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The Ekman - Akerblom model can be used to describe a velocity in the ocean or atmosphere
boundary layer:
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, ze[0,H], u(0) =v(0) =0, u(H) =u,, v(H) = v, (1)
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where (u(z),v(z)) is the vertical profile of the horizontal flow, <ug,vg> is the geostrophic wind, | is the

Coriolis parameter, and H is the boundary layer height. The turbulent exchange coefficient k in the
approximate model of the boundary layer can be defined by various ways. Ekman (1905) and Akerblom
(1908) used the simplest version: k =const>0. Many various parameterizations for the coefficient
k(z) were considered during the next century assuming that k can depend on the coordinate z, on the
temperature stratification T(z), etc. In order to compare the skill of boundary layer parameterizations we
could include them to a general atmospheric circulation model (GCM) and analyze its performance.
However, finally the comparison results (which require long numerical experiments) may be depending
on the GCM applied.

We introduce here an alternative approach: we suggest to use an archive of measurements with a
good vertical resolution (obtained e. g. from radiosondes in BUFR code) and determine an “optimal”
coefficient k(z) by minimization of the residual of system (1). We integrate (1) with respect to z and

introduce its residual. The averaged residual is the integral functional, and we minimize it:
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Here we use the summation over a set of measured wind profiles. For the residual of relation (1),
the variational approach gives the corresponding Euler equation and the transversality boundary
conditions. If we search for k(z) in the form of a piecewise linear function, then the minimization
problem (2) is a quadratic programming problem with sparse matrix, and we can use classical numerical
methods.

We can use an ansatz from the following: k =k(z), k =k(z/H), k = k[\/(ézu)2 +(61v)2} etc

for the minimization of (2). If the inequality k(z) > 0 is active during the minimization, i.e. the extremal
k(z) is not strongly positive, the restriction should be revised to provide a stronger minimization. If we
obtain an extremal k(z) =0 that vanishes in some segment A < [0,H ], and the solution (u(z),v(z))
of system (1) does not exist. We should modify system (1):
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This system has a smooth solution if k*+ 5 =0, and therefore we do not need the restriction
k(z) > 0 any longer. Now we minimize the functional
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We defined (see e.g. [Troen and Mahrt 1986]) the height of the boundary layer H as the first
root of equation

o(H)=0, (0) -

where ® is the potential temperature and ®,, is the potential virtual temperature. We only considered
the profiles, where the root belonged to the interval 2000m > H >200m. The condition is fulfilled for
40% of the profiles (2665 radiosondes with mean height H ... =534m). In Fig.1 we show the results of

optimization for @) k(z) >0, »(z)=0. and b) k,y - arbitrary. In case @) the mean error according to

formula (4) for this evaluation is equal to 7.3-10°m?* /s, while the correlation between left and right parts
of system (3) is 21.6%. In case b) the mean error is 3.5-10°m?*/s, and the correlation is 54.7%.

Results. If we substitute real wind profiles into the Ekman — Akerblom model there is a
significant residual. We conjugate information about the real wind profiles with the Ekman — Akerblom
model or its generalization. In case b) the optimal coefficient k =k(z) is not strongly positive. The

maximum of the new coefficient y(z) is substantially greater than the maximum of k(z).
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Fig.1. Optimal coefficients (in m*s™) a) y(z/H) =0 ; b) arbitrary functions k(z/H), y(z/H)
References

Akerblom F. Rechercher sur les courants le plus bas de lI'atmosphere au-dessus de Paris. Nova Acta,
Regic Societatis Scientarum. Upsala Ser. IV, V.2, Ne2, 1908, 203-251.

Ekman V. W. On the influence of the Earth's rotation on ocean currents. Arch. Math. Astron. Fysik.,
Bd.2, H.1/2 (Ne 11), 1905. 1- 52.

Monin A.S., Yaglom A.M. Statistical Fluid Mechanics. V.1, Mechanics of Turbulence. Dover Books on
Physics, 2007.

Troen I., Mahrt L., 1986: A simple model of the atmospheric boundary layer, Boundary-Layer Met. 37,
129-149.



	BB_17_S4_beg
	04_Araki_Kentaro_High_Resolution_Simulation_of_Orographic_Snowfall
	04_Bykov_Philipp_Inverse_problem_for_Ekman___Akerblom_model
	04_Frassoni_Ariane_PREP_CHEM_SRC_VERSION_1.8
	04_Wada_Akiyoshi_Cloud_sensitivity_in_7_km_DFSM
	2. Experimental design
	3. Results
	3.1 Track prediction
	3.2 Intensity prediction
	3.3 Precipitation pattern
	(a) (b) (c)
	The cloud parameter ‘cwcadd’ affected the track predictions of Lionrock (2016). However, this is a result of a single tropical cyclone case. Thus, we need to do sensitivity experiments for more tropical cyclone cases. In addition, we need to study how...


	04_Wada_Akiyoshi_Surface_boundary_Sensitivity_in_7_km_DFSM
	2. Experimental design
	3. Results




