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Ensemble forecasts are expected to play an important future role
in extreme weather events, such as tropical cyclones, which in-
flict damage and destruction in Northern Australia during southern
hemisphere summers. Tropical cyclone forecasting remains defi-
cient for both track and intensity, which can be partially addressed
by ensembles. In this study, regional ensemble forecasts of some
recent tropical cyclones in the Australian region are verified against
analyses in a multiscale framework, with a focus on mean sea level
pressure (MSLP), and 10 metre winds.

ACCESS is the Australian Community Climate Earth Simulation
System [5], and AGREPS is its global and regional ensemble pre-
diction system, analogous to the UK MET OFFICE MOGREPS [1].
A 24 member global ensemble, with horizontal resolution 90km
and 50 vertical levels, drives its regional counterpart on a domain
extending from -65°S to 17.125° N, 65°E to 184.6°E, with 0.375°
(40km) resolution. Regional short range forecasts extend to 72
hours, convenient for tropical cyclone lifespans.

Multiscale verification applies standard verification procedures to fil-
tered forecast results and analyses, representing selected spatial
scales. Planetary, synoptic and subsynoptic scales were consid-
ered by Jung and Leutbecher [3], by wavenumber domain parti-
tioning on the ECMWF global ensemble. Four spatial scales, along
meridional segments, were provided by an orthonormal wavelet
transform for multiscale regional forecast verification in [7].
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Figure 1: Quasi uniform geodesic grid, comprising 8385 points, constructed by
7 subdivisions of a spherical equilateral (icosahedral) triangle covering the Aus-
tralian continent. Grid values shown are the mean MSLP error (ensemble mean-
analysis) at T+48 for the TC YAsI forecast. Also included is the analysis track
estimate, which enters the triangular subdomain between T+24 and T+30.

To facilitate a multiscale error-spread analysis, this study employs
a modified spherical wavelet transform of the type introduced by
Schréder and Sweldens [6], implemented by the Lifting Scheme on
a spherical triangular subdomain positioned over the Australian con-
tinent, shown in Figure 1. This triangular subdomain is identical to
one of 20 spherical equilateral triangles that constitute an icosahe-
dron, and is subdivided 7 times, producing a quasi-uniform geodesic
grid hierarchy [4, 2]. Prior to verification calculations, forecast and
analysis data is interpolated from the parent latitude-longitude grid
onto the new triangular sub-domain [8].

For wavelet construction, the Lifting Scheme [6] is eminently capa-
ble of handling curved surfaces, bounded domains, and irregular
sampling, all of which are present in the mesh hierarchy of Figure 1.
The inverse transform formula (1) is expressed as a coarse approxi-
mation furnished by scaling functions ¢ x on the bottom level mesh,
and sets of wavelet functions v ¢, representing the hierarchy of finer
scale meshes, indexed by j

N
Y= dokeuk+ D > vkl (1)
k

j=0 k

where k is the location index, and y is the grid data. Wavelet co-
efficients vy, encode the difference between fine and coarse mesh
representations of the underlying data, and are calculated by re-
cursive filtering, with each step involving a “fine” (child nodes) and
“coarse” (parent nodes) mesh [6].

Scale j 0 1 2 3 | 4 5 6

# Wavelets vy | 3 9 30 | 108|408 | 1584 | 6240
Distance (km) | 7000 | 3500 | 1750 | 880 |440| 220 | 110
Table 1: Wavelet basis details, pertaining to the inverse transform formula (1), on

the quasi-uniform geodesic grid of Figure 1, where nominal refers to distance
along a side of the original spherical equilateral triangle.

After filtering the entire ensemble according to (1), and associated
verification at each analysis time, error and spread calculations
are performed on each of the filtered components to yield a set of
curves, each representing a scale from Table 1. Underlying these
calculations are the wavelet coefficients v, of the ensemble mean
error, which also deserve attention in their own right, for their local
feature detection ability.
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Tropical cyclone YASI [9] crossed the Queensland coast during the
early hours of February 3, 2011. Most of its lifespan was captured
by the ensemble forecast started at 18UTC on January 30, 2011,
which culminates a few hours after landfall at T+72. At T+48, Fig-
ure 1 displays the ensemble mean MSLP error, together with a cy-
clone track estimate for the verifying analysis. A distinct positive
error patch occurs over the cyclone, resulting from overprediction of
the analysed central pressure, which is itself also an overprediction.
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Figure 2: Wavelet domain view, or coefficient spectrum, for the mean MSLP error
field in Figure 1, displaying all coefficients ~; from all levels.

