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INTRODUCTION

The regulatory rate of return, cost of capital or weighted average cost of capital1 (‘WACC’), is a
key input to the revenue determination. The rate of return requirements for an Access
Arrangement are set out in sections 8.30 and 8.31 of the Code:
Section 8.30
The Rate of Return used in determining a Reference Tariff should provide a return
which is commensurate with prevailing conditions in the market for funds and the risk
involved in delivering the Reference Service (as reflected in the terms and conditions
on which the Reference Service is offered and any other risk associated with delivering
the Reference Service).
Section 8.31
By way of example, the Rate of Return may be set on the basis of a weighted average
of the return applicable to each source of funds (equity, debt and any other relevant
source of funds). Such returns may be determined on the basis of a well accepted
financial model, such as the Capital Asset Pricing Model. In general, the weighted
average of the return on funds should be calculated by reference to a financing
structure that reflects standard industry structures for a going concern and best
practice. However, other approaches may be adopted where the Relevant Regulator
is satisfied that to do so would be consistent with the objectives contained in section
8.1.
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SETTING APPROPRIATE WACC PARAMETERS

Envestra has proposed a WACC that reflects three broad philosophical considerations:
(a) The concept of the ‘notional regulated entity’ and its importance in providing
economic incentives in the regulatory regime2;
(b) The cost of capital associated with an asset is the return that investors would
expect to receive from a project in order to justify committing funds to that
investment3. This means that Envestra’s proposed WACC is driven by what it
observes in the market as necessary to compensate investors for the risks
associated with investing in regulated gas distribution assets; and
(c) Restricting the supply of infrastructure has significant negative macroeconomic
implications. It is therefore prudent that Regulators heed the Productivity
Commission warnings and not constrain investment by setting an artificially low
WACC.
These issues are interrelated because economic regulation cannot be a purely theoretical
exercise. The ‘notional regulated entity’, used by Regulators to depict an impartial owner of the

These terms can be used interchangeably
The Allen Consulting Group, Debt and Equity Raising Transaction Costs, Final Report to the ACCC, December
2004, page 3
3
Allen Consulting Group, Empirical Evidence on Proxy Beta Values for Regulated Gas Transmission Activities,
Report for the Australian Competition and Consumer Commission, July 2002, p8
1
2
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regulated network, needs to provide workable outcomes4, incentives to innovate and be
capable of being implemented so as to provide the expected outcomes to all stakeholders –
services to the required standard and returns to capital providers. To do otherwise would
undermine the confidence of investors and diminish the flow of funds required to finance
Australian infrastructure.
On the second issue, there is now a growing realisation that access regulation, and the
application of rates of return that are too low, inhibits investment. This recognition was
reflected in recent ‘watershed’ publications such as:
(i)
The Productivity Commission Report on the National Access Regime; and
(ii)
The Productivity Commission Report on the Gas Access Regime.
Investment was one of the key concerns coming out of the PC Reports on the National Access
Regime and the Gas Access Regime. It dominated the Commission’s position paper and final
report in relation to the National Access Regime and was regarded as being particularly
significant for essential infrastructure facilities because:
“… third party access over the longer term is only possible if there is investment to
make these services available on a continuing basis. Such investment may be
threatened if inappropriate provision of access, or regulated terms and conditions of
access, lead to insufficient returns for facility owners. While the denial or monopoly
pricing of access also impose costs on the community (see above), they do not
threaten the continued availability of the essential services concerned. Thus, over the
longer term, the costs of inappropriate intervention in this area are likely to be greater
than the costs of not intervening when action is warranted.”5
The Productivity Commission explicitly canvassed the nexus between allowing adequate rates
of returns in setting access prices and incentives for investment:
“… what is harder to dispute is that the adequacy of regulated rates of return for
particular projects ultimately can only be assessed with reference to the various rate of
return scenarios factored into the decision to invest. Thus, if the possibility of earning
say a 40 per cent rate of return under a particular market scenario was necessary to
get a proposed investment ‘over the line’, the prospect of lower regulated returns –
even if higher than the normal (risk-adjusted) level for that sector – may be sufficient to
deter the investment. Further even successful infrastructure projects will not usually
generate revenues in their early years sufficient to cover costs. Thus, early losses
must be covered by above normal profits in later years as demand for the service
concerned increases. However, if returns in each year are capped at the risk-adjusted
rate of return, the possibility of earning these ‘covering’ higher profits will be removed,
again with adverse implications for incentives of investment.”6
Similarly a major theme in the Productivity Commission Report in to the Gas Access Regime
was the issue of “regulatory error” risk, and the realisation that the potential costs associated

This point is implicit in the Allen Consulting Group, Debt and Equity Raising Transaction Costs, Final Report to
the ACCC. However, we believe it is important to highlight the issue to avoid any doubt.
5 Productivity Commission, Review of the National Access Regime, Position Paper, page xviii – xix.
6 Review of National Access Regime, Inquiry Report, Report No. 17, 28 September 2001, Productivity
Commission, page 81.
4
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with too little infrastructure investment are far greater than those associated with too much
investment. In short, there is asymmetry in the consequences of regulatory pricing errors:
“Given that precision is not possible, access arrangements should encourage
regulators to lean more towards facilitating investment than short term consumption of
services when setting terms and conditions …
[and] given the asymmetry in the costs of under- and over-compensation of facility
owners, together with the informational uncertainties facing regulators, there is a
strong n principle case to ‘err’ on the side of investors”.
Envestra believes that an appropriate method for dealing with this lack of precision is to define
the plausible range for the component parameter values, and to take this range into account in
determining the point estimate of WACC to be used in determining revenue. This approach is
also useful, as some of the WACC variables cannot be directly measured. An estimation
approach based on ranges assists to deal with the uncertainty pertaining to the quantification of
critical parameters. This is the approach that has been adopted in this paper.
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REGULATORY WEIGHTED AVERAGE COST OF CAPITAL

The Code requires estimates of rate of return to reflect standard industry structures for a going
concern and best practice. The cost of capital is the rate of return required by the marginal
investor in a firm (ie. the last investor willing to contribute funds). It represents the minimum
return on capital that a firm must expect to earn on its assets to compensate capital providers
and attract new capital to the business.
Envestra is proposing to apply a real pre-tax to WACC. This is a continuation of the current
method with the benefit that it has the support of other regulatory authorities (IPART & ERA)
and is used in Australian Accounting Standards7. The real pre-tax WACC is derived from the
nominal post-tax WACC formula below:
WACC (nominal, post-tax) = R e •

1 − tc
E
D
•
+ R d • • (1 − t c )
V (1 − t c (1 − γ ))
V
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γ
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Risk adjusted post-tax cost of equity required by investors derived from the CAPM
The benchmark level of equity expressed as a percentage
The benchmark level of debt expressed as a percentage
Sum of assumed debt level plus assumed equity level (V = D + E)
Value of imputation credits
Statutory corporate tax rate
The nominal risk-free rate of return
Debt risk margin

