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An Analysis of Temporal Effects on Correlations between Asset Classes and 
the Implication for Investment Strategies of Superannuation Funds 

Summary 
A major factor in determining the structure of multi-asset portfolios is the perceived diversification 
benefits of combining assets which have low or negative correlations between their returns. Our 
research indicates that the correlations between price movements in shares and fixed interest 
investments vary as the level of risk in the market changes. 

Importantly, for fixed interest investments that have a high risk component, the correlation between 
changes in yield and the changes in share prices becomes more negative during periods of higher 
market risk. This means that the changes in price will become more positively correlated. Therefore, 
the diversification benefits of this type of asset are reduced during periods when the benefits of 
diversification are needed most. 

Changes in prices are dependent on changes in the interest effect and risk effect. Correlations 
between changes in interest effects and changes in share prices are positive. Correlations between 
changes in risk effects and changes in share prices are negative.  The correlations become more 
positive and negative respectively during periods of high market risk. 

The results of our research can be used to: 

1. Model price changes in asset classes. We demonstrate this with Australian shares and 
bonds. 

2. Assist superannuation fund trustees assess the amount of risk implicit in any particular 
investment portfolio from time to time. Value at Risk and Conditional Value at Risk measures 
should be used to assess the amount of this risk. 

Background 
Anyone who has been involved in the asset consulting industry over the last forty years will have 
seen reports recommending the percentage of a multi-asset portfolio to be allocated to different 
asset classes. The structure would have depended on what return and risk characteristics were 
required for that portfolio. The allocations to each asset class would be based on Modern Portfolio 
Theory (MPT) and would have assumed long term asset returns and constant standard deviations 
and correlations. The justification for pursuing this approach has been that a diversified portfolio can 
provide a better return/risk structure. Importantly, there is an implicit expectation that the 
diversified portfolio will decrease the impact of a negative return on the share component of the 
portfolio. However, the appropriateness of this approach has increasingly come into question in 
academic circles. These questions are now being considered more widely. 

For example, a simple search of Wikipedia provides us with the following” 

“MPT is a theory of finance that attempts to maximize portfolio expected return for a given amount 
of portfolio risk, or equivalently minimize risk for a given level of expected return, by carefully 
choosing the proportions of various assets. Although MPT is widely used in practice in the financial 
industry and several of its creators won a Nobel memorial prize for the theory, in recent years the 
basic assumptions of MPT have been widely challenged by fields such as behavioural economics. 



Page 2 of 8 
 

MPT is a mathematical formulation of the concept of diversification in investing, with the aim of 
selecting a collection of investment assets that has collectively lower risk than any individual asset. 
This is possible, intuitively speaking, because different types of assets often change in value in 
opposite ways. For example, to the extent prices in the stock market move differently from prices in 
the bond market, a collection of both types of assets can in theory face lower overall risk than either 
individually. But diversification lowers risk even if assets' returns are not negatively correlated—
indeed, even if they are positively correlated. 

More technically, MPT models an asset's return as a normally distributed function (or more generally 
as an elliptically distributed random variable), defines risk as the standard deviation of return, and 
models a portfolio as a weighted combination of assets, so that the return of a portfolio is the 
weighted combination of the assets' returns. By combining different assets whose returns are not 
perfectly positively correlated, MPT seeks to reduce the total variance of the portfolio return. MPT 
also assumes that investors are rational and markets are efficient. 

MPT was developed in the 1950s through the early 1970s and was considered an important advance 
in the mathematical modelling of finance. Since then, many theoretical and practical criticisms have 
been levelled against it. These include the fact that financial returns do not follow a Gaussian 
distribution or indeed any symmetric distribution, and that correlations between asset classes are 
not fixed but can vary depending on external events (especially in crises). Further, there is growing 
evidence that investors are not rational and markets are not efficient.” 

Notwithstanding the increasing criticism of MPT trustees of super funds continue to allocate assets 
between different asset classes using portfolio optimisers that are based on the underlying 
assumptions inherent in MPT. 

