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Outline
• Prediction of the MJO is a key component in developing multi-week forecasting 

capability
directly modulates weather throughout tropics (active/breaks, TC activity)
source of extratropical climate variability/predictability

• Introduce method to monitor and assess forecasts of the planetary-scale aspects of 
the MJO based on Wheeler/Hendon RMM

Focus on BoM POAMA model but compare with ECMWF (F. Vitart)

• Issues of translating forecast of planetary-scale MJO to regional climate
Requires a good simulation of the 3-d, time evolving structure of the MJO and ability to simulate 
teleconnection

MJO is not only source of multi-week predictability: SAM, ENSO, IOD

• International project to assess operational real-time forecasts of the MJO 
What’s the current capability of operational models? 
Are there common problems?
Can we monitor improvement as systems are evolved? 
Explore multi-model forecasts
Develop applications (e.g., forecasts of TC activity; active/break monsoon)



Madden and Julian (1972)

Diagnosing planetary-scale MJO 
(Wheeler and Hendon): The leading pair of 
EOFs of equatorially averaged U850, U200, 
and OLR describe the convectively-coupled 
vertically-oriented circulation cells of the 
MJO that propagate eastward along the 
equator.

Wheeler and Hendon (2004)



Example behaviour of the RMM indices for monitoring 
and forecast from 1st Jan 1986 using POAMA

Note: Computation of RMM uses 15°S to 15°N averaged OLR, u850, and u200 (Wheeler and Hendon, 2004).

Dots spaced 
5 days apart

Initial 
condition

Observed Forecast
U850



Evaluating forecasts of the MJO with RMM

1) Remove most recent 120d mean analysis/forecast

2) Project U850, U200, OLR onto observed EOFs

3) Score with bivariate correlation and rmse (Lin et al 
2008)

a1(t) and  a2(t) observed rmm1 and rmm2

b1(t,τ) and b2(t, τ) are forecast rmm1 and rmm2



POAMA1: Predictive Ocean-Atmosphere Model for Australia
T47 L17 atmosphere, tuned for a good MJO.

ACOM2 ocean (MOM2): 0.5°(lat) x 2°(lon) resolution near equator.

Ocean ICs: ocean data assimilation scheme

Atmospheric ICs: nudge to ERA-40 reanalyses. 

Hindcasts: 10-member ensemble from 1st of each month for 
1980-2006. 

Lagged ensemble is generated using atmospheric 
ICs from successively 6 hours earlier. 

Accounting for the lag  (2.5 days) is important for skill assessment



POAMA hindcasts 1982-2006
bivar iate cor relation, bivar iate RMSE, bivar iate amplitude

Method adapted from Lin et al. (2008), 

Rashid et al. (2010; Clim. Dyn.)

POAMA maintains realistic 
amplitude of MJO after ~7 
day spin up



T399/T255 EC Monthly

Vitart et al. (2010)

POAMA skill at 21 days is achieved by EC monthly at 24 days

T47L17 POAMA

Rashid et al. 2010



How does this “good” prediction of the planetary 
MJO translate into skilful predictions of regional 
weather/climate?

This depends on how well the forecast model 
simulates 3-d, time evolution of the MJO, 
especially rainfall (diabatic heating)



MJO composite 
NDJFMA 
season 

Fcst lead 

week 3-4

Marshall et al 2010

.

POAMA precip CMAP observations

interval = 0.5 mm/day

Phase 2

Phase 4

Phase 6

Phase 8



POAMA 1982-2008 Correlation of Composite 
MJO structure with observed in Indo-Pacific

Amplitude spin-up associated with a “structural’ spin-up



ECMWF monthly system (Vitart and Molteni, 2010)

ECMWF model precip ERA Interim precip
Nov-Apr

Week 3-4 
composite

interval = 
0.5 mm/day



Same thing for 
JJA season

.

POAMA precip CMAP observations

interval = 0.5 mm/day



MJO is also a 
source of 
global multi-
week 
predictability
POAMA 1982-2008

ROC  score upper 
tercile rainfall 
weeks 2-3

Strong MJO

Weak MJO



POAMA hindcasts 1982-2008

Area under the ROC curve (probabilistic skill): 
JJASON forecast start months

Lower tercile rainfall Upper tercile rainfall

Forecast for 
week 3-4

Persistence of 
week 1-2

ROC areas 
significant at the 
5% significance 
level are shaded 
(Mann-Whitney U 

test) 



MJO big (n=85)

JJASON forecast lead week 2 and 3
Rainfall anomaly correlation
Fortnight: AVERAGING WKS 2 and 3
window = 7:  average the obs MJO amplitude over the 7 day period starting on the IC date
MJO BIG: >1
MJO SMALL: <1

MJO small (n=77)



