product from
B : i M .
i -.5: it *Eiiﬁii ﬁlmmiu |||I”i||||‘ !llll !th uimdm|h.|||||||||||”|”'||||'|||||||||||||||||||||"||||I'|||||||||||I|illIlll.ll||||||||||i||||||||iiI|T L(g;ﬁ]Ed(i?p.meteo.um—
Q000 III4 EIEI Q.00 1200 16:00 20:00 Q0.00 '

Time (UTC)
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Boundary layer depth

. . g Oy —bOvo . _
z;: height where Rij, = 55~ islarger than 0.25 (e.g. Richardson et al., 2013)
Ovo v+ v
2400 :_ l l l I | l. l | I l l _f
5 % 1 —PALM
2000 — o 1 B
) : UCLA
__ 1600 i i =
8 i . : 1 | ® cosmo
i t » RS (KIT)
800 |- &f - DIAL (KIT)
Ee Wa .. PO (LA
0 ‘__lll_ll_; e | T g FEY I lgi@igl 1 1 1% | |

6 12 18 24 30 36 42 48 54 60 66 72
Time (UTC)

—> LES produce daily cycles in reasonable agreement with observations
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Clouds and precipitation coswo - Specific cloud water
12 F ECCLED)
® 10 | N 0.70
Deeper cloud layers on Bk B Py
26/4 can be simulated < 6 4 o
4 — =l B
by both LES models > L - ‘ Bl [E
NI | [ | [ | Lo [ | 0.01
0 6 12 18 24 30 36 42 48 54 60 66 72
time (h ince 2013-04-24, 0 UTC
e Shallow cloud |ayer on PALM me (hours since Spegific cloud water
. . . 12 T T | T T l T | T T ] T [ T T '| I T T ] [ T T | T I T I_— qc (g kg"‘)
25/4 is missing 0 E P
(completely) in LES g e _ - ose
N 4 0.29
2 , I 0.15
0 L | L L I Il | Il L | L | Il Il | | Il L | | L L | L . 0-01
0 6 12 18 24 30 36 42 48 54 60 66 72
time (hours since 2013-04-24, 0 UTC)
UCLA-LES Specific cloud water
10 = o070
£ 8F = 0.56
= 6 5 042
4 — 1 e 0.29
o | ) . 1 & 0.15
0 1| | 1 | I | | 1| | | | 1| | | 1y | | | 1| | | 001
0 6 12 18 24 30 36 42 48 54 60 66 72
time (hours since 2013-04-24, 0 UTC)
{1 ] Leibniz d:::. @
| ©; 2] Universitat %J LES coupled with mesoscale model data 7/9
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Clouds and precipitation B A A Aan e et Lt T
* Deeper cloud layers on o oo
. E °F . 0
26/4 can be simulated < 6 < 00180
4 - 0.0121
by both LES models - —_ ~ B 0.0061
Y . A . | b
0 6 12 18 24 30 36 42 48 54 60 66 72
* Shallow cloud layer on oy T O St fan water
25/4 is missing ol E R
. — 8 — 5 0.0240
(completely) in LES E°F EL_Doop
N4 E 4 0.0121
. . - _ 0.0061
¢ Peak|nra|nwaterat i_,|,,|,|.,|,,|.|..|.|..|Q..|M.0.0001
. . . 0 6 12 18 24 30 36 42 48 54 60 66 72
same time as in forcing time (hours since 2013-04-24, 0 UTC)
UCLA-LES __ ISpecific 'Iailn water
12 :_' [T I T T I [ I [ _: q (g kg'1)
: _ 10 —| B 0.0300
* LES were run with warm Bk B Pysi
microphysics only < 6 4 oot
4 - . .
> b ) | & 0.0061
] ) P SR ETEN NPRPIN AN R AN AR RPN AR L1 . "™ 0.0001
— Clouds are a bit tr|Cky 0 6 12 18 24 30 36 42 48 54 60 66 72

time (hours since 2013-04-24, 0 UTC)
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A HD(CP)2

High definition clouds and precipitation
for advancing climate prediction

Introduction Setup Results Conclusions

Animation
e Model: PALM

* Quantities: g.and q,
* Note: large-scale forcing from 0.25°x0.25° COSMO mean used

\
nstitute of ‘Meteorology and Climatology
\
PaJMm /Leibniz Univelsitat Hannover

= Date: April 26, 2013 J- . i ! '

