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The interannual and decadal variability of the Southern Annual Mode (SAM) was examined in the ECHAM 4.5-

MOM3-SA ocean-atmosphere coupled general circulation model (OAGCM). The analysis placed emphasis on the 

behavior of the SAM when its variability and impact becomes noticeable in the extra-tropical subcontinent. Further, 

the coupling interaction of the SAM with vertically intergraded moisture flux, rainfall and sea surface temperature 

(SST) was also investigated and compared with observations. The result revealed that the model was successful in 

capturing observed features of the oscillation. Nevertheless, the model SAM was found to exert more influence on 

the underlying atmosphere. The analysis unfolded that the low-frequency signal (11years cycle) was more likely 

explained by natural variability. Further, the model has shown potential in predicting the austral winter slowly 

evolving climate signal when the temporal vacillation of the SAM is adjusted.    
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1. INTRODUCTION  
 

Southern Hemisphere (SH) climate variability was 

also the focus of several researchers in the early 

1980s (e.g., Wallace and Hsu, 1983; Schoeberl and 

Krueger, 1983). According to these early studies, 

the SH is characterized by the dominance of 

quasistationary and zonally propagating waves in 

the atmospheric circulation. Mo and White (1985) 

examined the SH teleconnection following the 

methodology suggested by Wallace and Gutzler 

(1981) to identify the strongest teleconnection 

structures. The relationship between the Southern 

Oscillation and variability in the SH has also been 

documented in the literature (e.g., Kidson, 1975; 

van Loon and Madden, 1981; Arkin, 1982; Mo and 

White, 1984). Trenberth (1981) examined aspects of 

low-frequency variability of the SH on the 

interannual timescales with more emphasis on the 

middle and high latitudes. On the intraseasonal 

timescale, the SH atmosphere is more dominated by 

stationary or eastward-propagating wave trains in 

the meridional belt between 40
o
 and 60

o
S where the 

polar jet acts as a waveguide (Berbery et al. 1992).   

 

The Southern Annual Mode (SAM) is characterized 

by zonally symmetric but out-of-phase pressure 

anomalies between mid and high latitudes 

(Limpasuvan and Hartmann, 2000). Previous 

studies suggested that the SAM is dominant 

interannual SH mode of variability (e.g., Thompson 

and Wallace, 2000; Yuan and Li, 2008) and the 

positive feedback between mid to high latitude eddy 

activity and zonal flow is responsible for its 

maintenance (Lorenz and Hartmann, 2001). The 

influence of SAM on South African (rainfall) 

climate variability is regulated by the shift of mid-

latitude jet stream (Reason and Rouault, 2005). The 

main objective of the study is therefore to explore 

the behavior of the SAM and its coupling role in the 

South African Weather Service (SAWS) ocean-

atmosphere general circulation model (OAGCM 

called the ECHAM 4.5-MOM3-SA; Beraki et al., 

2013). 

 

 

2. DATA AND METHOD 

 

In this experiment, OAGCM’s 700 hPa geopotential 

height (GH) and mean sea level pressure (SLP) are 

analyzed. The hindcast integrations from which the 

model data were obtained cover the period from 

1982 to 2009 (28 years). The National Centers for 

Environmental Prediction Reanalysis II (NCEP-R2) 

Department of Energy (DOE) upper air data 

(Kanamitsu et al., 2002) are used as a proxy for 

observations. In addition, optimum interpolation 

SST (OISST) version 2 (Reynolds et al. 2002) and 

rainfall station data for the same period obtained 

from the SAWS database. 

 

The OAGCM and observed data were standardized 

by the square root of the cosine of latitude to 

balance for latitudinal difference in magnitude of 

variation. To recover the interannual and longer 

timescales signals, we also filter the seasonal time 

series of climate indices with a Gaussian filter 

(Trenberth, 1984; Yaun and Li, 2008). The coupled 

model and NCEP SAM indices are computed by 
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projecting the 700mb GH to the leading empirical 

orthogonal function (EOF; Mo, 2000). 

 

3. RESULTS AND DISCUSSIONS 
 

To examine the ability of the OAGCM to reproduce 

the observed behavior of the SAM, the loading 

pattern of the SAM were obtained from the year-

round detrended monthly mean anomaly. Since we 

obtained virtually similar spatial loadings using the 

SLP and 700mb GH, we adopted the latter to 

represent the spatial and temporal behaviour of the 

SAM. Fig. 1 shows the SAM spatial loading of the 

OAGCM and of the NCEP/DOE. The model is 

reasonably successful to reproduce the polar and 

mid-latitude out-of-phase pressure anomalies as 

shown by the NCEP/DOE. It appears that the 

signature of the largest variability of the cold season 

is eminent (Mo, 2000) in the spatial loadings. 

Notwithstanding, the percentage of variance 

explained by the leading mode is overestimated in 

the model (40.85%) compared to NCEP/DOE data 

(27.53%) suggesting that the SAM may exert more 

influence on the underlying climate system in the 

model relative to the observed.   

