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1.- Research Objectives 3.- Results for cloud-sea ice coupled and decoupled conditions

~ The Stuﬁy focuses on the Western Arctic to address the follow- Surface longwave radiation fluxes observed at NSA are shown as function of several variables
Ing research questions: under the influence of sea ice conditions, e.g. liquid and ice water path (LWP, IWP), skin

e How are macro- and microphysical cloud properties influ- | | temperature based on SIC, and cloud radiating temperature (CRT):
enced by the presence of leads or polynyas? @ Distributions for Net LW radiation F}’** versus Liquid water path
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e Are cloud radiative effects different during different sea ice

ditions?
CONCHHON® COUPLED DECOUPLED
e In which way does the coupling/decoupling of clouds to E—— T —
moisture-layer impact the cloud’s properties? o | o _
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NSA provides long-term high-quality observations for clouds and | _100 ] | =100 -
radiation. To exclude solar shortwave radiative effects this study is 3 s _ T =—120
centered on Arctic winters (Nov. to Mar.) from 2012 to 2020. = o 1 L5 3 = 0 1 5 3
foqm(LWP; gm2) JU;;I[](LWP;’ gm?)

2.- Coupling Sea Ice and Clouds

Daily sea ice concentration (SIC) is primarily obtained from
satellite retrievals provided by the University of Bremen [1], the

e Distributions for Net LW radiation F*¢* versus AT = f(sic, Ty, T5,,)
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following analysis is performed to couple sea ice conditions with COUPLED DECOUPLED
cloud observations above NSA:
@ SIC AMSR?2 products is analyzed for a sector 50 km around 50 -
the NSA site (red star in Fig. 1). 20 - :
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Figure 1: SIC (see colorbar) and wind direction at maximum water
vapour transport (red barb indicates NSA location). Only SIC from
those directions are considered. ; Cloud Radiating Temperature 20
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direction of maximum transport (see grey lines in Fig. 1) 5 0.010: @ 0.02 Ty L L kel
. . . . - O [, —40 1 A
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> Figure 3: [a] PDF for CRE (Fltu cloudy - clear sky) shows a more frequent occurrence for cases when the clouds are coupled. [b] CRT

seaice |ead sea ice 'NSAA

. o , , estimated from clear-sky LW (LW,), fractional sky cover (LW,), indicating that warmer clouds are more frequent for coupled cases. [c]
Flgure 2: Sea ice interaction with observed clouds. Adapted from [9]

LW net radiation as a function of observed ice water path (IWP), where coupled F*¢* slightly decreasing when IWP approaches zero,

The virtual potential temperature 6, is analyzed to classity cases contrasting to LWP where F}*¢* drops strongly.

where the WVT is coupled or decoupled to the cloud. CRE is calculated based on cloudy observations and corresponding clear-sky simulations following [4] and [5] for longwave down-

@ Cloud coupling classification: criteria based on 6, and loca- welling radiation. Clear sky calculation is a state-of-the-art value added product from ARM [6].

tion of maximum water vapour transport
Coupled Cases e-coupled Case .
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I e Ground-based radiation observations at the ARM site at the North Slope of Alaska (NSA) have been analyzed for the g
winters 2012 to 2020. The data has been classified into sea ice - cloud coupled/ decoupled cases.
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: ﬁ _______ e Results are consistent with previous findings regarding the effect of low sea ice concentration (e.g., due tQd
I S =l polynyas) on cloud micro- and macro-physical properties [8].
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Classification for Cloud copling: Coupled — when the max WVT height is found

inside the mixing layer below cloud base (CBH) or in the cloud (left & middle). ® ClOUd prOpertiES like liqUid and iCe Water path (LWP and IWP), ClOUd base height, and ClOu (Ll
De-coupled— max WVT height is below the cloud mixing layer (green dash line). . . . .
strongly influencing the surface radiation budget.
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® Skin temperature is estimated considering SIC values: e Our results depict a warming cloud effect on the surface is clearly enhanced L

Torin(sic, Ts) = SST — SIC x (SST — T,) (1) which yiel coupling with the sea ice situation downwind.

So far only simulation of clear-sky for longwave downwelling

ith SST be; face t t d as 271.34 K), SI
with 557 being sea surface temperature (assumed as 271.54 K), SIC clear-sky simulations following [2] for the central Arctic sited

from 0...1, and 7T the surface temperature derived from observa-
tions as:
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characteristic NSA winter values [1, 7].
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AT = Tskin(Sica TS) o T2m (2)

Here AT in Eq. 2 is used as proxy for SIC dependent sensible heat
flux between the interface sea ice surface-atmosphere.
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