Australian Accounting Standards Board, Accounting Standard AASB 136 - Impairment Of Assets, July 2004
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Rd

Cost of debt (Rf + Dm)

To convert the post-tax WACC to its pre-tax form the forward transformation methodology8 has
been used, which is consistent with the approach used previously by IPART and ERA.
Step 1: convert the nominal post-tax rate of return (WACC nominal post-tax) into a nominal
pre-tax rate by dividing by the tax rate to get:

WACCno min al pre−tax =

WACCno min al post −tax
(1 − tc )

Step 2: convert the nominal pre-tax rate of return (WACC nominal pre-tax) into a real pretax rate (WACC real pre-tax) by dividing by the inflation rate (π) using the Fisher
equation to get:

⎛ 1 + WACCno min al pre−tax ⎞
⎟⎟ − 1
WACCreal pre−tax = ⎜⎜
(
1
)
π
+
⎠
⎝

Davis K., The Weighted Average Cost of Capital for Access Arrangements for Envestra. A Report prepared for
the South Australian Independent Pricing and Access Regulator (SAIPAR), October 20, 1999, pp10-11
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CAPITAL ASSET PRICING MODEL

Higher Reward

Modern Portfolio Theory provides a framework to construct and select portfolios based on the
expected performance of the investments and the risk appetite of the investor. Modern
Portfolio Theory postulates that markets are efficient, trading is frictionless (ie. no transaction
costs or taxes) and there is a positive relationship between risk and reward. CAPM uses
Modern Portfolio Theory to postulate that there is a positive linear relationship between risk and
reward9. This relationship is represented as the Security Market Line in the Figure 5.1. The
Security Market Line shows how reward increases with the risk from a selected
investment/portfolio. The slope of the Security Market Line is referred to as the market risk
premium (in CAPM terms) and investors chose the level of risk they are willing to accept based
on the expected reward. Hence, a priori we have a positively sloping Security Market Line and
investors choose the point on the Security Market Line they desire. For example the investor
located at point A is accepting a lower level of risk than investors at points B and C. However,
investors B and C are expecting to receive a higher return/reward than A.
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Figure 5.1
This positive ex ante relationship between risk and return is fundamental to the CAPM. In
theory this positive relationship should manifest itself in the financial markets, be they interest
rate, equity, commodity, derivative or foreign exchange markets. For the majority of the time
this positive risk-reward relationship prevails. However at various points in time, (ex post) for a
multiplicity of reasons, the risk-reward relationship breaks down. The interest rate markets
exhibit this breakdown at the moment where the yield curve is inverted, meaning that shortterm interest rates are higher than long-term interest rates
The CAPM is the ex-ante basis for estimating the risk adjusted return on equity required by
investors. Modern Portfolio Theory and the CAPM are based on the notions of the profit
motivated rational investor being willing to accept a higher level of risk in return for a higher

9 Brealey

R, Myers S, Partington G, Robinson D (2000) Principles of Corporate Finance, 1st Australian edition,
McGraw-Hill Australia, p210-222

7

return10 and market efficiency. The general formula used to derive the cost of equity is the
CAPM

E ( Ri ) = R f + β i [ E ( MRPm )]
Where:

E(Ri) is the expected return on asset i (or the cost of equity (Re))
Rf is the nominal risk free rate of return (ie. zero variance in returns)
E(MRPm) is the expected Market Risk Premium and is calculated as E(Rm) − Rf.
E(Rm) is the expected return on the market portfolio
E(βi)is the expected systematic risk of asset i

As can be seen from the general CAPM formula the MRP, equity beta and the Risk Free Rate
are linked together to estimate the required rate of return on equity. Hence, they cannot be
looked at in isolation. To simply combine estimates of the risk free rate, MRP and equity beta
that have been derived from disparate and incomparable analyses will be likely to result in an
inconsistent estimate of the required rate of return on equity. Standard & Poors acknowledge
this issue by providing flexibility in CAPM parameter selection so as to derive realistic estimates
the ex-ante cost of equity.
“The cost of equity is typically derived from the Capital Asset Pricing Model (CAPM),
which requires some estimate of the firm’s equity market beta. Since the historical beta
may bear little relevance for the future, analysts are granted the flexibility to modify
their estimates to allow for what they view as realistic assumptions of relative share
price volatility going forward.”11
The CAPM has been applied in all gas regulatory decisions made under the Code since its
inception. Despite the shortcomings of the CAPM, and the statistical noise surrounding some
of the input parameters, we propose to use it in the Access Arrangement although not in a
mechanistic way, but rather in a manner akin to that used by other market practitioners, such
as Standard & Poor’s.

This is commonly referred to as the risk-reward trade-off
Standard & Poor’s, STock Appreciation Ranking System (STARS): Methodology, Analysis, & Performance
Attribution, June 2005, p12

10

11
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RISK FREE RATE

CAPM theory does not provide guidance on the appropriate proxy for the risk free rate12. Usual
regulatory practice is to average the yield on the nominal ten year commonwealth government
bond for a period of 20 days. Figure 6.1 plots the actual yield curve as at June over the past
three years. Yield curves are generally normal, or upward sloping. Given the greater
uncertainty investors face when investing over longer time horizons, long-term rates are
generally higher than short-term rates.
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Figure 6.1
The slope of the June 2003 and June 2004 yield curves are both positive (as expected) with a
slope of 0.05. Contrast this against the inverted June 2005 yield curve with a negative slope of
–0.03. Currently the cash rate is 5.50% and the ten-year bond rate is 5.2%, a 30 basis point
negative differential. There are a number of explanations of why the yield curve is inverted,
amongst them:
The bond market is forecasting an economic downturn and lower short-term interest
rates in the future;
High saving countries like OPEC countries and South East Asia must invest their
surplus and the huge supply of funds is driving down yields at the long end of the curve
where there is less direct central bank influence13;
Inflation in the future is going to be low and this is being priced into long yields;
markets have responded to the prospect of future increases in the desired saving level
in advanced economies14
Lower rates also partly reflect lower levels of planned investment. There are reasons
to believe that investment demand has fallen in the advanced economies. Global
equity prices dropped sharply at the turn of the century, increasing the cost of capital
faced by companies. That, together with the uncertainty associated with corporate