 
Figure 1, The spatial loading of the leading EOF 

mode that represents the SAM as found in the 

700mb GH and represented by the OAGCM (a) and 

NCEP/DOE (b). The variance explained by the two 

systems is also shown.  

 

The temporal variability of the SAM represented by 

the leading principal component (PC) is depicted in 

Fig. 2. The interannual and decadal variability of 

the SAM appear to be predictable according to this 

result despite the fact the amplitude of the former is 

overestimated in the models in most cases. The 

OAGCM is able to capture the low-frequency signal 

of the 11-years cycle of the SAM during the austral 

winter from April to September. The model SAM is 

found mostly to be out-of-phase with NCEP/DOE 

though it is more imminent during May-to-July 

(MJJ; inverted for comparison; Fig. 2(b)). The 

result reveals that the decadal variability of the 

SAM and its positive phase over the resent decade 

may largely be attributed to natural variability since 

the model is forced with the annual cycle of ozone 

while the anthropogenic forcing is neglected. 

Notwithstanding, the source of this trend is a matter 

of scientific debate with stratospheric ozone losses, 

greenhouse gas increases, and natural variability all 

being possible contributors (see, Arblaster et al., 

2006). Many resent studies, however, attributed the 

trend to human influences (i.e., either changes in 

stratospheric ozone or greenhouse warming; e.g., 

Carril et al., 2005; Cai et al., 2003).  

 

 

 
 

Figure 2, The OAGCM and NCEP/DOE SAM 

temporal characteristics during the austral winter 

around July. Grey lines imply seasonal variations 

while the thicker dark lines are 5 year running 

mean. The model SAM during MJJ (b) is out-of-

phase and inverted for the sake of comparison. The 
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slowly enveloping component (11-year cycle) is 

correlated statistically significant at the 95% level 

during AMJ (48%) and MJJ (-61%).  

 

Fig. 3 shows the interannual (decadal) coupling of 

SAM and rainfall during the austral Winter (MJJ). 

As suggested earlier, the NCEP and OAGCM are 

out-of-phase. The result suggests that there is a 

negative (positive) association between SAM and 

South African rainfall in the NCEP over the western 

(eastern) part of South Africa. This result is 

consistent with other reports (e.g., Reason and 

Rouault 2005; Gillett et al. 2006). However, the 

interannual seasonal variation of rainfall is not 

strongly associated with the SAM (map not shown). 

The SAM has been dominated by its positive phase 

over the last decade (Fig. 2) that might be 

responsible for the recurrent drought of the Western 

Cape of South Africa (Reason and Rouault 2005).  

 

 
 

Figure 3, The correlation of the OAGCM’s and 

NCEP/DOE’s SAM indices with the observed 

rainfall (a,b) (SST; c,d) during the austral winter 

(MJJ). The rainfall and SST was detrended and 

filtered to recover the slowly enveloping interannual 

to decadal coupling of the SAM and South African 

rainfall (global SST). Contours show tele-

connection centres that are statistically significant at 

the 95% level. The OAGCM tele-connections are 

inverted to facilitate the comparison.   

 

The analysis also reveals that the SAM is positively 

and negatively associated with the SST on certain 

locations such as the Indian Ocean adjacent to 

Madagascar and eastern equatorial Pacific 

respectively as shown in Figs. 3(c) and (d).  

Modelling studies indicated that the positive 

(negative) phase of the SAM apparently strengthens 

(weakens) the circumpolar westerlies and vortex 

(e.g., Kushner et al., 2004) which in turns maintains 

the ability of frontal activities and associated air 

masses to reach the sub-continent. This may have a 

tendency of suppressing (conducing) conditions 

which may promote the transport of colder air and 

moisture from the adjacent southern Atlantic Ocean. 

The coupling of the SAM with vertically integrated 

tropospheric moisture flux may support this notion 

(map not shown).  

 

What appears to be apparent in the study is that the 

model SAM is characterized by out-of-phase 

problem in most cases. This drawback may be 

attributed to the fact that the model is lacking the 

sea-ice model. Recent studies have demonstrated 

the importance of the sea-ice and SAM coupling 

(e.g., Yuan and Li, 2008). Despite that the cause of 

the problem need to be identified and rectified, the 

model may provide useful information on the 

likelihood of rainfall conditions during the austral 

winter season (often unpredictable) by correcting  

the phase of the SAM in the model.  

 

4. CONCLUSIONS 

 
The role of the SAM and its coupling interactions 

are assessed in a modelling context. The interannual 

and decadal variability of the SAM appear to be 

predictable in the ECHAM 4.5-MOM3-SA 

OAGCM. The result further revealed that the model 

was successful in capturing observed features of the 

oscillation. Nevertheless, the model SAM was 

found to exert more influence on the underlying 

atmosphere than the NCEP/DOE did. The analysis 

further unfolded that the long-term low-frequency 

signal was sufficiently explained by natural 

variability. However, research on the interaction of 

OAGCM’s SAM with other climate drivers such as 

the Indian Ocean Dipole (IOD), Pacific South 

America (PSA) Oscillation should be expanded and 

further investigated in order to continue to improve 

on the physics of the OAGCM. 
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