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1. Executive Summary 

 
The skill of currently widely used southern oscillation index (SOI) seasonal forecasting systems may be improved 
by taking into account other climatic phenomena, such as the quasi-biennial oscillation (QBO). This report 
provides an analysis and evaluation of a prototype seasonal forecast system that incorporates the influence of the 
QBO on the rainfall variability in Australia.  
 
The prototype forecasting framework was developed using advanced statistical techniques such as cross-
correlation and cross-covariance analysis, principal components analysis and k-means/medoid clustering. These 
statistical analyses enabled the development of a new prototype forecasting framework that successfully 
integrated the influence of the QBO and SOI on Queensland’s climate. Details of analyses are given in the Project 
Methodology section of this report.  
 
The resulting prototype seasonal forecasting framework shows promising improvements over the current SOI-
phase only forecast system. Important improvements of our new prototype system were observed for seasonal 
rainfall forecasts at many times of the year and particularly in the earlier months the year (i.e. February through 
June). These improvements continue to be validated, but early indications are that the new prototype framework 
will lead to increased seasonal forecast skill for large areas of Queensland with additional potential for input into 
dynamical general circulation model development as well (eg via BoM/UKMO and ACCESS-S).  
 
The prototype QBO-SOI framework we have developed for seasonal forecasting will be refined and evaluated in 
years 2-4 through monitoring and testing with independent data in real-time. The potential improvements in 
seasonal and extended climate forecasts that this newly developed framework offers will be further developed 
into targeted seasonal forecast outputs. They have the potential to improve forecast certainty and therefore 
decrease agricultural production risk across Queensland. 
 

2. Project Background 



 
Much of Queensland’s climate science research and development is based on the global importance of the El 
Niño/Southern Oscillation (ENSO) system. This phase system, utilising pattern analyses (principal component and 
cluster analyses) forms the benchmark for our seasonal climate forecasting work and still remains as the 
foundation of the long-standing Long Paddock web site. A further key aspect of this seasonal climate forecasting 
approach is that the system can be integrated into agricultural and water resource models. 
 
However, ENSO is not the only climate driver impacting on Queensland’s highly variable climate. Other drivers 
such as the Sub-Tropical Ridge of High Pressure (STR) and the Quasi-biennial Oscillation (QBO) also have a major 
impact on Queensland rainfall (Williams and Stone 2009). There is significant documented evidence of the 
modulating effect of QBO on the connection between ENSO and STRs in other parts of the world (eg Lau and Sheu 
1988; Gray et al. 1992; Xue et al 2015 identify the modulation of the ENSO-South Asian High relationship and the 
subsequent influence of ENSO on the Indian Ocean, Phelps and Wang 2014). There is also the potential of a lagged 
non-linear interactive influences of the QBO on the SOI. For example, William et al. (1992) argue that the QBO 
could be an active and fundamental component of ENSO variability. Lau and Sheu (1988) also identified a 
potential non-linear interaction mechanism through which the QBO could influence the SOI. 
 
It is therefore of concern that there is no representation of the QBO in dynamical forecasting systems such as 
POAMA and other statistical ENSO systems. Elsewhere, seasonal forecasts containing stratospheric processes such 
as the QBO, have improved seasonal forecast skill especially in the Northern Hemisphere (eg Kidston et al 2015). 
The QBO has been shown to be predictable in seasonal-decadal forecast systems (eg Scaife et al. 2014), with 
predictability extending more than 3 years in to the future. Combined with significant statistical relationships 
between the QBO and Australian crop yields (Garnett and Khandekar 1992), the investigation and quantification 
of stratospheric influences on Queensland climate increases future prospects of improved agricultural risk 
management. 
 
Given that the ENSO cycle, and thus its reliable use in forecasting, may be significantly influenced by climatic 
phenomena, such as those in the stratosphere (e.g. the QBO) understanding how these climatic phenomena 
interact and potential moderate or exacerbate ENSO could be critical for improving ENSO linked seasonal 
forecasting systems. To address this limitation in current seasonal forecasting this project developed a prototype 
seasonal forecasting framework that incorporates the influence of the QBO and the SOI.  
 

3. Project Methodology 

Data collation  
 
Data on the SOI, QBO and STR were collated and integrated into a matrix of monthly values (from 1960-2016) for 
analysis. SOI data were obtained from BoM (2017). QBO data were obtained from NOAA (2017) and are calculated 
at PSD (from the zonal average of the 30mb zonal wind at the equator as computed from the NCEP/NCAR 
Reanalysis, for details see http://www.esrl.noaa.gov/psd/data/climateindices/list/. STR data utilised were the 
latitude with the highest mean sea level pressure (after Das 1956; Pittock 1956; Williams draft paper) (BoM 2016).  
For analysis (see later) the three month average of QBO measurements was taken. Monthly anomaly values of the 
STR were used in Analysis (Williams 2009). The two month average of the SOI was used, as was the monthly 
change in the SOI (after Stone et al. 1996). 
 
Investigating lags between QBO, SOI and STR 
 
To investigate potential lagged non-linear interactive influences of the QBO on the SOI we computed the cross-
correlation and cross-covariance the univariate series of QBO and SOI data. Following Lau and Sheu (1988) we 
squared the SOI to look for relationships between the QBO and SOI. This accounts for potential non-linear 
relationship and allows deviations that are 180 degrees out of phase with the QBO to make positive contributions 
to the correlation (Lau and Sheu 1988). All analyses were performed in R (2016). In simple terms, this procedure 
identifies the strength of correlations between two univariate series at different time lags. Using this procedure 
we are able to identify the strength, lag and potential cyclical nature of any correlations between the QBO and 
SOI.   
 