We note that other market observable rates are often used in the CAPM for non-regulatory purposes
HSBC, Australia & New Zealand Weekly, 11 July 2005
14 Bank of England, Inflation Report, May 2005, pp 6-7
12
13
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scandals earlier this decade, may have made companies more cautious about
investing and put downward pressure on long-term real interest rates15;
A fall in the interest rate risk premia may have led to a temporary mis-pricing by driving
long forward rates below their sustainable levels16.
Clearly there are a number factors driving the yield curve inversion at this time. However, what
is not in doubt is the fact that the yield curve will move out of its short-term inversion and
resume a normal profile that reflects the positive relationship between risk and return. This fact
is acknowledged by the Bank of England in its May 2005 Inflation Report.
Changes to current and expected future saving behaviour, as well as lower planned
investment in advanced economies may have played a role. But other factors are also
candidate explanations, and some of these could reverse quickly with the risk of long
real bond rates rising sharply in the future.
The current inversion of the yield curve means that the risk-reward relationship underpinning
CAPM would not be borne out if the regulatory WACC was set using the yield on the nominal
ten year commonwealth government bond . Hence, in setting the risk free rate it is appropriate
to make an adjustment for regulatory purposes. For example, we could use a rolling five year
average of the yield on the 10 year bond rate as was done in the regulatory decision for
ETSA17, or we could use the rate that would apply if the yield curve were normally shaped or
something in between. These issues are explored below and a plausible range for the risk free
rate is derived.
5.1

Lower Bound of the Plausible Range for the Risk Free Rate

A pragmatic alternative to avoid the negative consequences for investment, if the regulatory
rate of return were set using the government bond rate as the risk free rate during yield curve
inversion, is that used by the UK telecommunications regulator, the Office of Communications
(Ofcom). Ofcom added a 4.44 percent premium to the yield on the five year government bond
(gilt) averaged over three months18. The rationale for the Ofcom adjustment was that “current
market yields may not be a good proxy for future rates” due to the inverted yield curve.
the nominal rate for 5-year gilts has fallen over the last year and mechanistically
applying a 3 month average of the most recent data would lead to a risk free rate of
4.5% or less. Such an estimate would, however, be low by historic standards, and
Ofcom believes that some weight should be given to a longer-term perspective,
suggesting that the use of a slightly higher risk free rate would be more appropriate.
Taking account of both the most recent and longer-term evidence, Ofcom proposes to
use a value of 4.7% for the nominal risk free rate, which is consistent with a real risk
free rate of about 2.0% and a rate of inflation of about 2.6-2.7%.19

ibid
ibid
17 ESCOSA, 2005 - 2010 Electricity Distribution Price Determination Part A - Statement Of Reasons, April 2005,
p132
18 Office of Communications, Ofcom’s approach to risk in the assessment of the cost of capital, 23 June 2005, pp
13-15
19 ibid, p15
15
16
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The Victorian Essential Services Commission rejected the Ofcom approach on the basis that
the market rate provides the best estimate of interest rates.
“…rates that are currently prevailing in the market provide the best forecast of interest
rates over the forthcoming period. The yields currently observed reflect the rates at
which parties are willing to buy and sell bonds and hence already reflect the weight of
market opinion about future interest rate movements (including the historical pattern of
interest rates to the extent that history is considered relevant). Current yields also
reflected the rates at which the distributors could lock in their debt financing if so
desired and, in the Commission’s view, the use of current interest rates was consistent
with both theory and the weight of market practice.”20
Implicit in the ESC response is the assumption that the positive ex ante relationship between
risk and return, that is fundamental to the CAPM, does not hold when the yield curve inverts.
No theoretical or empirical evidence has been presented to support this position. Moreover,
the ESC does not attach appropriate weight to the transitory nature of inverted yield curves or
the implications of setting rates of return below that necessary to attract investment funds to the
industry. Ofcom covered these issues in coming to its decision to set the risk free rate above
the rate observed in the market. The Ofcom approach therefore seems to reasonably balance
the requirements of section 8.1 of the Code, which must be taken in consideration when setting
the rate of return (section 8.31 of the Code).
Taking the Ofcom approach and applying it to the current 5.2 percent21 yield on the nominal ten
year Australian commonwealth government bond and grossing it up by 4.44 percent we get a
nominal risk free for regulatory purposes of 5.43 percent. This equates to a real risk free rate
of 2.86 percent, assuming the mid-point of the RBA target range for inflation of 2.5 percent, and
represents the low end of the plausible range for the risk free rate.
5.2

Upper Bound of the Plausible Range for the Risk Free Rate

The risk free rate that corresponds to the upper end of the plausible range should be that which
would exist in a normal yield curve environment. The normal shape to the yield curve can
return if:
The Official cash rate decreases below the 10 year commonwealth government bond
of 5.2 percent; or
The 10 year commonwealth government bond rate increases above the Official cash
rate of 5.5 percent; or
A combination of the two occurs.
The OECD (and other prominent economists22) consider that the current RBA official cash rate
of 5.5 percent is now at the ‘neutral’ level where it neither constrains nor stimulates the
economy. Add to this the fact that all forecasts are for moderate rates of Australian economic
growth out for the next four years23 (at least), there is no requirement for the RBA to lower rate
to promote growth. It follows that the only way the yield curve will return to normal is for longerterm yields to increase above 5.5 percent.
Essential Services Commission, Electricity Distribution Price Review 2006-10, Draft Decision, June 2005, p191
We are assuming that the current 5.2% yield is the average used for regulatory purposes.
22 National Australia Bank, Australian Markets Weekly, 30 May 2005
23 Commonwealth Treasury is forecasting real GDP growth of between 3% – 3.5% p.a. out to 2008/09. Source:
2005/06 Budget Overview: http://www.budget.gov.au/2005-06/overview/html/overview_01.htm
20
21
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The Australian Office of Financial Management currently estimates that the average term
premium margin for 10-year bonds over cash deposits is 75 basis points24. Based on the
Australian Office of Financial Management estimate, the implied nominal risk free rate (ie. 10
year bond rate) for use in the regulatory WACC is 6.25 percent (5.5% + 0.75%). Envestra has
used this rate as a proxy for the upper bound of the plausible range for the risk free rate.
The plausible range for the risk free rate for use in setting the regulatory WACC is 5.43
to 6.25 percent. This range was derived taking into account the current inverted shape
of the yield curve, transient nature of such phenomenon, the risk free rate (10 year bond
rate) that would prevail in a normal yield curve environment, the ex ante nature of CAPM
and investor requirements.

24

Australian Office of Financial Management, Annual Report 2003-04, Commonwealth of Australia, Canberra
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EQUITY BETA

CAPM theory postulates that the value of the equity beta (E(βi)) reflects the level of nondiversifiable risk associated with a particular asset relative to a well-diversified portfolio of
assets. In theory the value attributed equity beta reflects only the reward applicable for bearing
non-diversifiable risk attributable to the company/portfolio in question. Examples of nondiversifiable risk include inflation, economic growth, taxes, interest rates and global oil shocks.
Diversifiable risk arises from events that are unique to the company for which the investor(s) (in
theory) requires no compensation as these risks can be diversified away at little or no cost.
Hence, only the non-diversifiable (beta) risk is compensated for in the CAPM estimate of the
cost of equity.
Regulator

Network Owner

IPART
ERA
ICRC
ACCC
ESC
SAIPAR*
QCA

AGLGN
AlintaGas
ActewAGL
GasNet
Vic GDB's
Envestra
Qld GDB's

Date of Final
Decision
Apr-05
Jul-05
Oct-04
Nov-02
Oct-02
Dec-01
Oct-01

Equity Beta
0.8 - 1.0
0.8 - 1.0
0.9
1.0
1.0
1.16 - 1.29
0.99

* the 1.16 equity beta value is derived using the forward transformation method
and the 1.29 value is derived using the average of the forward and reverse
transformation methodologies.