Time: 20:00
Speed: 15 min/s

Leibniz e A .
glenc % pajm LES coupled with mesoscale model data 8/9


HDCP2_HD720p.wmv

Introduction Setup Results
2a0 |- 0 T J'\
/2000 — . a% —
_ 1600 - ;y% .
E r it * COSMO
o 1200 — RS

800 - ¢
L .
400 — ‘

f \ ® y
e of Ne o ¥
0 __T"l_’r' Ll Ly e ieial o

|e®) | | Lt

6 12 18 24 30 36 42 48 54 60 66

72

HD(CP)2

concluslons .v High definition clouds and precipitation
for advancing climate prediction
P Specific cloud water
12 T T T T g (gkg)
10 - I 0.70
£ 8 o &S 0.56
2 & - J AEE 042
" : ﬁ 0.29
4 ..
2 L2 l 0.15
Tl K
0 TR IS s A | | | | I | 0.01

0 6 12 18 24 30 36 42 48 54 60 66 72
time (hours since 2013-04-24, 0 UTC)

Time (UTC)
* Long-term LES approach gives e Shallow cumulus clouds could not
reasonable daily cycles be simulated
=  Observed situations can —  Strong dependence on large-
principally be reproduced \ scale advective forcing /
—> Long-term LES approach works - but LES remain a virtual laboratory
(" )
Outlook:
* In-depth evaluation of large-scale forcing dependency
Lt Heterogeneous surface )

il

0] 2
109 4

Leibniz Ry
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Universitat Y O
Hannover . y p@ll:ﬂ

LES coupled with mesoscale model data
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High definition clouds and precipitation
for advancing climate prediction

Supplementary material
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High definition clouds and precipitation
for advancing climate prediction

Large-scale forcing tendencies

z (km)

z (km)

L le horizontal advection: 22| = OPLS | 4y 0L
arge-scale norizontal aavection: 5 =~ |\us—; + VLS P
LSA £ Y
PALM LS temperature advection 5o PALM LS humidity advection
30 T T T T T L L T T 71 T T T T T T T T - L | T T |' L T | T | T T T T | Tl T T | T 1T . :
I p T T T o, (< 1Y) e | U T Fadtas@kg'n?
25 1.00 " 0.70
20 |2 i Boeo 2200 ‘ B 042
15 = ' y 0.20 215 | - 0.14
10 . 020 10 | - 0.14
05 i -0.60 05 @ - -0.42
00:..‘@.‘@.@‘|.‘..‘..‘|.. -1.00 oo Lt b Wy b b b b by (RO -0.70
0 6 12 18 24 30 36 42 48 54 60 66 72 0 6 12 18 24 30 36 42 48 54 60 66 72
time (hours since 2013-04-24, 0 UTC) time (hours since 2013-04-24, 0 UTC)
PALM LS subsidence PALM LS subsidence
30 T T I \’I | T | T T | T T | T | T | T T I | T 1 310 _\ T | T 1 1 1 I I T I T T ‘ T T | T T | T T | T T | T 1 I T I_ 1 _1
- \ - didt &5 (Kh™) d/dtas (g kg™ h™)
25 l 25 -
1.00 C 0.70
20 I _. 20 - = 0.42
P - 0.60 £ - 1 L
1.5 ?‘D o N 0.20 2 15 - ) & o 014
10 4 0 _ - 0.90 10 %0 | -0.14
05 - - .-o‘so 0.5 - — .'0-42
00 b 11l b ) [ -1.00 PN I I Lol vdani by e, £ 1, ] -0.70

0.0

0 6 12 18 24 30 36 42 48 54 60 66 72 0 6 12 18 24 30 36 42 48 54 60 66 72
time (hours since 2013-04-24, 0 UTC) time (hours since 2013-04-24, 0 UTC)

L | ical advection: %2 s

arge-scale vertical aavection: -—= = —wWLs—
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Surfaces fluxes

Surface sensible (shf) and latent (lhf) heat fluxes

High definition clouds and precipitation
for advancing climate prediction

300 [ T | T I T T ] T | T l T T I T T | T | T T I T T T T ]
P 200 E_ _E
2 100 [ AR E
= - /-\ N\ h," .
@ 0 == L et r'a ;J-f—--k.L..--ﬂf'“‘—"_
B [ | \|"f L'--l"‘|-_r| TR R ‘* i S} | L I | L] —FALM
6 12 18 24 30 36 42 48 54 60 66 72 UCLA
Time (UTGC)
300 -=COSMO
- [ ! I [ I | [ I I 5 i — —EC (KIT)
< 200 | Lo
£ - 4 1 Py "1 .
E 10"0 — \' . I\\ I: |I :'l -
b — I~ .. __4_|‘ . 7]
= 0 f:—--'-"'"o" — e -_a—w///\\,\-l —_;:-‘:‘-:-5“" L hl Hw \J]
L [ | ! ! IR A R i N T l—f-
6 12 18 24 30 36 42 48 54 60 66 72

