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RACEPAC

Inuvik, NWT, Canada 2014

Radiation-Aerosol-Cloud Experiment in the Arctic Circle, 24. APR
to 23. MAY 2014

Goal: Better understanding of cloud microphysics and interaction
of radiation and clouds in the Arctic.
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In Situ measurements in the cloud
plus remote sensing from above
cloud.
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* Cloud over sea ice and open water
* Dropsonde vertical profile over ice and water
 Continuous cloud, thinner at the Eastern Edge
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Research goals
* Can we simulate differences in the cloud over water and ice?
* Explain difference in low level jet as seen by Dropsondes



Alituda in m

184502, over loe
200527, owver Water
2500 —
2000 —
1500 —
1000 —
500 —
"H.‘_H
0 >
rprrerprrrrprrrrprr e e rrprrrrfrrrrprerrep reirrprret
-20 -18 16 -14 -12 -10

Temperature in *C

Altituda in m

Dropsonde profiles:

— 184502, over lc=
— 200527, over Water

1500
7 )
- k|~|
i | '\"'1
i { ;‘a
0001 ¢
T I"'—:-_hh:_— e
] = -
- N
ol g
i -
|
500 — C:‘: )
i )
|
' </
-
i 7
— '-:bl--"-\.
TTTITTTTITIIT I I T I T I I T ITTIIT IaIaT I‘IIIIIIII TTTTTTT
1] 20 40 80 BD 100
RH in %

g R|-|

Red: Over Sea Ice
Black: Over Water

Data corrected
for
instrumental
inertia (3.9s - T,
5.0s - RH)



ropsonde profiles:
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Surface temp. - KT19 IR sensor (P5)
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LIDAR: cloud tops

532 nm Aerosol oTTen bsc (cmolog) AMAU 28 Apr 201 4 8 54 52 5 s 7 5 m
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Note that LIDAR sees the cloud top only and can
not evaluate cloud water content / cloud thickness
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P6 in-situ size distributions
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Model Setup

COSMO idealized simulations
Model height 22km, exponential vert. layers

Grid 64x64x200 Res.:100 m x 100 m x Gal-Chen-Exp. (o, 17,
42, 71,104 m ... 22 km)

DS #1 Input / KT19 surface temperature

CDNC 200 (0-400) /cm3, INC 4000 (0-8000) /m?>
April 28th 2 pm @ 70° lat + 7-9 h in 2 s time-steps
2-Moment Cloud Scheme & 3D Turbulence Scheme

QV of first 100 m's as a constant QV up to top of mixing
layer. Higher air from dropsonde & reference atmosphere.



Reference: Water, N -4000 CDNC=200/cm?, T=-2°C

— 1000
E 0.1
o 5 0.05
v
T
: 1 2 3 4 S 6 7 0
Time [h]
Water, N, _=4000, CDNC=200/cm?, T=-3°C
. 0.02
0
-0.02
-0.04
-0.06
-0.08
Time [h]
Water, N,__=4000, CDNC=200/cm?, T=1°C
— 1000 0.15
E 10.1
'S, 500 0.05
g 0
0 -0.05
Time [h]
Water, N, =4000, CDNC=400/cm?, T=-2°C
ey 0.02
?5, 500 0
T ' -0.02
1 2 6 7

Time [h]

QC [g/kg] QC [g/kg] QC [g/kg]

Height [m]

QC [g/kg]

=4000, CDNC=200/cm?, T=-17°C

Reference: Ice, N, __

Time [h]

Ice, N, =4000, CDNC= 200/cm’ T=-21°C

Time [h]

Ice, N, .=4000, CDNC=200/cm? T=1°C

Pt
(o]
=
o

1 2 3 4 5 6 7

Time [hl
Ice, N -4000 CDNC=200/cm?3, T=-3°C

1000

500

Height [m]

1 2 3 4 5 6 7
Time [hl

\

QC [g/kd]

0.02

-0.02
-0.04

QC [g/kg]

0.05

o
QC [g/kg]

-0.05

0.05

QC [g/kg]

-0.05



" RACEPAC Flight #1QC +8h Water -2°C & lce -17°C

e (C 80 Water, N, =400, CONC=200] e, T=-2C

: . [ !
t lmeO + Zh —QC+8H|tE,N‘EJEOUO,CDNC=200)tm’,T=-l7"C

QC over Ice MOdel QC & emp. NC

« QC over Water

9Qo0 m
900 . . I
553:"__,3—-1 16 Er-l:j'_'—:ﬂ.ﬁ‘%":ﬁ-wI l \ sl T . _—
—_|'|,I | f : rooahn ..I.q- it _.', ey T
] L . L ke
E 800F Bl:l':'—: 15 QJW V‘; I: ' Il:. L{rm "l .F l*I,*Ill I|I ! ' "'J’I' Illl':l'ﬁ'."
. ] ' ] .
_: | 4 IIII. H ' lIll I| T I
. Lrﬁs\ 14 }rﬁ : :|= i rl i '-.'t-.
ot 700 \\ \ LN T "
E ] - | . .. o
s n Y 1 .?r=:-*.‘.~+t.. E
E 2 | -.Ill" . [] .
ot £ o0 L N “ . "
- "‘ = l', § "'”'" " -’tﬂ' ""'"?'ﬂﬂ. 'E'-‘l?'_-'jl
_: \ |ll { l:I| : -
] y [ , \ \
500 fl[l':l—: '\ | :I: ; .-I . ',
: “\ 5 : it R C RSP
Qo m : \ I
4400 L 400 | ' Y
1 TR J ] i
Q[[ k RRN RERRNRRR RN R RN LR W

2 46 2
o _ _ _ _ =] -4 -
o O.lg/kg 7 46 -6 4 13 6 @ 10 01 1 0 100 000T 000T 01T g 0 0
Temperature in *C RH in % MC CDP in cm NC CIPgin cm NC PIP incm



2000

1800

1600

1400

1200

E 1000

800 -

600 -

400 -

200 -

RACEPAC Flight #1 T +8h Water -2°C & Ice -17°C

N

—— T +8h Water, N =4000, CDNC=200/cr’, T=-2'C
—— T+8h ke, N_=4000, CONC=200/ c?, T=-17°C

255

256 257 258 259 260 261 262
T(K]
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Conclusion

Model and observed clouds are generally consistent.

COSMO predicts a slightly higher and thicker cloud
above open water — not confirmed by observations.

Modelled wind velocities cannot explain observed
wind differences of the over water / ice dropsondes.
Wind energy dissipation and momentum transfer
are, however, sensitive to the surface.

CDNC, surface temperature and INC variations
reinforce these findings



Outlook

Modity surface roughness according to different wave
roughness formulae and a range of empirical ice
roughnesses

Sensitivity to vertical profiles

Modelling of RACEPAC flight #11 (Arctic precipitation)
and flight #6.
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P6 Microphysics
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