One of the important assumptions used in these optimisers is that the correlations between asset 
class returns remain constant over time. Unfortunately, experience has shown us that, particularly 
during times of economic crisis, correlations between some asset class returns change significantly. 
Importantly, instead of low or negative correlations, some returns evidence strong positive 
correlations. This means the benefits of diversification supposedly provided by these assets 
disappear at the exact time that the diversification benefits are needed. 

The objectives of this paper are: 

1. To demonstrate that correlations do vary over time; 
2. To investigate why correlations vary over time; and 
3. To suggest an alternative approach to modelling asset class return having regard to 1 and 2. 

We also suggest how our research can be used to stress test investment portfolios. 

We would stress that this paper is a work-in-progress. There is significantly more work to be done in 
analysing how our findings impact on asset classes not considered in our research. We also intend to 
use our findings to develop more formalised approaches to how asset allocations should be changed 
over time. 
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How correlations vary over time 

Hypothesis 1- Correlations between changes in asset class prices vary as the amount of 
“risk” in the economy changes.  
As a proxy for the amount of “risk” that exists in the economy at any time we have taken the implicit 
risk premium in American high yield bonds (as measured by BARCLAYS HIGH YIELD Index (CAA)). The 
implicit risk premium in high yield bonds increases as the market’s assessment of the risk of 
company failure increases. The risk of company failures increases as the health of the economy 
reduces therefore we suggest that this is a reasonable indicator for the purposes of identifying the 
different periods of risk in the economy. We recognise that the risk premium is also affected by 
liquidity issues. However, we believe that these liquidity issues generally increase the risk premium 
in times of economic crisis and therefore do not contradict our basis supposition. 

To establish the level of risk premium on these high yield bonds each month we calculated the IRR 
for the CAA index taking into account the coupon rate implicit in the index, an estimate of the 
implicit duration of the index and the value of the index each month. We then calculated the implicit 
yield on government bonds which had a similar duration to the CAA index. The risk premium was 
taken as the difference between these two. 

Using a similar approach we then calculated the IRR and risk premium implicit in high quality 
American corporate bonds (as measured by BARCLAYS US AGGATE: CORPORATE (AAA)). 

We then considered the correlations between the changes in these IRRs and the change in the S&P 
500 price for the period 1 June 1990 to 1 September 2011. To test our hypothesis that correlations 
between changes in asset class prices varied as the amount of risk in the market changed, we 
considered the correlations for months where risk premium implicit in the CAA index was above and 
below the 75th percentile. 

The results of this analysis are set out in Table 1 below. 

Table 1 – Correlation between Fixed Interest Yield movements and changes 
in S&P 500 for the period 1/6/90 to 1/9/2011 

 
Fixed Interest 

Category 
AAA CAA 

Risk level below 75TH 
Percentile 

-0.162 -0.132 

Risk level above 75th 
Percentile 

-0.243 -0.539 

All risk levels -0.192 
 

-0.251 

 

The following conclusions can be drawn from these results. 

1. The correlations do change when the level of risk is considered. With low risk fixed interest 
investments (AAA) it is not a major change. Correlations are similar to the correlation where 
risk is not taken into account. However, for higher risk fixed interest investments (CAA) the 
differences in correlations between the low and high risk periods are significant. 
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Importantly, the correlations during the high risk periods are significantly different to the 
correlations when risk is not taken into account. 

2. The correlations are all negative. As one would expect, this means that when the risk 
premium increases, the price of the S&P 500 goes down. For CAA the correlations during 
high risk periods are substantially more negative than expected when risk is not taken into 
account. This will mean that reduction in price of this fixed interest type will be substantially 
more than would be expected if the analysis is based on the correlations where risk is 
ignored. This will also mean that the perceived diversification benefits of CAA type fixed 
interest investments will be significantly reduced during periods of high risk, the period 
when these diversification benefits are required. 

