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Climate models have deficits in reproducing the atmospheric circulation and sea ice development in the Arctic. The parameterization of surface turbulent
fluxes describing air-sea ice-ocean Interaction could be a potential reason. The current ones have been estimated based on mid-latitude measurements. One
goal of the POLEX project Is to use a new suite of surface flux parameterizations [1], which are developed based on the SHEBA expedition data [2]. The
Impact of the new parameterizations on the regional Arctic circulation as well as on the large scale circulation will be studied.

2. Method 3. New parameterization

* Implementing the new suite of parameterizations in ECHAM®G6 with 3 levels of complexity. The interaction between atmosphere and sea ice-ocean
IS determined by fluxes:
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® Sensitivity runs of ECHAM-standalone with different parameterizations levels (see table Iin
SeCtion 3) Momentum flux: M = {C,JU? Heat flux: H = —pc
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®* Ensemble experiments with 10 members for 1996 (representative for high ice cover) and transfer coefficients
2007 (representative for low ice cover). Here the plots for 1996 are shown. Vel e e e e
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In ECHAMG, Louis(1979)-type f,,,-functions are chosen,
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~1g. 1. Ensemble mean sea level pressure in December 1996 of the control run (POLEXO; left) and di (GL18)[1].
4 and 2 to POLEXO (right). p-values < 0.05 are in black shading. £ =
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® Changing the surface parameterizations affects almost all surface field variables like SLP. o : £+038,
The magnitude of the effect depends on the background state and on the considered month I e, (A0 7 2SI 3 L2 NS )
(F1g. 1). New approach for &:

® For experiments with the original stability functions by Louis et al. (1979) (POLEXO0 and 3) ¢ = CRig + ARig" ,C = C(e,€),A = A(g, €, 7)
we cannot reproduce the observed structure of Hs/U10 as a function temperature gradient Instead of &= &(Rig, €, €;)
with a minimum at T10-Ts = 2°K (Fig. 2a). However, the new stability functions used In

GL18[1] in POLEX4 and 2 simulate SHTF as a function of AT closer to observation. For a Levels differ by the choice of € and €, as In the table below:
temperature difference larger than 2°K the magnitude of the heat fluxes decrease with Z0,i Zti
Increasing stability. Reference equation: Ch~SH—F. POLEXO 0.001 (original) Louis
V.AT functions
®* ECHAMG.3 overestimate the cloud over sea ice [4,5]. It Is consistent with our result shown POLEXS 0.00033 0.000066 (original)
In Fig. 3. Showing a larger area affected by clouds than In the SHEBA observations. POLEX4 0.001 (original) GL18
However, the well-known two states of the winter Arctic boundary layer, namely clear sky POLEX?2 0.00033 0.000066 functions

and cloudy (e.g. Stramler et al., 2011) are reproduced independent on the used closure.
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Fig. 2. a) Sensible heat flux normalized by 10 m wind as a function of the surface layer vertical temp. gradient in SHEBA, green line Is bin-averaged version of the new parameterization
values [6]. b,c,d,e) Bivariate PDFs of December, January, February temperature gradient (15t model level temperature — surface temperature) and
sensible heat flux normalized by 15t model level wind in ECHAM with different parameterization . (Variab|e roughnesg |ength)
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Fig. 3. Bivariate PDFs of December, January, February low-level stability and surface net longwave radiation in SHEBA observation [4] and
ECHAM with different parameterization .

References:
[1] Gryanik, V.M. and C. Liipkes (2018). An efficient non-iterative bulk parametrization of surface fluxes for stable atmospheric conditions over polar sea-ice. Boundary-Layer Meteorol., 124, 315-333 H E L M H 0 LT Z
[2] Uttal T, Curry JA et. al. (2002). Surface heat buget of the Arctic Ocean. Bull. Am. Meteorol. Soc., 83, 255-275.. EG U
[3] Louis, J.F. (1979), A parametric model of vertical eddy fluxes in the atmosphere, Boundary Layer Meteorol., 17, 187-202.

[4] Pithan et al. (2014), Mixed-phase cloud cause climate model biases in Arctic wintertime temperature inversion, Clim Dynam, 43(1), 289-303

[5] Kretzschmar, et al. (2019). Arctic clouds in ECHAMG6 and their sensitivity to cloud microphysics and surface fluxes. Atmospheric Chemistry and Physics, 19(16), 10571-10589. ALFRED-WEGENER-INSTITUT mmm

[6] Persson, P. etal. (2017). Linking atmospheric synoptic transport, cloud phase, surface energy fluxes, and sea-ice growth: Observations of midwinter SHEBA conditions. Climate Dynamics, 49(4), 1341-1364. HELMHOLTZ-ZENTRUM EUR POLAR-
[7] Stramler, K., A.D. Del Genio, and W.B. Rossow, 2011: Synoptically Driven Arctic Winter States . J. Climate, 24, 1747-176 UND MEERESFORSCHUNG