Equity beta’s provided in recent gas regulatory decisions are presented in the table above.
Obtaining accurate and reliable estimates of the value of equity beta for gas distribution
businesses is problematic from both the perspective of finding reliable proxies and minimising
estimation error. The value of equity beta is an estimate of the statistical relationship between
returns on equity and the market portfolio of all risky assets. There are problems with
estimating the value of equity beta, such as:
(i)
The sample size of the data;
(ii)
Timing and length of the estimation period;
(iii)
Sample frequency is a subjective (ie. daily, monthly, annual) and can impact the
estimated value;
(iv)
Beta estimates can have unacceptably high standard errors;
(v)
Some estimates of beta are less than zero;
(vi)
Some are unstable through time.
These problems are well known and common to all economic regulators. Hence regulators
must apply a degree of pragmatism and judgement in setting the value for equity beta.
As stated in the 2005 - 2010 Electricity Distribution Price Review it is clear that ESCOSA
believe that most appropriate measure of equity beta is that which, when used in the CAPM,
provides the most accurate measure of the returns achieved.
“While the beta that is used in the CAPM should reflect the expected relationship
between returns to a particular asset and the market as a whole, betas can only
practicably be measured for a historical period. The estimation of an equity beta for an
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entity, in practice, requires the relevant entity to be listed on a stock exchange, and
with observations available over a reasonable period of time.”25
This is exactly the approach taken by Stephen Gray, (University of Queensland Business
School), Jason Hall (University of Queensland Business School), Jerry Bowman (University of
Auckland), Tim Brailsford (University of Queensland Business School), Robert Faff (Monash
University) and Robert Officer (Capital Research) in the report titled the performance of
alternative techniques for estimating equity betas of Australian firms dated May 2005. A copy
is attached in Appendix 1. The report examines the estimation techniques currently applied by
a range of regulatory authorities, and tests their reliability against out-turn returns. The report
concludes that a default assumption of an equity beta of 1.0 is the least error prone approach.
The authors of this report are all experts in the field of corporate finance with many years
experience. Substantial weight can therefore be placed on the conclusions drawn in the report
in defining the plausible range for equity beta.
The Allen Consulting Group in its report titled Empirical Evidence on Proxy Beta Values for
Regulated Gas Transmission Activities, Report for the Australian Competition and Consumer
Commission, dated July 2002 came to the same conclusion by recommending that the equity
beta not be reduced below 1.0 until sufficient evidence was presented to the contrary. Indeed
Allen’s reiterated their advice recently in the AlintaGas Distribution price review.
“The Allen Consulting Group agrees with KPMG that an equity beta of 1.0 is
reasonable at this time in the absence of rigorous evidence indicating another value is
more appropriate.”26
This outcome was echoed by the Victorian Essential Services Commission in its June Draft
Decision27 and prior to that in its December 2004 Issues Paper for the 2006-10 Electricity
Distribution Price Review in which it stated that:
……given the lack of reliability of, and imprecision associated with, capital market
information the Commission is reluctant to move too far from the range of proxy betas
that have been adopted in comparable decisions.28
With regard to the equity beta of 0.9 provided to ETSA we see that ESCOSA used a
combination of historical domestic analysis, overseas beta analysis and comparisons to other
regulatory decisions to set the equity beta of 0.9 for ETSA Utilities (upon appeal). A report by
Associate Professor Martin Lally29 was provided to ESCOSA as justification of an equity beta of
0.8. However, a report by National Economic Research Associates30 (NERA) critiquing the
Lally report casts significant doubts over Lally’s conclusions rendering the report inappropriate
for regulatory decision-making. ESCOSA also presented a graph purporting to show the trend

25 ESCOSA, 2005 - 2010 Electricity Distribution Price Determination Part A - Statement Of Reasons, April 2005,
p132
26 Allen Consulting Group, AlintaGas Networks Revised Access Arrangement: Proposed Rate of Return, Report to
Economic Regulation Authority, May 2004, p23
27 Essential Services Commission, Electricity Distribution Price Review 2006-10, Draft Decision, June 2005
28 ESC (December 2004), “2006-10 Electricity Distribution Price Review – Issues Paper”, page 93
29 Martin Lally, The Equity Beta For ETSA Utilities, May 6 2005
30 NERA, Review of Associate Professor Lally’s Critique of NERA’s April Report – A report for Johnson Winter &
Slattery, May 2005
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in equity betas for comparable entities to ETSA over the 1999 – 2004 period. This analysis
suffers from all of the estimation problems outlined above.
Furthermore, the equity beta needs to account for the exposure to volume risk.31 In
determining the equity beta of 0.9 for the Queensland electricity distributors in April 2005 the
QCA stated that an equity beta of 1.0 was likely in the absence of the revenue cap and capital
expenditure pass through. Hence, regulatory arrangements that pass volume risk and capital
expenditure risk to the business, such as the price cap proposed by Envestra, are
systematically riskier than those with a revenue cap and this needs to be reflected in the equity
beta. This was a key point in the QCA’s deliberations for the Queensland electricity
distributors:
The Authority considered adopting an equity beta of 1.0 but concluded that several
features of the regulatory arrangements contained in this Determination and outlined
above reduce the risk faced by Energex and Ergon below that of other Australian
regulated electricity businesses. Those regulatory arrangements have been
established in response to the unusual circumstances facing the two distributors at this
time and recognise the recommendations of the EDSD Review. Were it not for those
arrangements, an equity beta of 1.0 may have been determined.32
Taking all of the above into account an equity beta 1.0 is the minimum value for a gas
distribution business, particularly after taking into consideration the higher systematic risk
relative to electricity distribution. Consistent with the findings of the Allen Consulting Group and
the Gray et al paper titled the performance of alternative techniques for estimating equity betas
of Australian firms Envestra proposes that an equity beta of not less than 1.0 be used in
formulating the Access Arrangement.
The concurrence of opinion about the value of equity beta not being less than 1.0 (with a
60:40 capital structure) in the Gray et al report, the KPMG report and the Allen
Consulting Group analysis provides a strong basis for regulatory decision-making as
they have all reach the same conclusion by approaching the issue from different
perspectives. We propose that the plausible range for equity beta in determining the
regulatory WACC is 1.0 to 1.1.

