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wiy  Ophelia was the farthest-east major
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|NAR/ hurricane observed in the satellite era
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Aims of the study:

1. To determine the
contributions of
different
atmospheric
forcing terms for
the evolution of
Ophelia

2. To identify which
of them led to the
strengthening of
the storm as post-
tropical
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INAR 0z0 diagnostic software

1.
OpenlFS: hourly output of 3 Wy = Vertical motion caused by vorticity advection
TV, Z’ ps’ Q and F fields / Wr = ... by temperature advection
/
Weotal —— Wq - by diabatic heating
\
\ Wr = by friction
2 w
. A =, byimbalance term
0Z0:
SOIVing of Indirect effect of vertical motion
generalized
omega
equation & 4,
;loll;gfi'g‘ a¢C [0 ¢ O¢ ¢ ¢
q o\ ot /), o - o . o o ot )
1St VGI‘SIOI’I Of the Software 0ZO0 v.1.0: software for solving a generalised omega equation and

~— P> the Zwack-OKossi height tendency equation using

pUb“Shed |n GMD WRF model output
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‘i\ |NAR/ Adiabatic & diabatic terms

Wy = Vertical motion caused by vorticity advection : :
/ Adiabatic terms
/, Wr  =... by temperature advection
Weotat —— Wq - by diabatic heating Diabatic term
\
\ Wrp = by friction
Wy _

= ... by imbalance term

¢ ¢ ¢ ¢ OC OC
o (), (3),+ (&), (50), (&),

Example: vorticity
tendency by vorticity
advection

Direct effect + indirect effects
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Vertical motion at 700 hPa induced by the forcing
terms in the tropical phase of Ophelia
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Low-level vorticity tendency induced by the
forcing terms In the tropical phase of Ophelia
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Ophelia developed to warm seclusion
extratropical cyclone

OpenlFS | Valid: 16-Oct-2017 09:00

60" N
50" N [0
40" N i . s
3 S NERC Satellite Receivifigf Station,
[ Dundee University, Scotland
278 284 s

Potential temperature at 850 hPa + Visible satellite image at 12.43 UTC
MSLP with 4 hPa intervals 16 October 2017



Vertical motion at 700 hPa induced by the forcing
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Low-level vorticity tendency induced by the forcing
terms in the extratropical phase of Ophelia
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Vorticity tendency [5"2]

Time series of vorticity tendencies at the
cyclone centre
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- Diabatic processes (purple) were dominating

- Net effect of vorticity advection (blue) negative due to divergent
circulation: divergent vorticity advection transports air with lower cyclonic

vorticity to the area of high cyclonic vorticity



In OpenlFS, the total diabatic heating

The contributions from different model

parametrizations to diabatic heating

rate consists of five parts:
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Vertical motion induced by the convection and
microphysics schemes
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- The post-ET intensification was
mostly due to latent heat release in
the warm front

— generation of cyclonic vorticity

- Emphasizes the importance of
resolving diabatic processes e.g. in
climate models

- Baroclinic processes:

- divergent VA was detrimental

- WAA + in the tropical phase, but
CAA - in the extratropical phase
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Vorticity tendency induced by the convection and
microphysics schemes
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Vorticity tendency by rotational and divergent
vorticity advection
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Divergent part ?

- Rotational
part close to
zero in the
cyclone centre

- Divergent part

clearly negative
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Divergent vorticity advection
transports air with lower
cyclonic vorticity to the area
of high cyclonic vorticity



Cyclone phase space diagram of Ophelia
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