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Tue "tropical 30 to 60-day oscillation", or the "Madden and Julian Oscillation" 

(MJO) is the dominant process in the global tropical troposphere on the intra-seasonal time 

scale. Intriguing aspects of the MJO are, among othcrs, its remote cffect on mid latitude 

weather, its impact on the surface layer of the tropical Pacific, its connection with the 

gcncsis of tropical cyclones and with the onset and breaking of the monsoon, and its 

coherencc with the length-of-day. 

In this contribution, an index of the MJO is derive.d that allows one to quantify 

objectively the effect of the MJO on the various processes. This index is derived from 

operation NMC da.ily analyses of 200 mb velocity potential . 

Using t.his index, the suggested remote link of the MJO on the ex.tratropics is 

identified as being strongly maske.d by noise. Thus it appea.rs unlikely that this link might 

successfully be used to improve the prediction of extratropical weather. Simila.rly, die 

phase lock of tropical cyclogc:nesis with the MJO is statistically significant but fairly weak. 

In the ocean, the MJO is responsible for the excitation of oceanic Kelvin waves that 

prop.agatc along thc cquatorial wave guide in a few months to the Peruvian coast 

First attempts to quantify the performance of numerical weather prediction models 

in forecasting the MJO indicate little skill. 'Tue operational NWP products are often inferior 
not only to the simple statistical POP forecast but cven to the trivial pers i s tcnce forecast 
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Results shown are from ... 

• literature 

• own papers: 
- Storch et al., J.Geophys.Res. 1988 
- Storch & Xu, Clim. Dyn. 1990 
- Storch & Baumhefner, Clim. Dyn. 1991 
- Storch & Smallegange, MPI report 64 



Overview 

• The MJO 
- in direct ly measured parameters 

(SLP and OLR) 
- in derived parameters ( velocity potential) 

• The POP analysis of 
equatorial velocity potential 
- the POP index of the MJO 
- the OLR sig nal and the Indian Monsoon 
- the length-of-day and the MJO 

• Predicting the MJO 
- by the POP method 
- by GCMs (NCAR CCM; ECMWF; JMA) 
- predicting the forecast skill? 

• The oceanic response to the MJO. 

• The MJO in GCMs. 
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FIG. 8. Schen1atic showing rms amplitudes (W m-2) of OLR at 
differen� frequency bands as defiI).ed in the text. First number inside 
the bracket denotes summer value an·d the second winter value. 
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POP Analysis 
(POP = Principal Oscillation Patterns) 

The POP method is used to infer time scales and 
characteristic patterns from vector time-series. 

The result of of a POP analysis of a vector time series 
x(t) is a set of 
- pairs of patterns P1 and P2 
- two time series of c oef ficients z1( t) and z2( t) 
- two characteristic numbers, 

namely a period P and a damping time T. 

A space-time coherent signal in x(t) is desc ribed �Y 
z1(t)P1 + z2(t)P2 

and the two time series z1(t) and z2(t) oscillate 
c oherently, with a mean period of P, with z2(t) leading 
z1(t) by about 90 degrees. 

Thus, the two patterns appear in damped infinite 
cycles 

.... P2 .... P1 .... -P2 ..,. -P1 .... P2 ..,. -P1 .._. 

One cycle is, on the average, completed in the time P. 
An initial; amplitude of length 1 is reduc ed to 1/e in 
the time T. 
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POP Analysis of the 

MADDEN and JULIAN Oscillation 

• Vector time series x(t) is equatorial velocity potential 
at 200 mb (daily NMC analyses May 1986 - April 1988) 

• NO PR EPROCESSING of the data besides the removal of 
the annual cycle. 

• 1 relevant POP pair found. 
Period P • 4 4  days 
Damping time T • 13 days 

• Spatial pattern is zonal wavenumber 1. 
Pat tern propagates eastward. 
Coefficients are highly correlated w ith Indian Ocean OLR. 

• POP describes MJO. 
Coeffcients (z1,z2)(t) form bivariate index of MJO 
(•pop index of MJO"). 
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Fig. 3. Time series of POP coefficients, z1 (r) (conrinuous line) and 
z2(r) (dashed /ine), of the solid line patterns p1 and p2 shown in 
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POP Prediction of the MJO 

The complex POP index 

[z1 + i z2)(t) 

develops, according to the POP analysis, with 

(z1 + i z2)(t) • exp[=2*i*pi*t/P) (z1 + i z2](0) + noise 

Thus, the POP index can be predicted. 

Using 5 years of data we examined the skill of the POP 
technique to predict the POP index of the MJO. 

60% of the data represent independent data which have 
not been used to derive the POP model. 

By multiplying the POP index with the pattern a forecast 
of the fields is obtained. The skill in forecasting the 
equatorial velocity potential field is examined. 

The POP prediction is used as a reference for the skill 
of forecasts prepared by GCMs: 

- NCAR CCM ex perimental 1-month forecast 
- one year of operational 10-day forecasts 

prepared with the ECMWF T106 model 
- one year of operational 8-day forecasts 

prepared by the JMA model 

pred ict 
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Conclusions 

The MJO and its POP-index 

• The MADDEN and JULIAN Oscillation (MJO) is the 
strongest regular signal on the intra-seasonal 
time scale. 

• The MJO is monitored by its POP-index which is derived 
f rom daily equatorial velocity potential. 
The POP-index may be used to describe the MJO-related 
variability in 
- the length-of day 
- the intra-seasonal variability of the Summer Monsoons 
- the frequency of tropical cyclones 
- the tropical sea-level 

• Presently, the MJO is not good predicted by Numerical 
Weather Prediction Models. The skill of POP-forecast 
indicates that the MJO is predictable at least for 
10 days. Possibly, the strength of the MJO in an initial 
field is a predictor of the MJO forecast skill. 

• Low-resolution GCMs, which are used in climate st udies, 
reproduce the MJO. The spatial patterns are correctly 
simulated, the phase speed, however, is about doubled 
compared to the observations. 
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