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Project aim

• Predict tropical cyclone (TC) activity for the South Pacific 
(SPac) region using a coupled dynamical model (POAMA).
– BoM currently uses a statistical equation based on the historical 

relationship between the SOI, Niño 3.4 SST index and tropical 
cyclone activity.

– The last few years have highlighted the short-comings for such a 
method based solely on the historical record.

• Two approaches:
– [Phase I] Determine favourability of large-scale model 

environment to tropical cyclone genesis.

– [Phase II] Direct detection to tropical cyclone-like disturbances 
in model and use as a forecast for TC activity.



About the model

• Predictive Ocean Atmosphere Model for Australia (POAMA), 
version 2.4.

– Coupled atmosphere-ocean GCM developed by BoM and CSIRO.

– Components: ACOM2 (Australian Community Ocean Model 
version 2); BAM3 (the Bureau of Meteorology Research Centre 
Atmospheric Model version 3); OASIS3 (Ocean Atmosphere Sea 
Ice Soil version 3) coupler.

– Vital statistics: 30 member ensemble; T47 (~2.5°) L17 
atmospheric model; L25 oceanic model. 

– Seasonal version is initialised on 1st of every month and run for 
7 months. For current analysis use Oct run to cover Nov-Mar TC 
season.



Background – Environment, ENSO & TCs I

• El Niño-Southern Oscillation 
(ENSO) is the dominant 
mode of variability in the 
South Pacific.

• TC activity is enhanced in 
EN years and spreads 
further Equatorwards and 
eastwards, compared to LN 
years (Kuleshov et al. 2008, 
Dowdy et al. 2012)

• ENSO influence on large-
scale environment relevant 
to TCs has been investigated 
in several studies.

EN (17 yrs)

LN (8yrs)

TC data 69/70-09/10

ENSO years defined following 

Kuleshov et al. (2008).

Dowdy et al. (2012)



Background – Environment, ENSO & TCs II
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• TC genesis potential indices 
can be used to show 
favourability of large-scale 
environment to TC genesis.

– Vincent et al. (2010)  -
SPCZ variability with ENSO 
investigated using 
“convective seasonal 
genesis potential” index.

– Camargo et al. (2007) –
used Emanuel’s GPI 200-850 hPa shear
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Background – Environment, ENSO & TCs III

ENSO years defined following Kuleshov et al. (2008).

Data: NCEP2 & CMAP; NDJ 80/81-06/07



Background – Equatorial waves & TCs

• Schreck et al. (2012) has shown that 
equatorial wave modes contribute 
significantly to TC formation in the 
SPac (based on space-time filtered 
TRMM precipitation).

– Note multiple wave types may be 
involved in in a single TC 
formation event

• Space-time filtering follows Wheeler 
& Kiladis (1999).

• The total power in both OLR and 850-
hPa zonal wind show signals above 
red background noise that falls into 
various equatorial wave modes as 
defined using the shallow water 
equations.

Schreck et al. (2012)
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Evaluating POAMA - ENSO

• The ability of POAMA to 
provide useful forecasts of 
TC activity is dependent on 
the model’s ability to 
predict the state of ENSO.

• For seasonal ENSO 
prediction, POAMA shows 
skill in predicting NINO SST 
indices at 5-month lead 
times (i.e. out to MAM for 
1st October initialisation).

POAMA SSTs validated against HadISST1

Data period: 80/81-06/07



Evaluating POAMA – Environment I

200-850 hPa shear

< 16 m s-1

< 9 m s-1

Sfc. Rel. Vort. < 0

Prcp. > 4 mm day-1

SPCZ

ENSO years defined following Kuleshov et al. (2008).

Data: NDJ 80/81-06/07 (Initialised 1st Oct)

200-850 hPa shear

< 16 m s-1

< 9 m s-1

Sfc. Rel. Vort. < 0

Prcp. > 4 mm day-1

SPCZ

TC genesis

ENSO years defined following Kuleshov et al. (2008).

Data: NCEP2 & CMAP; NDJ 80/81-06/07

Observations POAMA



Evaluating POAMA – Environment I

• Representation of the SPCZ in 
POAMA is slightly too zonal, a 
common problem in GCMs.

• Associated with this, the areal 
coverage of mean cyclonic 
vorticity at the surface is larger 
than observations, and more 
continuous.

• Therefore, genesis potential 
indices would be expected to be 
slightly larger and cover a wider 
area than observational data.

• Any forecasts of TC activity based 
on GPI need to be calibrated 
against hindcast performance.

200-850 hPa shear

< 16 m s-1

< 9 m s-1

Sfc. Rel. Vort. < 0

Prcp. > 4 mm day-1

SPCZ

ENSO years defined following Kuleshov et al. (2008).

Data: NDJ 80/81-06/07 (Initialised 1st Oct)

POAMA
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Evaluating POAMA – Equatorial waves

• POAMA captures some 
of the equatorial wave 
modes identified by 
Schreck et al. (2012) as 
important to TC genesis 
in the SPac (e.g. ER) but 
with less power.

• The impact on TC 
precursors in the model 
is being investigated, 
along with the origin of 
non-equatorial wave 
mode TCs.
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Summary & Future Work

• Summary of Phase I:

– Representation of large-scale environment of SPac in POAMA is 
reasonable when stratified by ENSO phase, although the SPCZ is 
generally too zonal.

– POAMA captures equatorial wave modes important for tropical 
cyclogenesis in the SPac (e.g. Equatorial Rossby waves, and a weaker 
Kelvin wave signal).

• Upcoming work:

– Evaluate POAMA’s ability to represent the variability in genesis 
potential index and the relationship to tropical cycogenesis.

– Investigate the direct detection of tropical cyclone-like disturbances in 
POAMA (Phase II) and suitability for future TC activity prediction.

– Evaluate the forecast skill of the two methods of predicting TC 
genesis/activity in the SPac using POAMA.


