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Motivation und theoretical background

Goal (here exemplified with the help of the Held Suarez test run with the ICON-IAP model): P 4 )

 understanding and visualization of net mass fluxes in the atmosphere T \//éfj/////;/;;//

 generalized nonlinear and threedimensional viewpoint of the residual circulation /;/%j;

Constituting steps for the generation of transformed equations as seen with local dynamics and wave dynamics: P /Z/\Z;/\/i - \

local dynamics wave dynamics V Y . e
inactive flow? (no inherent assumptions) 1) time/zonal mean of u- and 6- equations g y 4

B: Bernoulli function The inactive wind blows along closed streamlines — the intersection lines of B- und -
P: Ertel’s potential vorticity (EPV) surfaces (upper left). The upper right sketch exaggerates the B-isolines on an isentropic
O: potential temperature surface as is given for a real case in the lower right panel (B=314 kJ/kg, ©6=315 K). Actual

wind vectors follow the streamlines closely. Colors mark the height of the isentrope. The
lower right sketch shows longitudinally consecutive intersection points of B and 8 in the

inactive EPV-flux

2) transformation of equations and definition of active wind inactive waves? (assumptions: small amplitudes, non-divergence)
L _ L _ _ meridional plane on the northern hemisphere. As expected for Rossby waves, one
Uf) =V —Vig Ve'activewind, v;e: inactive ﬂrflm encounters elliptically shaped paths, where the lowermost point is located further north
0.V —R =—w, XV, + cpIl VO M,:=1— Cw‘(‘u_)_ =0 —v° = than the uppermost point.
0.0 —Q = —v,- V0 P The dynamical state index (DSI) of Weber und Névir (2008) is equal to the advection of
0:p — pU;p " VInP = =V - (pv,) s Ertel‘s enstrophy by the inactive wind, DSI := v, - VP? /2. If the DSl is deviating from zero,

9:(pP) = =V - (pv,P — 0,0 + V8 X }_3’) the atmosphere is in an unbalanced state. Extreme weather events may occur. Ayveighted
DSI is present in the transformed continuity equation as a source term: DSI := pv;,
V' In P. A deviation of the DSI from zero indicates a transition between active and inactive
mass flux. The residual mass flux of the TEM equation is however non-divergent. This means
that ideal wave parts (represented by the Stokes drift) and real wave parts (represented by

3) time/zonal mean of EPV-flux equation 3) transformation of u- and 8- equaitons (Transformed Eulerian Mean)

~V0 X (g X Vg) + wg(vg - VO) = pv P 0, i —R, =v*(f+{) —w*d,ui + p,~ 1V - EPF

V0 x (8,3 — R) — 0q(0:0 — Q) = pvgP + pvg P’ 7_0 3.0 “ly -EPF,, = v'q’ dual circulati - -
t a0t PVq PVq 00 —Q =—w"0,0 Pr ag q the residual circulation) do not interfere with each other.
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PVq P’ imitates the role of the Eliassen Palm flux divergence 0= —pr0yv" + 0,(prw") q-quaslg P l ¢ T v Lt :
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Advantages of local viewpoint and local transformation: SON —J7d 7= AR N _ _ _
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* The central role of the EPV-flux underlines the concerted action of momentum and heat fluxes. This aspect is not so obvious in the o SIS WSS R e S S T
. . ciy . . . . | N N e A LS STttt | X 6.0 =
TEM equations. There, the (gg) PV-flux is counted within the momentum equation even though is has aspects of both: hydrodynamics i e g - =
and thermodynamics. 40 - :
* The contribution of Ekman dynamics in the atmospheric boundary layer becomes obvious. This is impossible to be taken into account %08 7 20 :
with the concept of the residual circulation, because the Stokes drift is unable to see the Earth’s surface. 908 S ,
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* The contribution of the diabatic processes constitutes a net vertical mass flux. B . 00 200 I4o.<[)d ] 600 800
km — at [deg
* The renouncement of the wave dynamical viewpoint allows for averaging over nonperiodic domains or in time. 3 4 5 6 7 8 9 10 1
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The left panel shows the horizontal active wind vectors in the atmospheric boundary layer together with the surface pressure (contours) and DS/* (colors). If air is sinking in the cold part of the cyclone, the flow leaves the inactive path
and is influenced by friction. Thes means a sink for the inactive flow part and a source for the active flow part. The weighted DSl is positive, then. The contrary is true for the warm conveyor belt.

Filamention of vorticity streamers is an indication of breaking Rossby waves. Quite frequently, poleward active winds are present in the region of low absolute values of EPV (middle panel). In the region of hight absolute EPV values,
active winds are weak and point equatorward. This is valid vor synoptic and planetary waves in the upper troposphere/lower stratosphere (middle panels). The active vertical wind in the stratosphere (right panel) displays the signature

of gravity waves and slow sinking.

Time und zonal mean ot the active windes compared to residual and Eulerian mean winds
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