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 There continues to be a global need for stochastic modelling in pension, life assurance, 
banking and investment industries

 Beyond the natural application, it is required by regulation in many instances

 The first published stochastic investment model was done by Wilkie in 1986 and updated  
and extended in 1995 and 2011

 Limited research has been done in South Africa

 The seminal paper was done by Thomson in 1996 (a model which by his own account had 
a number of practical limitations)
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 The Wilkie Model (1986, 1995, 2011, 2016, 2017 (4), 2018, 2019, to be continued) 

 first comprehensive stochastic model for actuarial applications
 cascade structure – price inflation is the driving force
 yearly data
 long-term forecasting

 Thomson (1996, 2005, 2009, 2010)

 SA data (price inflation, rental yields and growth rates, short-term and long- term 
interest rates, dividend yields and growth rates)

 Wilkie type model
 Equilibrium modelling – no arbitrage
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 We propose a stochastic investment model for South African use by modelling 
- Price inflation; 
- Short and long term interest rates; 
- Inflation-linked bond yields; and 
- Local equity returns

 Thomson’s model used data from 1960-1993. Granger and Newbold (1977) express lack 
of confidence of successful model identification with much less than 45-50 observations 

 We use data from 1960-2018
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 Data from 1960-2018 has been used 

 Inflation Data
- South African Consumer Price Index (CPI) provided by Statistics South Africa 

 Equity Data
- Indices used are JSE-Actuaries All Share Index (CI101) by INET 
- Thomson proposed use of ADY – Dividend yield on the Index
- Until June 2001
- Data updated until 2001 by IRESS but data then used is J203 (ALSI Total Return Index) 

and J202 (ALSI Dividend Yield)
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 Long-term interest bearing securities

- JSE-Actuaries Long Bond Yield (i.e. the 20 year Bond Yield) is used
- Longer than the average outstanding term of quoted long-term interest-bearing 

securities
- Quote is JAYC20 (Previously data provided by INET and updated by IRESS)

 Short-term interest rates

- Thomson originally used data provided by Ginsburg Malan and Carsons Money-
Market Index as listed under code GMC1.

- This is now more commonly referred to as the Alexander Forbes Money-Market 
Index  and was provided by IRESS. 

Data



 Index-linked bonds

- The yields on SA Government bonds in issue since first issuance in March 2000 used
- Data provided by Bloomberg
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Structure of the Model



Components of the Model

Annual force of inflation based on CPI, 1960-2018 

Price Inflation



Price Inflation



Price Inflation

 All parameters are significant

 Residuals are independent and 
normally distributed

 No ARCH effect



Share Dividend Yields

Dividend Yields %, 1961-2018



Share Dividend Yields



Share Dividend Yields

 All parameters are significant

 Significant cross correlation between 
the price inflation and dividend yields 

 Weighted moving average effect of 
inflation improves the model 
significantly

 Residuals are independent and 
normally distributed

 No ARCH effect
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Share Dividends



Share Dividends

 All models fit the data well 

 All parameters are significant?

 Residuals are independent and 
normally distributed

 No ARCH effect

 Moving average effect of 
inflation!



Long-term Interest Rates



Long-term Interest Rates



Long-term Interest Rates

 Fisher relation:
Nominal rates = Real interest + Implied
Inflation

 Exponentially weighted moving 
average effect of inflation

 All parameters are significant

 Residuals are independent but not 
normally distributed

 No ARCH effect
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Short-term Interest Rates



Short-term Interest Rates



Short-term Interest Rates



Short-term Interest Rates

 Log-ratio is modelled as AR(1)

All parameters are significant

Residuals are independent and 
normally distributed

No ARCH effect



Nominal Yield Curve





Index-Linked Bonds



Index-Linked Bonds



Index-Linked Bonds



Parameter Stability
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Conclusions

 Developed a stochastic investment model for SA actuarial 
applications based on integrated economic series 

 Models fit well and the residuals are normally distributed (long-
term interest rates!)

 Parameter stability should be analysed in detail

 Yield- curve models can be combined with the other economic 
series 



Future Work

 Real yield curve model

daily index-linked bond rates for 2000-2018

maturities – vary from 1 to 20 years, even longer  

 a descriptive yield curve model to fill the missing values in the data

 applying principal component analysis to obtain uncorrelated variables 
– level, slope, curvature

 exploring bi-directional relation
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