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1) Monsoon indices, active and break monsoon days 

2) Impacts of the Madden-Julian Oscillation  (MJO)  

3) Skill of S2S models (CFSv2 and ECMWF) in simulating the 

MJO and its teleconnections to South America 

4) Influence of the MJO on active and break phases of the  

South American monsoon in observations and models 

5) Subseasonal prediction of South American summer 

monsoon indexes with CFSv2 and ECMWF reforecasts 

Outline 



1. Monsoon indices;  

active and break monsoon days 



South American Monsoon  

(Grimm 2011, Stoch. Environ. Res. Risk Assess.) 

India South America 

(Vera et al. 2006) 

 In austral summer, a 

thermal low-pressure system 

intensifies over the Chaco 

region. 

 The tropical northeasterly 

trade winds are enhanced 

 Cross-equatorial flow 

penetrates SA, becomes 

northwesterly at the Andes 

foothills, is channeled 

southward, and turns around 

the Chaco low. 

 Low-level wind and 

moisture convergence 

associated with the 

interaction between the 

continental low, the South 

Atlantic high and the 

northwesterly winds result in 

enhanced precipitation in the 

Amazon, and Central and 

Southeast Brazil. 



Monsoon variability indexes in SA  

Composite OLR anomalies 

Active monsoon days 

(MPI≥1) 

Composite OLR anomalies 

Break monsoon days 

(MPI≤-1) 

 

Correlation between the 

monsoon precipitation index 

and zonal wind at 850 hPa. 

Monsoon 

Precipitation 

Index (MPI) 

Monsoon 

Wind 

Index (MWI) 

The OLR anomalies associated with the 

precipitation index show that this index represents 

well the first intraseasonal mode of variability. 

EOF1 
(10-100 day) 



Monsoon 

indexes  

X  

precipitation  

and  

zonal wind 

ECMWF CFSv2 

The models represent 

very well the observed 

structure of anomalous 

convection and low-

level zonal wind 

associated with active 

and break monsoon 

phases, despite a little 

northeastward shift.  



Indexes of  

monsoon variability in SA  

MPI MPI The wind index MWI (green curve) 

and the precipitation index MPI (red 

curve) show good correspondence for 

the reanalyses. 

However, the reanalysis precipitation 

underestimates the strongest 

observed rainfall extremes. 

Although there are examples of the 

MJO consistent influence, it is also 

clear that MJO is not the only 

cause for the variability of the 

monsoon circulation and precipitation. 



2. Impacts of the MJO 
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DJF MJO anomalies of OLR and V850  

7 

(Grimm 2019, Climate Dynamics) 



South America 

summer  

MJO-related daily 

precipitation 

anomalies and 

frequency of 

extreme events  

In central-east South America, in 

MJO phase 1, daily precipitation 

can increase up to 4 mm on 

average, and the frequency of  

extreme rainfall events can 

double. In southeast South 

America, they increase by a factor 

1.6 in phase 3. (Grimm, 2019)  



Anomalies Div200hPa and Ψ200hPa – MJO – SH Summer 
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(Grimm, 2019)  



Tropics-extratropics teleconnection  

to South America 
Influence Functions (Grimm & S.Dias 1995) 

mm 2019) 

 

OLR anomalies 

200 hPa divergence anomalies 

Phase 8 

Phase 1 

Streamfunction 200 hPa 

Phase 8 

(Grimm 2019) 



Tropics-extratropics teleconnection  

to South America 
OLR anomalies 

200 hPa divergence anomalies 

Phase 8 

Phase 8 

Phase 1 

Streamfunction 200 hPa 

(Grimm, 2019)  



3. Skill of S2S models in 

simulating the MJO and its 

teleconnections to South 

America 



Bivariate correlation 

ECMWF 

CFSv2-NCEP 

Bivariate correlation between analysis and forecast  RMM1 and RMM2. 

Consider that forecast is skilfull for values above 0.5 (Vitart et al, 2010). 

Besides good prediction of the MJO phases, a good forecast also requests a good 

reproduction of the phases’ impacts. There seems to be a phase shift in the predicted impacts, 

as if the teleconnections between the anomalous convection in Pacific and South America 

takes less time to be established in the models than in observations. 



MJO - Model ECMWF  
Model prediction 15-21 day  Model Reanalysis 

- Right signal in 

  subtropical Central Pacific 

- Strong teleconnection 

- Strong response in  

  SACZ 

OLR 

ᴪ200 

Phase 8 



MJO - Model ECMWF  
Model prediction 15-24 day  Model Reanalysis 

- Weak signal in 

  subtropical Central Pacific 

- Weak teleconnection 

- Weak response in  

  SACZ 

OLR 

ᴪ200 

Phase 1 



4. Influence of the MJO on active 

and break phases of the  South 

American monsoon in 

observations and models 



Observed association of active and break monsoon days 

with MJO phases 

What is the proportion of 

days in each MJO phase 

that is active monsoon?  

(1979-2009) 

What is the proportion of 

days in each MJO phase 

that is break monsoon ? 

(1979-2009) 



ECMWF:  
Association 

of active and 

break 

monsoon 

days with 

MJO phases 

in reanalysis 

and 

reforecasts 

Reanalysis ERA Int 

Week 2 

Week 3 

Week 4 

Reforecasts 

Observations 

1999-2010 

Reanalysis ERA Int 

Week 2 

Week 3 

Week 4 

Reforecasts 

Observations 

1999-2010 

Proportion of active monsoon days 

in each MJO phase 

Proportion of break monsoon days 

in each MJO phase 



Reanalysis CFSv2 

Week 2 

Week 3 

Week 4 

Reforecasts 

Observations 

1999-2010 

Reanalysis CFSv2 

Week 2 

Week 3 

Week 4 

Reforecasts 

Observations 

1999-2010 

Proportion of active monsoon days 

in each MJO phase 

CFSv2:  
Association 

of active and 

break 

monsoon 

days with 

MJO phases 

in reanalysis 

and 

reforecasts 

Proportion of break monsoon days 

in each MJO phase 



5. Subseasonal prediction 

of South American 

summer monsoon indexes 



Correlation skill for prediction of the weekly mean 

monsoon indexes  
ECMWF MPI ECMWF MWI 

CFSv2 MPI CFSv2 MWI 

Correlation between the observed rainfall index and the predicted  rainfall 

MPI MWI 



Correlation between the 

observed rainfall index 

and the predicted  

rainfall 

ECMWF ECMWF 

The MJO contribution  



1) The models are able to partially reproduce the MJO teleconnections to 

South America and their impacts, but tend to produce a phase shift 

(e.g., show in MJO phase 8 what observations show in phase 1). 

2) The models reproduce reasonably the proportion of active and break 

monsoon days in each MJO phase, but with a phase shift. 

3) The skilfull prediction of the monsoon rainfall index for a longer lead 

time needs the skilfull reproduction of the MJO subtropical convection 

in the Pacific Ocean and the extratropical teleconnection to South 

America. 

4) Even if the MJO does not account for most of the predictable daily 

rainfall, it still has a considerable contribution and after week 3 it is 

the major source of predictability. 

Conclusions 