31

32

volume reflects non-diversifiable risk factors such as economic growth, weather, etc.
QCA, Final Determination - Regulation of Electricity Distribution, April 2005, p ii
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MARKET RISK PREMIUM

The market (equity) risk premium used in the CAPM and is the ex-ante premium above the
risk-free rate of return that investors expect to earn on the ‘market portfolio’. The ‘market
portfolio’ comprises all risky assets – not only shares in listed companies, but also shares in
private companies, risky debt securities, real estate, commodities, and other physical assets,
and even human capital. Thus we should not restrict out analysis to the share portfolio, but
instead think about the broader portfolio, known as the ‘market portfolio’ that is the optimal
portfolio of risky assets held by all investors33.
Standard regulatory practice has been to use stock market data to estimate the MRP. This
effectively excludes a large part of the ‘market portfolio’ from the MRP analysis meaning that
the conclusions drawn may not provide a reliable estimate of the MRP, especially if the returns
from the stock market are not representative of those from other asset classes within the
market portfolio. In the latest statistics34 regarding the portfolio composition of Australian
domiciled investors it is apparent that a significant proportion of the ‘market portfolio’ is held in
assets other than listed shares and therefore not captured in the standard analysis of the MRP.
For example, 17 percent of the portfolio is held in residential property, which is only slightly less
than the allocation to listed shares. Furthermore, given that the returns on residential property
have exceeded shares on the ASX by an average of 340 basis points35 per annum over 20
years (1984-2003) it is reasonable to infer that the MRP estimates derived from stock market
data understate the true MRP. This is an important consideration in determining the plausible
range for the MRP used in the regulatory WACC.
Portfolio of
Investrments
Superannuation
Shares on ASX
Residential Property
Bank Deposits
Fixed Interest Deposits
Managed Funds
Overseas Shares
Other - Listed Property
Other - Total

% of Portfolio
35%
20%
17%
8%
6%
5%
2%
n/a
7%

Average return
1984-2003
n/a
11.7%
15.1%
8.0%
10.7%
n/a
12.2%
11.8%
n/a

Table 8.1
Two studies, by Capital Research36 and the South Australian Centre for Economic Studies37
(SACES), were tabled with the Victorian ESC as part of the electricity distribution price review
that derived estimates of between 4.5 percent and 5.6 percent for the market risk premium.
Brealey R, Myers S, Partington G, Robinson D (2000) Principles of Corporate Finance, 1st Australian edition,
McGraw-Hill Australia, p209
34 ASX, Share Ownership Study, 2003, p14
35 ASX, Towers Perrin ASX Investment Sector Performance Report, December 2003. The average return is
calculated on a consistent basis across investment classes over a 20 year period ending 31 December 2003.
36 Capital Research Ltd 2005, Australian Market Risk Premium, January. Submission in response to the Position
Paper
37 South Australian Centre For Economic Studies (SACES) 2005, The Market Risk Premium for Australian
Regulatory Decisions, 28 April, Adelaide. Submission provided in response to the Position Paper.
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The ESC appeared to give significant consideration to the Capital Research and SACES
studies.
“A key feature of the material placed before the current review is a focus on improving
the techniques for interpreting that historical data, and for making inferences about the
expected future equity premium.”38
A paper by prepared for the Energy Networks Association by Stephen Gray and R.R. Officer39
(Gray & Officer) reviewed Capital Research and SACES MRP analysis. Apart from issues with
the statistical analysis used in the Capital Research and SACES papers the main deficiency
identified by Gray & Officer was that ‘ad hoc’ adjustments were made to the data. The
rationale used in making the adjustments could be applied to other events requiring further
adjustments that were not made. In Gray & Officer’s opinion it is better to estimate the MRP
from unadjusted data over a long time period. Gray & Officer find that the MRP is between 6.4
and 7.7 percent estimated over long and short historical periods. This is substantially above
the 6 percent used in many regulatory decisions (see table 8.2 below) and that estimates below
6 percent can only be achieved by making selective adjustments to the historical data.

Regulator

Network Owner

IPART
ERA
ICRC
ACCC
ESC
SAIPAR
QCA

AGLGN
AlintaGas
ActewAGL
GasNet
Vic GDB's
Envestra
Qld GDB's

Date of Final
Decision
Apr-05
Jul-05
Oct-04
Nov-02
Oct-02
Dec-01
Oct-01

Market Risk
Premium
5.5% - 6.5%
5.0% - 6.0%
6.0%
6.0%
6.0%
6.0%
6.0%

Table 8.2
Supporting the Gray & Officer findings of the MRP being greater than 6 percent are the
following analyses:
(i)
The average annual Australian MRP from 1883 to 2000, as measured by the
average annual excess returns from holding shares, using the All Ordinaries Index,
compared to 10 year Commonwealth bond yields, was 7.3 percent per annum40;
Brealey, Myers et al (2000) have suggested an 8 percent MRP for Australia in
(ii)
textbooks41;
(iii)
A comparable MRP of 7.1 percent from 1900 to 2000 was found by Dimson, Marsh
and Staunton (2000)42; and

Essential Services Commission, Electricity Distribution Price Review 2006-10, Draft Decision, June 2005, p303
S Gray & RR Officer, A Review of the Market Risk Premium and Commentary on Two Recent Papers – A
Report for the Energy Networks Association, 15 August 2005
40 Gray S, (2001) Issues in Cost of Capital Estimation,
http://www.reggen.vic.gov.au/PDF/2001/SubUQBS_GasPosPapOct01.pdf
41 Brealey R, Myers S, Partington G, Robinson D (2000) Principles of Corporate Finance, 1st Australian edition,
McGraw-Hill Australia, pp 166.
42 Dimson, Marsh and Staunton, Twelve Centuries of Capital Market Returns, Business Strategy Review, 2000,
Vol 11, Issue 2.
38
39
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(iv)

The KPMG report for United Energy Distribution submitted to the Victorian ESC as
part of the electricity distribution price review43 supported a “market risk premium
of 7% based on published research and given the absence of firm evidence
regarding a downward trend in market risk premia in Australia”.44

Taking into consideration the proposed ranges for the equity beta and risk free rate, the
empirical evidence and the prevailing market conditions we consider that the plausible range
for the MRP is between 6 and 7 percent.

The proposed range for the MRP is between six and seven percent.
considerable research available to support an MRP in this range.

8

There is

CAPITAL STRUCTURE

Envestra proposes to adopt a capital structure comprising sixty percent debt and forty percent
equity on the basis that it has become the standard regulatory benchmark capital structure for
gas distribution and transmission businesses (see table below).
Regulator

Network Owner

IPART
ERA
ICRC
ACCC
ESC
SAIPAR
QCA

AGLGN
AlintaGas
ActewAGL
GasNet
Vic GDB's
Envestra
Qld GDB's

Date of Decision
Final
Apr-05
Jul-05
Oct-04
Nov-02
Oct-02
Dec-01
Oct-01

Debt:Equity
60:40
60:40
60:40
60:40
60:40
60:40
60:40

Whilst it is possible to propose a range for gearing, Envestra is comfortable with the 60%
benchmark gearing assumption, with the proviso that the approach adopted to determine the
debt margin and equity beta is consistent with this assumption.