3. The correlations for each fixed interest type are similar during periods of low risk and if risk 
is not taken into account. This will mean that if the return and risk characteristics of these 
asset classes are based on historic results for lower risk periods or periods that include all 
risk levels, it may appear that the additional return that can be achieved on the riskier fixed 
interest classes can be achieved without taking on an unacceptable level of risk. However, 
the correlations shown for the higher risk periods indicate that this will not be the case 
during these periods. 

We would therefore conclude that Hypothesis 1 is correct. 

We note that our analysis only considers correlations in changes in price. Therefore, we cannot 
directly extend our findings to investment returns as these returns include coupon/dividends as well 
as movements in price. However, during periods of high risk, movements in price will have the 
greatest impact on over all returns. Therefore, although interest and dividend payments will have an 
impact on the correlations, we expect that the overall thrust of analysis will still apply. 

Hypothesis 2 – Correlations are different for the interest and risk premium components of 
changes in asset prices 
The results set out in Table 1 above show that the correlations for fixed interest investments with 
higher risk changed substantially during periods of higher risk. This led us to speculate that the 
reason for this is that correlations were being affected by the risk premium component of the higher 
risk fixed interest investments. 

We therefore proposed that the price of any asset is determined by an “interest effect” and a “risk 
effect”. The “interest effect” is the change in price that occurs because the risk free discount rate 
implicit in the discount rate changes. The “risk effect’ is the change in price that occurs because the 
risk premium implicit in the discount rate changes. Importantly, often these two effects will affect 
price in the opposite way. During periods of economic growth interest rates tend to rise reducing 
prices while risk premiums reduce, increasing prices. The opposite occurs during economic 
downturns. The change in price of any asset will therefore depend on the relative size of each of 
these effects in the price from time to time. Therefore the correlations between the total return will 
also depend on the correlations between these two components. 

To investigate this further we assumed the implicit yield on comparable government bonds and the 
risk premium calculated along the lines set out above for each fixed interest index to be an indicator 
of the “interest effect” and the “risk effect” respectively. 
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We then considered the correlations between the changes in the interest effect and risk effect and 
the change in the S&P 500 price for the period 1 June 1990 to 1 September 2011. To test our 
hypothesis that correlations differed as the amount of risk in the market changed, we considered the 
correlations for months where risk premium implicit in the CAA index was above and below the 75th 
percentile. 

The results of this analysis are set out in Table 2 below. 

Table 2 – Correlations between changes in Interest and Risk Effects and 
changes in S&P 500 

Fixed Interest 
Category 

AAA CAA 

Effect Interest 
Effect 

Risk 
Effect 

Interest 
Effect 

Risk Effect 

Risk level below 
75TH Percentile 

-0.009 -0.221 0.006 -0.128 

Risk level above 
75TH Percentile 

0.285 -0.459 0.278 -0.545 

All Risk levels 0.121 -0.361 0.128 -0.258 

 

The following conclusions can be drawn from these results: 

1. During periods of high risk there is weak positive correlation between changes in the interest 
component of price changes and changes in the S&P 500. This not unexpected as during 
periods of high risk, we would expect interest rates to fall and share prices to fall. Of course 
it is important to note that falling interest rates will have the effect of increasing fixed 
interest investment prices. As is also expected, the level of correlation is reasonably constant 
for both fixed interest types. 

2. During periods of high risk there is moderate negative correlation between changes in the 
risk component of price changes and changes in the S&P 500. Again this is not unexpected as 
during periods of high risk, we would expect the risk component of price changes to increase 
and the price of shares to fall.  

3. The correlation of changes in the risk component of changes in prices and changes in the 
S&P 500 become more strongly negative during periods of high risk. 

We would therefore conclude that Hypothesis 2 is correct. 

The implications of our research 
Our research indicates that changes in asset prices are effected by an “interest effect” and a “risk” 
effect and that each of these effects have their own characteristics. We have also demonstrated that 
these characteristics vary as the level of risk in the market generally changes. 