 

http://www.esrl.noaa.gov/psd/data/climateindices/list/


 
 
Principal components analysis and clustering 
 
Following the method of Stone et al (Nature, 1996) varimax rotated principal components were performed on our 
climate data set in order to identify the underlying principal components responsible for variation in the data over 
the entire history of the data set. Cluster analysis was then performed on the principal component scores in order 
to identify the observation ‘phases’ associated with the rotated principal components. K-means and a related 
variant, K-mediod clustering, was used to identify climatic phase clusters that could then form the basis of a 
prototype QBO-SOI seasonal forecasting system (Maechler et al. 2016). Principal component analysis and 
clustering was carried out in R (2016) using the cluster (Maechler et al. 2016) and Rtsne package (Krijthe 2015; for 
details see Van der Maaten & Hinton 2008). Data clusters were visualised using the ggplot2 R package (Wickam 
2009) (see example plots in Project Results section). Using this method, each cluster was linked to monthly 
climatic conditions that were then used to form the basis of our improved prototype seasonal forecasting system.  
 
Skill testing integrated QBO-SOI phases forecasting system 
 
The skill of our prototype QBO-SOI forecasting framework was assessed by developing seasonal rainfall probability 
maps that represented the prototype seasonal forecasting system’s ability to predict above/below median rainfall. 
This was then compared with the current SOI systems ability to predict above/below median rainfall.  
 
 

4. Project Results 

4.1 Achievements and Outcomes 
 

• Successful integration of datasets 
 

The major effort in collating QBO, Latitude of the sub-tropical ridge, and SOI data into one feasible 
file for further analysis enables efficient ongoing analysis.  

 

• Identification of lagged relationship between QBO and SOI 
 

The identification of significant cyclical lagged correlations between the QBO and SOI. The plot of 
this relationship is shown below.  Identifying this relationship allowed for improved clustering of 
the QBO and SOI phases and helped develop an improved phase based seasonal forecasting 
framework (see e.g. below).  

 



 
Figure 1. Lagged correlation between the QBO and SOI (squared – after Lau and Sheu 1988). Each value on 
the x-axis is the number of lagged months.  
 

• Successful clustering of disparate climate drivers (the QBO and SOI) using advanced clustering methods  
 

By converting data matrices to gower distance matrices and using the k -medoids algorithm for 
clustering we were able to develop ‘neater’ climatic phases clusters that could be used in 
prototype season climate forecasting (see figure below).  

 

 



Figure 2. Note improved clustering using the k-medoids algorithm (bottom figure). Each value V1-V3 
represents a varimax rotated PCA scores. Each colour represents a different phase which is then used to 
develop a prototype seasonal forecast framework.  
 
 

• Improved seasonal forecast outcomes, using a newly developed QBO-SOI seasonal forecasting framework, 
particularly for certain times of the year 

 
This newly developed QBO-SOI seasonal forecasting framework currently comprises of 5 QBO-SOI 
linked phases. Being (1) Negative SOI with a QBO west phase; (2) Positive SOI with a QBO west 
phase; (3) Falling SOI with a QBO east phase; (4) Rising SOI with a QBO east phase and (5) Neutral 
SOI with a neutral QBO phase. These phases and the improvements upon the five phase method 
of only utilising the SOI are shown below for the April-June seasonal forecast.  

 

 
 
 
 
Figure 3. Comparison of the current SOI only system (right hand side) and the newly developed framework 
(left hand side) which incorporates the influence of the QBO on SOI. Darker red/blue colours correspond to 
higher probability (a proxy for skill) of below/above median rainfall.  

 
4.2 Unintended Outcomes 

 
NA 

 



4.3 Partnership Formation 
 

Liaison with BoM (Oscar Alves) continues on a harmonious basis in terms of how the breakthroughs obtained may 
be incorporated into advances made using ACCESS-S. 
 
4.4 Lessons Learned 

 
Lagged non-linear interactions between the QBO and the SOI seem to have important implications for improving 
seasonal forecasting systems. This relationship will be further investigated and incorporated into our framework 
to further increase the new prototype frameworks skill.  

 
A lack of STR events prevented successfully clustering with the QBO and SOI. Work is ongoing to incorporate the 
STR into our prototype QBO-SOI seasonal forecast framework.  

 
 

4.5 Implications for the Future 
 
The prototype QBO-SOI framework we have developed for seasonal forecasting will be refined and evaluated in 
years 2-4 through monitoring and testing with independent data in real-time.  
 

The potential improvements in seasonal and extended climate forecasts that this newly developed framework 
offers will be further developed into targeted seasonal forecast outputs. They have the potential to improve 
agricultural production systems across both Queensland and Australia.  
 
 

5. Conclusion 

 
This project developed a prototype seasonal forecasting framework that takes into account the influence of the 
QBO and SOI. The newly developed a prototype seasonal forecasting framework indicated improved skill in 
seasonal forecasts, particularly at times of the year where the current SOI system is limited.  The prototype QBO-
SOI framework we have developed for seasonal forecasting will be refined and evaluated in years 2-4 through 
monitoring and testing with independent data in real-time. The potential improvements in seasonal and extended 
climate forecasts that this newly developed framework offers will be further developed into targeted seasonal 
forecast outputs. They have the potential to improve agricultural production systems across both Queensland and 
Australia. 
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TBA 
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