Time (UTC)
= LES fluxes are representative for HOPE site
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gh definition clouds and precipitation
advancing climate prediction

Liquid water path

00 77 7 T T T T T T T T T T T T T T T T T
2500 =—paLm =
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— 500 [
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HD(CP)?2
Mean profiles: Boundary layer developing on 24/4
24/4, 09 UTC, t =8h 24/4, 13 UTC, t = 13h 24/4,15 UTC, t = 15h
1 1 1 S L 1 1 .:.-: I“( |'.I [ 1 I L] Frdl & I
2000 + 2000 L 2000
I 7/ :
L i g L
1500 1500 | i 1500
_ _ 2 A
E E v E
n 1000 F w1000 ¢ K|' W 1000 ¢
500 | 500 | | 500 |
D " " " G " 1 }'— | D L
285 288 291 294 297 300 285 288 291 294 297 300 285 288 291 294 297 300 _F"n"-'I,I_M
O (K) e (K) e (K) LCLA
24/4,09 UTC, t = 9h 24/4,13 UTC, t = 13h 24/4, 15 UTC, t = 15h === =COSMO
ki T T T T F{“‘ T T T T F Y 'IY\_ T T T T
2000 |\ P\{\i N 2000 | S (KIT)
) - —  MWR (LA}
1500 F (] 1500 '
E E :
W 1000 F w1000 ¢
500 | 500 | !
D D L 1 1 L 1 ; |\"'-.- J
20 3.0 40 50 60 7.0 8.0 2.0 30 40 50 6.0 7.0 8.0 20 3.0 40 50 60 7.0 8.0

a, (gkg") a, (g kg™ a, (gkg™)

= Simulated boundary layers are colder than in observations
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High definition clouds and precipitation
for advancing climate prediction

Sensitivity to relaxation time scale t

) 0 —
Nudging tendency: a—gp _ o) —as
t INuD T
| 1 | 1 | [ | 1 | 1 1
2400 |- I I I [ I I I I I _J:
2000 [ % ] ——PALM, t=6h
B | —PALM, 1=3h
. 1600 :— ; o —] —PALM, 1=8h
£ - ‘L . .
~ 1200 5 . | ® “osMO
B 3 1| @ RS (KIT)
800 ? . M - DIAL (KIT)
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400 — ‘ * . '/ ~
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= Virtually no dependence on relaxation time scale
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definition clouds and precipitation
vancing climate prediction

Setup for animation
Note: large-scale forcing from 0.25°x0.25° COSMO mean

COSMO Specific cloud water
1 ) | ) ) I | | | 1 ) ) 1 | | | | 1 | | I 1 | )
12 b —d. (akg™)
10 —| B 0.70
f 6 F — 0.42
4 4 ..029
SRR AU (RPN VRN RUNE ARV PRI BRI PR A - | == 0.01

0O 6 12 18 24 30 36 42 48 54 60 66 72

time (hours since 2013-04-24, 0 UTC)

PALM Specific cloud water
12 T T | T T | T | T T | T T T '| I T T '| [ T T ] T I T I_—q [g kg1)
10 i > e —adl - 0.70
= 8 3 - z £ 0.56
< g1 e . 4 o042

™ i ]
4 — L - 0.29
> | g d—é I 0.15
0 _I 1 | 1 1 I | | | .I-I 1 | 1 1 | | 1 | | | | 1 | | 0-01

0 6 12 18 24 30 36 42 48 54 60 66 72

time (hours since 2013-04-24, 0 UTC)
Results are sensitive to large-scale forcing
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definition clouds and precipitation
vancing climate prediction

Setup for animation
Note: large-scale forcing from 0.25°x0.25° COSMO mean

COSMO Specific rain water
12 1 I I I | I I I I | I 1 I I | I I | I | | | 1 1 | ] q {g kg__l}
10 - ‘l 0.0300
E8F — 55 0.0240
NELCAS - 0.0180
2 - - - . 0.0061
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0 6 12 18 24 30 36 42 48 54 60 66 72

time (hours since 2013-04-24, 0 UTC)

PALM Specific rain water
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Results are sensitive to large-scale forcing
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