Other asset classes 

We speculate that changes to the price of all asset classes will be effected by an interest and risk 
effects. If other asset classes also experience the increase in the negative correlation for the risk 
element during high risk periods the perceived diversification benefits of other asset classes during 
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high risk periods must be questioned. This is particularly important when an asset class is seen as a 
substitute for part of the traditional fixed interest component of a diversified portfolio. Where the 
risk component of price changes becomes a small part of the total return of an asset class during 
periods of low risk, the diversification benefits of such an asset may be illusionary during periods of 
high risk. 

We suggest that our analysis should be applied to other asset classes (particularly assets classes that 
are included in the Alternative Asset space) to determine what diversification benefits can be 
expected from these asset classes during periods of high risk and negative share returns. 

Modelling Asset Class Returns 

Given the results of our analysis of American data, we considered whether we could model changes 
in the price of Australian asset classes by modelling the interest and risk effects and varying them as 
the level of risk in the market changed. To investigate this we have modelled changes in the 
Australian Stock market and ten year bond as follows. 

Each asset is driven by a risk free and risk premium component.  We assumed the risk free 
component for each asset class within a portfolio to be the common driver between each asset 
because we treat the investment horizon of each asset as the same. This methodology is consistent 
with hypothesis 1 and 2 because it allows for switching correlations between high and low risk 
periods. 

Below is our methodology used to simulate one path of historical returns: 

1. Fit the empirical mean, standard deviation and skew of historical risk free rates, equity risk 
premiums, government bond risk premium and high-yield risk premium 

2. Calculate the historical correlation between risk free rate and equity risk premium and 
correlation between risk free rate and debt risk premium for low and high periods of high-
yield risk premium 

3. Calculate the overall correlation between the risk free rate and high-yield risk premium 
4. Generate risk free rate path 
5. Use the correlation from step 3 to generate high-yield risk premium path 
6. Simulate the equity and government bond risk premium paths using the low-risk or high risk 

correlation 

Below is the distribution of one simulated path for equity returns and government bond returns 
against actual data. 
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From these simulations we can take away two key results: 

1. Model the shape of the distribution.   That is by allowing for skewness we capture the right 
tail effect of equity returns and the left tail effect of bond returns. 

2. Model the tail of the distributions.  This is the hardest part of any model but as we can see, 
our simulations successfully capture highly negative equity returns and petering positive 
bond returns. 

With these two features we can go on to accurately assess the risks of any linearly weighted 
portfolio between these two assets. 
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Stress testing portfolio asset allocations  

Our analysis demonstrates that correlations between movements in the prices of the asset classes 
we examined vary as the level of risk in the market changes. We expect that this applies to varying 
levels for all asset classes. We therefore suggest that it is impossible to have one asset allocation 
structure that will provide the same diversification benefits in all periods of market risk. 

It is possible, however, to establish an allocation that is based on return and risk characteristics that 
assume asset prices are at fair value and there are neutral levels of risk in the market. This would be 
specified as the “benchmark” asset allocation. 

We suggest that the best approach to establishing actual asset allocations from time to time (ie how 
to vary the allocation away from the benchmark allocation) will be to project the expected 
investment return of the current asset allocation over the following year for a range of levels of risk 
in the market. We speculate that this can be achieved by estimating the return for the portfolio over 
the year by: 

• modelling each asset class’s price movements over that twelve month period having regard 
to the interest and risk components of these price movements;  

• estimating the income component of the returns; and 

• estimating the standard deviations and correlations each asset class during the year. 

The impact of a worsening in market conditions on the total portfolio return can then be assessed by 
considering the projected return assuming high market risk.  

In this analysis we suggest that three key indicators of risk be considered. They are: 

1. Number of negative year returns within a 20 year period 
2. Value at Risk (VaR) for a given year -  i.e. the worst case loss for a given tolerance 
3. Conditional VaR (CVaR)for a given year – i.e. the expected loss given your fund has 

performed worse than a pre-specified tolerance level. 

Typically superannuation funds disclose the number of negative returns that are expected for each 
investment option available to members. This metric does not, however, provide an indication of the 
size any downside risk that an investment option is subject to. VaR and CVaR will provide this 
additional information. 
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