Envestra proposes that the capital structure comprising sixty percent debt and forty
percent equity is within the plausible range and that it be used in the regulatory WACC.

KPMG, The Weighted Average Cost of Capital, 2006 Electricity Distribution Price Review, October 2004, p7
Queensland Treasury Corporation, Draft Decision on the Queensland Transmission Network Revenue Cap
Response, August 2001, pp 19.

43
44
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9

DEBT MARGIN

The cost of debt is the sum of the risk free rate and debt margin. The cost of debt must reflect
the credit rating of the notional benchmark entity and be consistent with the risk free rate.
Envestra has estimated the plausible range for debt margin using a three step approach.
First, it is necessary to determine an appropriate credit rating for the benchmark entity.
Creditworthiness is usually quantified in terms of a credit rating that reflects the business risk of
the entity and the benchmark level of gearing. Australian regulatory precedent is to use a
credit rating of BBB to BBB+ for a regulated energy distribution business with 60 percent
gearing, as demonstrated in Table 10.1 below. This is consistent with market practice.
Credit Ratings Adopted in Recent Australian Regulatory Determinations
Regulator
Industry
Gearing
QCA (2001)
60%
IPART (1997)
40-60%
IPART (2000)
60%
Gas distribution
IPART (2005)
60%
ESC (1998)
60%
ESC (2002)
60%
ACCC (2000)
Gas Transmission
60%
QCA (2005)
60%
QCA (2001)
60%
Electricity distribution
IPART (2004)
60%
ESC (2000)
60%
ACCC (2000)
Electricity transmission
60%

Credit Rating
BBB+
n/a
Investment
Grade
BBB – BBB+
BBB - AA
BBB+
BBB – ABBB+
BBB+
BBB – BBB+
BBB – A
A
Table 10.1

Then it is necessary to estimate the debt margin payable by a BBB/BBB+ rated corporate
borrower, relative to the risk-free rate. A number of commercial services provide estimates of
the spread between risk-free government bonds and corporate bonds of various ratings.
Envestra has used CBASpectrum to provide the debt margin payable on long-term BBB and
BBB+ corporate bonds.
CBASpectrum estimates of long-term low rated corporate debt have been the subject
considerable debate. Economic consultants NERA were commissioned by the Energy
Networks Association to provide a critique of publicly available estimates of the credit spread
on corporate bonds45 (see Appendix 2), and found that the methodology applied by
CBASpectrum to predict fair value yields is statistically biased with respect to long dated, low
rated issues, and is likely to underestimate the cost of ten year BBB/BBB+ rated debt. Based
on its time-series analysis of yields for corporate bonds over the last two years, NERA found
that 25.6 basis points should be added to the debt margin calculated by CBASpectrum. The
Allen Consulting Group46, undertaking a comparable analysis for the Economic Regulation
Authority in Western Australia, supported the NERA findings and recommended adding around
25 basis points to the CBASpectrum estimate for regulatory purposes. Envestra agrees with
National Economic Research Associates, Critique of Available Estimates of the Credit Spread on Corporate
Bonds,May 2005
46 The Allen Consulting Group, Memorandum to Mr. Peter Rixson, Manager Projects, Economic Regulation
Authority, Re: AGN cost of debt margin, 11 July 2005.
45
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this analysis and proposes to add 25-26 basis points to the CBS Spectrum estimates of debt
margins.
Finally, it is necessary to include an allowance for debt financing costs. Financing cost
allowances in regulatory decisions have converged at the 12.5 basis points level since the
Allen Consulting Group report to the ACCC, Debt and Equity Raising Transaction Costs, Final
Report to the ACCC, December 2004. Table 10.2 below shows the range of regulatory
decisions on this matter. We note that ESCOSA approved an allowance of 12.5 basis points in
the ETSA Final Determination47. Envestra proposes to add 12.5 basis points for financing
costs
Assumed Credit
Date of Decision
Debt Margin (bp)
Final
Rating

Regulator

Network Owner

IPART#

AGLGN

Apr-05

113 - 122

BBB - BBB+

ERA#

AlintaGas

Jul-05

131 - 145.5

BBB+

ICRC#

ActewAGL

Oct-04

124.5

not stated

ACCC#

GasNet

Nov-02

158.5

BBB+

ESC1
SAIPAR*
QCA2

Vic GDB's
Envestra
Qld GDB's

Oct-02
Dec-01
Oct-01

170
120
155

BBB+
not stated
BBB+
Table 10.2

# includes 12.5 basis points financing costs
1 includes 5 basis points financing costs
* based on the available evidence with no allowance for finance costs. However we note that
the CBASpectrum estimate of the applicable margin on ten year commonwealth government
bonds was in excess of 200 basis points in October, November and December 2001 which is
around the time the WACC would have been finalised for the Final Decision.
2 financing costs were included in non-capital costs

CBASpectrum reports that the debt margin for BBB/BBB+ corporate bonds is approximately
100 – 109 basis points above ten year Commonwealth government bond. Added to this is 2526 basis points to account for the systematic bias in the CBASpectrum and 12.5 basis points
for financing costs. This results in a debt margin in the plausible range of between 138 to 148
basis points above the risk free rate.

The plausible range for the debt margin is between 138 to 148 basis points above the
risk free rate.

47

ESCOSA, 2005 - 2010 Electricity Distribution Price Determination Part A - Statement Of Reasons, April 2005,
p161
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10 VALUE OF IMPUTATION CREDITS
The value of imputation credits (‘gamma’ or ‘γ’) has been a contentious issue in the
determination of the regulatory WACC. The table below summarises recent gas transmission
and distribution decisions relating to gamma. There is a large amount of regulatory precedent
for a gamma of 0.5 but the recent empirical analysis does not support the use of this value.
Envestra has prepared an analysis of the value of gamma, which is provided it in Appendix 3.
The findings from this analysis estimate the plausible range for the value of gamma is between
0.35 and zero.
Regulator

Network Owner

IPART
ERA
ICRC
ACCC
ESC
SAIPAR
QCA

AGLGN
AlintaGas
ActewAGL
GasNet
Vic GDB's
Envestra
Qld GDB's

Date of Final
Decision
Apr-05
Jul-05
Oct-04
Nov-02
Oct-02
Dec-01
Oct-01

Gamma
0.3 - 0.5
0.3 - 0.6
0.3 - 0.5
0.5
0.5
0.5
0.5

Table 11.1

The plausible range for the value of gamma to be used in setting Reference Tariffs is
between zero and 0.35.