In the wavelet domain, the mean MSLP error field of Figure 1 trans-
forms to the coefficient spectrum of Figure 2, which simultaneously
displays all coefficients v from all levels at their respective grid
locations. The spectrum comprises a typical “sea” of small coeffi-
cients and a few local clusters of relatively large coefficients, rep-
resenting signatures of particular features in the original domain of
Figure 1. For the cyclone, a closer view appears in Figure 3.
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Figure 3: Zooming on error coefficient
spectrum, in the cyclone track vicinity.

Zooming on the cyclone vicinity in the coefficient spectrum of Fig-
ure 2 produces Figure 3, which shows a strong coefficient very
close to the estimated analysis track. This “spectral peak”, located
within a grid spacing of the analysis track position estimate, actually
belongs to level 4 (~ 450 km), indicating a key scale of interest.
Reconstruction of this error component according to (1) at T+48,
and subsequent times, produces the sequence shown in Figure 4,
indicating a persistent “mexican hat” type structure, with highest
strength at T+66, just before landfall.

Figure 5: Ensemble mean MSLP error
components at T+48.

Figure 6:
curves for the TC YASI MSLP forecast.

Reconstructing all level components at T+48 gives the set of im-
ages in Figure 5, each of which is verified against its filtered analysis
counterpart, along with the unfiltered version, at all forecast times
up to T+72. The final domain averaged products are given in Fig-
ure 6, which is a set of multiscale error-spread curves, displaying
fine scale underspreading for the forecast duration,( levels 5,6).
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Figure 7: Ensemble mean 10m zonal
wind error components at T+48. ror wavelet coefficients, at T+48.
For the 10 metre zonal wind forecast, filtered error components at
T+48 are shown in Figure 7. Negative and positive error lobes
above and below the track in the unfiltered result, due to weaker
mean wind components, are repeated on levels 4 and 5, and also
reflected in the wavelet coefficients of Figure 8, again showing spec-
tral peaks. Error-spread curves also exhibit fine scale underspread-
ing for the forecast duration, as for MSLP in Figure 6.

Figure 9: Mean MSLP error at T+48, cy-
clones DIANNE and CARLOS.

Figure 11: Level 3 mean MSLP error
component at T+48.

Figure 4: Level 4 mean error compo-
nent time evolution, from T+48 to T+66.

Figure 13: 10 metre zonal wind coeffi-
cient spectrum at T+48.

Multiscale error-spread

Figure 8: 10 metre zonal wind mean er-
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Two weeks after TC YASI, TC DIANNE and TC CARLOS were simul-
taneously active, DIANNE off the West Australian coast, and CAR-
LOS in the Darwin area, both captured by an ensemble forecast
started at 06UTC on February 16 2011. At T+48, the mean MSLP
error field is shown in Figure 9, with associated wavelet coefficient
spectrum in Figure 10. Distinct coefficient clusters appear over each
cyclone, with the maximum absolute coefficient || occurring on
level 3 (~ 900 km), about 1 grid spacing from the DIANNE analysis
track estimate.
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Figure 10: Wavelet coefficient spectrum
for mean MSLP error at T+48.

The spectral peak on level 3 in the coefficient spectrum of Figure 10
invites examination of the corresponding reconstructed component,
shown in Figure 11, which indicates complete domination of the
larger cyclone DIANNE, and an unrelated strong error feature over
the city of Adelaide, roughly 4000km away. On the next finer scale,
level 4(~ 450 km), cyclone CARLOS shows its distinct error features
in the accompanying Figure 12.
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Figure 12: Level 4 mean MSLP error
component at T+48.

For 10m zonal wind at T+48, the maximum absolute coefficient ||
in the spectrum of Figure 13 occurs on level 3, at the same location
and scale as that recorded for MSLP in Figure 10. Reconstruction
of this error component produces the result in Figure 14, showing
a strong contribution over TC DIANNE, which dwarfs that from the
smaller TC CARLOS, as in the MSLP case of Figure 11.

i T+48 ul0m Mean Error Level 3
S T s ~ T
s T it iy
B H 2 Py o
. 2 0 ) .
j’ YA O - 1’ Y S
& -5 » &

125 130 135 125 130 135 1
Longitude ° Longitude °

Figure 14: Level 3 mean u10M error
component at T+48.

Repeating the multiscale error-spread curves for the Di-
ANNE/CARLOS MSLP and 10 metre wind forecasts again displays
fine scale underspreading for the entire duration.

» Wavelet coefficient spectra for MSLP and 10m zonal wind en-
semble mean error fields have produced spectral peaks close
to the estimated cyclone analysis track.

Fine scale underspreading was observed across the forecast
duration for MSLP and 10 metre winds, in each case.

More cyclones need to be examined in the multiscale frame-
work, possibly with different wavelet bases.
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