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At the high frequency time scale (EOF1), EA rainfall is affected by Pacific and Indian Ocean SSTs, as shown by the 
correlation between rainfall and the SST. A positive correlation is also observed between rainfall and OND SM. At the 
lower frequency time scale  (EOF2 dipole mode), EA rainfall variability seems to be linked to the North Atlantic Ocean 
SSTs. However, this link is not apparent when SST data are detrended (not shown), suggesting a potential connection 
of the dipole mode to global warming (Schreck and Semazzi, 2004). 
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Basin-wide positive SST anomalies in the 
Indian Ocean - Weak westward wind 
anomalies during El Niño. 

Cold (warm) eastern (western) IO, warmer 
western IO enhances atmospheric convection – 
Strong easterlies along the equator during IOD+ 

Same configuration of the SST and 
wind, enhanced by the simultaneous 
presence of the two phenomena 

In this work, Empirical Orthogonal Function (EOF) analysis of East Africa (EA, 5S-20N, 28E-
52E) daily accumulated satellite rainfall (African Rainfall Climatology version 2, ARC v2 
at 0.25 spatial resolution) is applied to extract the dominant spatial and temporal patterns of 
variability during the short rain season (October-November-December, OND).  Additionally, 
the connections among EA’s precipitation, sea surface temperature (HadISST1-SST), soil 
moisture (ECV-SM), and wind (NCEP-NCAR) are investigated (through correlation and 
composite analysis) to disentangle the different factors influencing rainfall variability over the 
region. 
In general, there is a strong positive correlation between EA short rains and the positive 
phase of the Indian Ocean Dipole (IOD+) with enhanced rainfall response in the years of joint 
IOD+ and El Niño  events, specifically during the years of Eastern Pacific El Niño episodes. 
The physical mechanism explaining the IOD+ link to EA rainfall consists of a Gill-type 
response to warm Western IO SST anomalies that induces a westerly low-level flow 
anomaly over equatorial Africa and leads to moisture convergence over EA (Bahaga et al. 
2014). Rainfall’s response is opposite during the negative phase of the events (IOD- and La 
Niña). 
SM seems to be responding locally to rainfall variability with some time delay but seems also 
to be playing a kind of memory effect on rainfall the following year (positive feedback). 
  

Niño3.4 index: SST average over the Pacific Ocean (5S-5N; 120W-170W). 
IOD index: difference between SST anomalies in the western (10S-10N; 50E-70E) 
and eastern (10S-Eq; 90E-110E) equatorial Indian Ocean. 
EA rainfall index and SM: spatial average over EA of rainfall and SM. 

Events Definition Years 

El Niño  Nino3.4 and IOD ~ 
1 STD  

1987, 1991, 
2002, 2004, 

2009 

IOD+ IOD >> Nino3.4 1994, 2006 

IOD- IOD << Nino3.4 1996 

La Niña Nino3.4 << IOD  1988, 1999, 
2007 

IOD+El Niño Nino3.4 & IOD ≥  2  1997 

IOD-La Niña 

Nino3.4 & IOD < 0 
& 
(Nino3.4 –IOD) ≤ -
1 STD  

1998 

wind vectors anomalies are in m s-1 

Soil Moisture seems to showing a similar response to that of EA short rain.  

2. Empirical Orthogonal Function Analysis 

High frequency variability 
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throughout the EA 

except for Sudan  
 

3. Correlation Analysis 

5. Composite Analysis    

4. Choice of Years of Events 1. Summary 

Joint IOD+ and El Niño events show a 
reinforced response similar to pure IOD+, with 
some contribution from the pure El Niño. 

Pure IOD events have a strong influence on 
the variability of short rains. EA receives 
above (below) normal rainfall during IOD+ 
(IOD-) events.  

For pure El Niño events, there is a tendency 
towards reduced rainfall over EA, even if some 
areas with positive rainfall anomalies are 
present. 
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Iod’s definition follows Saji et Yamagata 2003 

La Niña IOD- IOD-La Niña 

 Understand the physical mechanisms associated with EA rainfall variability in terms of dynamics (Sea Surface 
Salinity during IOD, Grunseich et al.,2011) and local forcings  such as soil moisture and evapotranspiration. 

 
 Investigate the impact of the two flavors of  IOD (Canonical and Modoki, Endo et Tozuka 2016) and ENSO types 

(eastern and central/Modoki Pacific, Zhang et al.,2015) on the EA rainfall. 
 
 Quantify the effects of the different forcings on the EA rainfall using the state-of-the-art analysis technique named 

Coupled Manifold (Navarra and Tribbia 2005). 

6. Outlook 

Opposite SST and Wind anomalies response during the negative phases of the events. 
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