
Summary
The polar atmospheric surface layer is often stably stratified, which strongly influences turbulent transport processes between the atmosphere and sea ice/ocean. Transport is 
usually parametrized applying Monin Obukhov Similarity Theory (MOST) which delivers transfer coefficients as a function of stability parameters (see below). In a series of 
papers (Gryanik and Lüpkes, 2018;  Gryanik et al., 2020,2021; Gryanik and Lüpkes, 2022) it has been shown that differences between existing parametrizations are large, 
especially for strong stability. One reason is that they are based on different data sets, for which the  origin of differences is still unclear.  In this situation Gryanik et al. (2021) 
as well as   Gryanik and Lüpkes (2022) proposed a numerically efficient method, which can be used for most of the existing data sets and their specific stability dependences. A 
package of parametrization resulted  that is suitable for its application in weather prediction and climate models. Especially, calculation of fluxes over sea ice were improved. 
Combined with latest parametrizations of surface roughness it has a large impact on large scale fields as shown recently by Schneider et al. (2021) who applied some members 
of the package. 
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Calculation of fluxes based on Monin Obukhov 
Similarity Theory (MOST) (Iterative Method)

Normalized stability dependent transfer coefficients

ψ-functions are the stability correction functions, for which many different versions exist (see Fig. 2)
εm and εt are roughness parameters for momentum and for heat

Since ζ = z/L depends on M and H, iteration is necessary

Stable stratification is a common feature in polar regions and similarly, during 
night and whole day in snow covered mid-latitudes.

Figure 1: Arctic wide relative frequency of
occurrence of the near-surface bulk
Richardson numbers Rib in March 2019
(red) and during individual days (blue). 
Analysis based on ERA-Interim data
(Gryanik et al., 2021). 

 Strong stability (Rib >0.07) occurs approximately as
often as
weak stability (0 < Rib < 0.07) 
(compare areas below red curve)

ψma and ψha are MOST stability functions for prescribed ζ = ζa

Rib is the bulk Richardson number, 
Pr0 is the neutral-limit turbulent Prandtl number

Only two constants have to be fitted (γ and ζa) to obtain the 
detailed iterative solution ζ(Rib).

Gryanik and Lüpkes (2022) provide the values of  constants 
γ and ζa   for the most famous sets of stability correction 
functions ψm and ψh.

After inserting these values in the above equation for ζ and using 
this ζ in equation (1) the system is closed and fluxes can be 
determined.

Figure 2: Examples of stability correction
functions ψm(ζ) for momentum and
ψh(ζ) for heat with ζ= z/L, where z is
height and L is Obukhov length.

Curves agree well for near-neutral conditions
but strongly diverge for growing stability.

All curves are based on famous data sets, 
thus climate models should test their
sensitivity to parametrizations of transfer
coefficients based on the different 
ψ-curves obtained at different places in the
world. An efficient method for this test is
provided by our new parametrization..

Figure 3: Results for normalized transfer coefficients valid for sea ice conditions

Figure 4: Normalized transfer coeffcients for momentum valid for sea ice (blue curves) 
and very rough (green) and very smooth  surfaces (red). 
Solid lines represent iterative and dashed lines non-iterative (new) schemes. 

Red curves (functions of Gryanik et al. 2021) (our development) shows best 
agreement with SHEBA measurements (symbols). 
Scheme used in the ECMW-model strongly overestimates mixing for Rib >  0.1. 

It is remarkable  that the scheme obtained with  adjusted Zilitinkevich et al. (2013) functions  
(ZEKRE13, two left hand panels)  shows similar agreement with SHEBA (symbols) as our  
functions (GLGS20, two right hand panels), although they were developed on the basis of 
different data sets (ZEKRE13 based on LES, GLGS20 based on SHEBA).
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Figure 5: Normalized transfer coeffcients for heat valid for sea ice (blue curves) 
and very rough (green) and very smooth  surfaces (red). 
Solid lines represent iterative and dashed lines non-iterative (new) schemes. 
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