11 FORECAST INFLATION
Standard regulatory practice has been to derive the inflation rate from the difference between
nominal bond yield and CPI indexed bond yield. The typical justification given for this approach
is that it is a market based estimate of the forecast inflation rate. However, there is reason to
believe that forecast calculated in this manner could be affected at various points in time by
new issuance/redemption in the CPI indexed bond market, liquidity in market, changes in
investor attitude to risk, changes in insurance and pension fund regulation48.
For purposes of calculating the regulatory WACC, Envestra proposes that the plausible range
for forecast inflation rate be in the top half of the RBA target range of 2 to 3 percent. This
reflects the future impact on inflation of higher oil prices and is consistent with most forecasts of
inflation, including that used in the forward budget projections by Commonwealth Treasury49.
Envestra propose that the forecast annual inflation rate of 2.5 to 3 percent be used in the
regulatory WACC.

Bank of England, Inflation Report: May 2005, page 6
Commonwealth Treasury is forecasting real GDP growth of between 3% – 3.5% p.a. out to 2008/09. Source:
2005/06 Budget Overview: http://www.budget.gov.au/2005-06/overview/html/overview_01.htm

48
49
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Envestra propose that the forecast inflation rate in the plausible range of 2.5 to 3 percent
be used in calculating the regulatory WACC.

12 REAL PRE-TAX WEIGHTED AVERAGE COST OF CAPITAL
The WACC parameters have been summarised in the table below.
WACC Parameters
Nominal Risk Free Rate
Forecast Inflation
Debt Risk Margin
Cost of Debt
Market Risk Premium
Equity Beta
Value of Imputation Credits
Real Pre-Tax WACC

Plausible Range for
Parameter Values
5.43% to 6.25%
2.5% to 3%
1.38% to 1.48%
6.81% to 7.73%
6% to 7%
1.0 to 1.1
0 to 0.35
6.7% to 9.99%

The analysis indicates a range for real pre-tax WACC for the Network of between 6.7 and
9.99%. Envestra has elected to use a point estimate of 7.3 percent as the rate of return for
determining revenue. This estimate falls within the plausible range of estimates of WACC
identified above. It is marginally higher than the 7.13 percent approved by ESCOSA for ETSA
in 2005 and is consistent with the risk profile of gas distribution relative to electricity distribution.
A 7.3 percent return is therefore consistent with the prevailing conditions for funds in the South
Australian energy market, and the risk involved in delivering the Reference Service. Envestra
believes this rate of return is consistent with the Code requirements and sufficient to enable
Envestra to continue to invest in the Covered Pipeline.
Envestra proposes to apply a real pre-tax WACC of 7.3% in the formulation of this
Access Arrangement.
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APPENDIX 1:
The performance of alternative techniques for estimating equity betas of
Australian firms
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Executive summary
We evaluate the ability of estimated equity betas to explain observed equity
returns of Australian-listed stocks from 1989 to 2003 under alternative
estimation techniques. If equity beta estimates are to be used in the CAPM to
estimate the cost of equity capital, the optimal technique is that which
provides the best match between observed stock and market returns. That is,
the beta estimation technique that is chosen is that which “works best” when
used in the CAPM to model equity returns. The standard approach taken by
Australian regulators, who perform comparable-company analysis using firmspecific beta estimates, is to rely on beta estimates from an ordinary least
squares (OLS) regression on 48 months of share market and company returns.
The majority of this paper examines how best to estimate the equity beta of
each individual firm. Subsequent work will investigate more thoroughly how
best to aggregate estimates from comparable firms.
Our analysis indicates that the standard OLS beta estimates based on four
years of monthly data perform worse than almost every alternative that we
examine. That is, the mechanical beta estimates that are produced by data
service providers perform poorly relative to other estimation techniques – they
simply do not work as well as other techniques when used in the CAPM to
model equity returns. In particular, we find that this technique is inferior to
the following alternatives:
• OLS regression using data periods longer than four years;
• Blume-adjusted estimates, as used by Bloomberg, ValueLine and Merrill
Lynch;
• Statistical techniques that eliminate outlier data points;
• Using the median beta estimate from all firms in a broad industry rather
than the estimate for an individual firm;
• Using an equity beta estimate of unity for all firms.
That is, if the purpose of estimating an equity beta is to use it in the CAPM to
estimate the cost of equity capital, an estimation technique in which every firm
is assumed to have an equity beta of unity outperforms the standard
mechanical OLS regression technique that is used by data service providers.
These mechanical beta estimates, without the appropriate adjustments,
perform very poorly when used in the CAPM to estimate the cost of equity
capital.
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1 Introduction
The Capital Asset Pricing Model (CAPM) develops the relationship between the
systematic risk of an asset, measured as its equity beta, and the expected rate of
return on that asset. The most common application of the CAPM is to estimate
the expected return on equity. This is used for valuation, capital budgeting,
portfolio performance evaluation and in setting regulated returns. While
empirical research suggests that the CAPM has limited ability to explain the
variation in realised returns on stocks, there is no consensus view as to an
alternative model for estimating expected returns. Academics still advocate the
use of the CAPM as the appropriate method to determine the expected return on
equity due to its strong theoretical underpinnings and the lack of a theoretically
justifiable alternative.1 Further, there is evidence to suggest that the CAPM is still
widely applied in practice. Surveys by Graham and Harvey (2001) and Bruner,
Eades, Harris and Higgins (1998) suggest that about 80 percent of firms still use
the CAPM as a model of expected equity returns. This evidence is supported by
the presence of organisations such as BARRA and CRIF which sell equity betas
for use in cost of capital calculations. Moreover, many other organisations such
as Bloomberg, ValueLine, DataStream, and Merrill Lynch provide beta estimates
as well as other data items.
While the CAPM is generally-accepted as an appropriate returns-generating
model, there is considerable debate about appropriate techniques for estimating
its inputs, especially the estimated equity beta. The standard approach taken by
Australian regulators, who perform comparable-company analysis using firmspecific beta estimates, is to rely on beta estimates from an ordinary least squares
regression on 48 months of share market and company returns.2 But this
approach is adopted without reference to the uncertainty inherent in the beta
estimation process. All equity betas, of both listed and unlisted firms are estimates
of the statistical relationship between returns on equity and the market portfolio
of all risky assets. This means that estimation techniques which produce beta
estimates that are subject to a high degree of estimation error have a high
probability of producing an estimate that has little relevance for valuation and
setting regulated returns. In other words, imprecise estimation techniques could
unjustifiably alter investor and company valuations, and affect the revenue stream
of regulated entities, purely due to statistical anomalies.
The aim of this paper is to evaluate the usefulness of alternative beta estimation
techniques in forecasting future stock returns. If equity beta estimates are to be
used in the CAPM to estimate the cost of equity capital, the optimal technique is
that which provides the best match between observed stock and market return.
That is, the beta estimation technique that is chosen is that which “works best”
when used in the CAPM to model equity returns.

1

See, for example, the discussion in Brailsford, Faff and Oliver (1997).

