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Height Tendency calculations for WRF model output by using a
Generalized Omega Equation and the Zwack-Okossi tendency equation
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The development of an idealized low pressure system was studied by using a generalized omega equation and
the Zwack-Okossi height tendency equation. With the generalized omega equation, the vertical motion field was
first divided into components associated with different physical forcings: vorticity advection, thermal advection,
friction, diabatic heating, and an imbalance term between vorticity and temperature tendencies. After this, the
corresponding height tendencies were calculated with the Zwack-Okossi tendency equation. The resulting height
tendency components thus contained both the direct effect from the forcing itself and the indirect effects (related
to the vertical motion induced by the same forcing) of each physical mechanism. This approach has an advantage
compared with previous studies with the Zwack-Okossi equation, in which vertical motions were used as an
independent forcing but were typically found to compensate the effects of other forcings.

To produce input data for the calculations, we used an idealized baroclinic wave simulation by the WRF
(Weather Research and Forecasting) model. We found that vorticity advection favors the deepening of the
simulated cyclone in its early stages of development but later on diabatic heating is the main intensifying forcing.
The imbalance term also contributed to the deepening, whereas the effect of thermal advection was discovered
to be very neutral. Naturally, friction was working against cyclogenesis by producing positive height tendencies
during the whole cyclone life cycle.

This technique is also potentially useful for investigating the effects of climate change on the physical
mechanisms that contribute to cyclogenesis. A simple approach to this is to repeat similar calculations for WRF
simulations with higher SSTs as the lower boundary condition. Finally, the main emphasis of the study has been
to include the whole height tendency calculation algorithm in a program, which will be available in public.