Other sources of multi-week predictability:  ENSO & IOD

Dependence of  rainfall forecast skill JJASON for weeks 3-4 on strength of ENSO/IOD

El Nino/La Nina strong

Neutral

IOD is strong

IOD weak

Overall skill



Modes of predictability: 
Southern Annular Mode

POAMA welol simulates weekly 
rainfall anomalies associated with 
the SAM (lead weeks 3-6) JJASON

JJASON forecast lead  weeks 2-3 
anomaly correlation

Large SAM Small SAM

(Anomaly correlations, JJASON, wks 2&3)

OBS rain POAMA rain (wks 3-6)

(SON)

SAM contributes to intra-seasonal 
rainfall prediction skill in POAMA over 
south-eastern Australia in JJASON



Hindcasts:
• 30 member (10 from p24a/b/c) ensemble 

• generated on the 1st, 11th and 21st of each month

• 1989-2008 (20yrs)

• 3 month (90d) forecasts
I.C.s: Ensemble ocean assimilation/atmosphere-land nudged ERA-40

Real-time:
• 30 member (10 from p24a/b/c) ensemble 

• generated once per week (forecasts available 0z Friday)

• 3 month forecasts

Perturbed atmosphere/ocean initial conditions generated 
via coupled breeding method

Proposed Structure for Multiweek Hindcasts 
and Real-time System POAMA2

Compatible with the 
International ISO Hindcast 
Experiment

(to be compatible 
with ECMWF)















• Develop products (TC activity, active/break)



Current Status of MJO/convection

As of 5 April 2011



5 April 2011 Forecast 
EC monthly



5 April 2011 
Forecast 
UKME 
MOGREPS



Development of the POAMA 
multi-week prediction system

POAMA-1.5 POAMA-2 
(Seasonal)

POAMA-2 
(Multi-week)

Data 
assimilation

PODAS
ALI

PEODAS
ALI

PEODAS
ALI

Ensemble 
generation

Hindcast: lagged atmos 
(6hr); no ocean 
perturbations
(10 members)

Real-time: daily lagged 
ensemble
(hindcast-realtime 
inconsistent)

Hindcast and real-time :: 
burst from first of the mnth, 
perturbed ocean intial 
condition); 30 members
Ocean perturbations from 
PEODAS; no atmosphere 
perturbations

Hindcasts and real time 
burst from mulitple statts 
per mnth)

Perturbed atmos initial 
conditions from coupled 
breeding).



Hindcasts:
• 30 member (10 from p24a/b/c) ensemble 

• generated on the 1st, 11th and 21st of each month

• 1989-2008 (20yrs)

• 3 month (90d) forecasts
I.C.s: Ensemble ocean assimilation/atmosphere-land nudged ERA-40

Real-time:
• 30 member (10 from p24a/b/c) ensemble 

• generated once per week (forecasts available 0z Friday)

• 3 month forecasts

Perturbed atmosphere/ocean initial conditions generated 
via coupled breeding method

Proposed Structure for Multiweek Hindcasts 
and Real-time System POAMA2

Compatible with the 
International ISO Hindcast 
Experiment

(to be compatible 
with ECMWF)



Generates coupled perturbations of both the atmosphere 
and ocean based on the breeding method

Yonghong Yin

Coupled Model integrations

1 day

Members  are rescaled 
and centred to the central 

analyses

Central unperturbed 
analyses: PEODAS and ALI

Coupled Ensemble Initialisation System

Initial conditions for the Multi-week system

Towards Coupled Assimilation...
Based on the PEODAS infrastructure



Ensemble Spread (stddev): 500hPa heights
Day 1 Day 10 Day 30

p15b

p24a

m24a

JULY



500hPa Geopotential Heights: Correlation skill (7-day running mean applied to forecasts)

Jan and Jul forecast starts; Region=SHEM 20-60ºS

m24a

p15b

p24a



Current capability of POAMA multi-week system for 
predicting Australian climate weeks 2-8



500hPa Geopotential Heights: RMSE & Spread (7-day running mean applied to forecasts)

Jan and Jul forecast starts; Region=SHEM 20-60ºS

p15b p24a

m24a

RMSE of 
Climatology

RMSE

Ensemble spread



Current status of Multiweek 
System based on POAMA2

• First version of the Coupled Ensemble Initialisation System (CEIS) has 
been run 1989-2009

• First trial hindcast set has been run (to evaluate the CEIS):

m24a: Jan and Jul starts, 1989-2009, 10 member ensemble

• m24a in the process of being analysed

• Technical structure of the CEIS and forecasts have been implemented 
in operations

Next steps
• Complete the analysis of m24a

• Finalise decision on coefficients required for CEIS and re-run if required

• Run hindcasts from the 1st of the month

• Run real-time forecasts

• Extend hindcasts to 11th and 21st of the month
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