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Axisymmetric steady state model

Above PBL

Hydrostatic
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T
Gradient wind
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tangential wind

Emanuel 1986
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Advection of a Gaussian Hill

Eulerian Quasi-cubic Spectral bicubic

ax=91.7276 day=20 min=-13.5444 max=83.6168 day=20 min=-0.769455 max=93.7646 day=20 min=-0.017665

Dispersion Dissipation




Quasi-cubic Interpolation




Bicubic Interpolation

Derivatives




Spectral bicubic interpolation
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Over/under-shootings
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Spectral bicubic T1 19 CFL=5.2 filter+fix
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Preservatlon of function relation

ZO overshooting
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Lauritzen and Thuburn 201 |



MIXIng properties
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Cross analysis—model experiments
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Lupit 2009

~JMA GSM T319L60 Operational NCEP GSM T382L64
b} | ——— = oS frac

— GFS-ECMWFINnIt.

Stk Best trac

HFS-NCEPINIL.
GFS-JMAINIt.

Reburvature with
ECMWEF analysis

Yamaguchi et al. 2012  initial: 12 UTC 21 October

Sensitive to IC
Insensitive to model

T. Miyachi




Parma 2009

JMA GSM T319L60 Operational NCEP GSM T1382L64
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P GSM

— BestTrack
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Best track

“ g ; ; 72 h error reduced from
125°6 130°E  135°E | 932 Km to 296 km with
JMA analysis

| thtle |mprovement with -
~ ECMWEF analysis

Yamaguchi etal. 2012 jpjtigl: 12 UTC 30 September T. Miyachi




Positional error
NW Pacific 2009
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Along/Cross track error
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Sensitivity to model resolution

+ OpenlFS Cy40r1v2, TL139, 255, 511, 1279L60, T1279L91

- Initial condition: ECMWF operational analysis

- |nitial time: 12UTC, 9 June 2013
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6 h-accumulated

TL159L60 TL511L60 TL1279L60 precipitation mm

Init: 12 UTC, 9 slp hPa acc prc . prcp mm 2013060912+FT12  slp hPa acc prcp mm 2013060912+FT12
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300 hPa Z gpm
TL159L60 TL511L60 TL1279L60 wind speed m/s
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AXisymmetric vorticity
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AXIS non-symmetric winds

TL159L60 TL1279L60 FT42
1000:700hPa 1000:300hPa

(u',v’) m/s 1000:700hPa 2013060912+FT42 (u',v’) m/s 1000:300hPa 2013060912+FT42

130° 135° 140° i 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 i 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17



Tropical cyclone as a Carnot heat engine

radiation

ocean Emanuel 1986
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The physical processes that were previously considered to
be “minor” have become “substantial”
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