2

For example, the beta estimates provided by the Centre for Research in Finance (CRIF) at the Australian
Graduate School of Management (AGSM) are computed in this manner.
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We consider the impact of the returns window, weighting schemes that correct
for extreme estimates by adjusting beta estimates towards one, whether industry
betas are useful, and the impact of outliers. In each case, we consider whether the
estimation technique provides an estimated beta that is a better predictor of
returns than simply assuming the equity beta equals one. This is a default or null
hypothesis in the sense that the equity beta of the average stock is unity by
construction. Thus, the further an estimate is from one, the greater is the
probability of mis-estimation. For an estimation technique that is based on actual
data to be useful, there must be evidence that it is a better predictor of future
returns than simply maintaining a default estimate of unity.
While the results of this paper are applicable for general use of the CAPM, we
place our analysis in the context of the regulatory setting, because of the
significant impact of beta estimates on regulated prices and consequently, the
market value of regulated assets. In regulated industries, including the supply and
distribution of gas, water and electricity, prices are determined such that each
firm operating in the industry is allowed to earn a regulated return on its assets,
usually the weighted average cost of capital (WACC) of a benchmark firm, which
includes the expected return on equity. The effect of under-estimation of the
true equity beta is an under-estimation of the WACC and, consequently, an
under-estimation of allowed prices. This affects the incentives for future
investment and ultimately the ongoing viability of the regulated business. Thus,
the consequences of mis-estimation of equity betas are substantial.
The results presented in this paper are independent of any industry- or firmspecific data. The paper documents the performance of various beta estimation
techniques as they apply to the Australian market. We do note, however, that the
results for the general market also apply to the subset of firms in the utilities
industry sector.
The remainder of this paper is structured as follows. Section 2 explains the
reasons behind each of the different beta estimation methods which we examine,
including examples of how these methods can potentially improve analysis that
relies on beta estimates. Section 3 provides a description of how we evaluate the
performance of the beta estimates. Section 4 describes our dataset and presents
the results of the empirical analysis. Section 5 discussed the robustness of the
results. Some conclusions as to the best beta estimation method to use are
provided in Section 6.

Introduction
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2 Motivations for different estimation
methods
While the CAPM is generally accepted as an appropriate returns-generating
model, there is considerable debate about appropriate techniques for estimating
its inputs, especially the estimated equity beta. The most common approach
taken to estimate betas involves an Ordinary Least Squares (OLS) regression of
the returns on the company’s equity against the returns on a broad-based index,
with the estimated coefficient on the independent variable taken to be the
company’s beta. This is consistent with finance theory, as this regression is a
statistical implementation of the CAPM, under the assumption that the average
of realised returns will equal expected returns in a large sample. However, a
researcher must decide what frequency of data to use, what time period to use as
the estimation window, and whether to apply one of the many statistical
adjustments which have been suggested in the literature, such as Blume’s (1971)
adjustment for mean reversion and the Scholes-Williams (1977) adjustment for
non-synchronous trading. The theory which supports the use of the CAPM as an
asset pricing model provides no suggestions as to the best way to estimate equity
betas.
Commercial data services which provide beta estimates generally rely on
estimates using an OLS regression of the returns on a company’s equity against a
stock market index. Monthly data taken over a 4 to 5 year period is usually
adopted. Some beta providers use statistical adjustments, while others simply
report the raw or unadjusted estimates. However, it is not clear that these
practices are employed on the basis that they provide the best estimates of beta.
It may be the case that these methodologies are employed for commercial
convenience. For example, there is evidence to suggest that betas estimated over
a longer time period are more useful. However, this may not be in the
commercial interests of the beta providers, given that this would reduce the
number of companies in their sample. For example, CRIF estimates betas over a
48 month period, but only requires a firm to have 24 of the past 48 monthly
return observations to be included in their sample. This very low threshold still
eliminates 20% of ASX listed companies from their sample. Therefore, it may be
the case that other methodologies are more appropriate in terms of providing
estimates which are most useful to practitioners, but are dismissed for
commercial reasons.
In this section, we examine a range of issues that arise when constructing beta
estimates. In each case, our goal is simply to motivate that the particular issue is
worth considering when constructing beta estimates. We draw no conclusions,
other than to develop a list of beta estimation techniques to be examined in
terms of their empirical performance.

2.1

CHANGING THE DATA ESTIMATION PERIOD

The selection of the length of the estimation period for estimating betas involves
a trade-off between statistical precision and relevance. A greater volume of data,
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obtained by a longer estimation window, is likely to reduce measurement error
and increase statistical precision. However, extending the estimation period
increases the chance that the beta estimate is less relevant for decision-making
because the business has changed over time.
The current approach taken by Australian regulators, and several beta providers
such as CRIF, is to estimate betas using four years of monthly data. However, a
number of academic papers present evidence showing that the optimal
estimation period is considerably longer than four years. For example, Gonedes
(1973) finds that seven years of monthly data provides beta estimates which more
accurately forecast subsequent period stock returns compared to estimates using
3, 5, 10 and 21 years of data. Similarly, Baesel (1974) observes that the longest
time period which he evaluated, which is nine years, is optimal in terms of the
forecast performance of beta.
Further, betas estimated over a longer estimation window are likely to be
substantially more stable over time compared to those estimated over a shorter
period. The difference in stability of beta estimates over different time periods is
demonstrated in the following two graphs, which compares 4- and 10-year beta
estimates for Rio Tinto and Consolidated Rutile. The betas are calculated for
each quarter between the 4th quarter 1989 and the 4th quarter 2003. The 4-year
betas use 48 monthly observations, while the 10 year estimates use 120 monthly
observations.
Rio Tinto
2
1.8
1.6
1.4
1.2
1
4-1989

4-1991

4-1993

4-1995
beta_4yr

4-1997

4-1999

4-2001

4-2003

beta_10yr

Figure 1: Comparison of the 4 year and 10 year beta estimates for Rio Tinto between the 4th
quarter 1989 and the 4th quarter 2003. Both betas are estimated using monthly observations.
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Consolidated Rutile
2
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1
0.5
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4-1991

4-1993
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4-1999
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4-2003

beta_10yr

Figure 2: Comparison of the 4 year and 10 year beta estimates for Consolidated Rutile between
the 4th quarter 1989 and the fourth quarter 2003. Both betas are estimated using monthly
observations.

The 4-year beta estimate for Rio Tinto ranges from 1.1 to 1.8 over the 14-year
period, compared to the 10-year beta estimate which is relatively stable at close to
1.4. In this instance, the volatility of the 4-year beta estimate is likely to be due to
statistical anomalies, rather than two fundamental shifts in Rio Tinto’s systematic
risk. We observe a similar difference in the dispersion of the beta estimates for
Consolidated Rutile.
Note that the 10-year beta estimate will inevitably be more stable over time than
4-year estimate. This is because from one quarter to the next only three
observations change. Thus, for the 10-year estimate three of 120 observations
change whereas for the 4-year estimate three of 48 observations change. Clearly,
a rolling time series of 10-year estimates will be more stable. Ultimately, the issue
is not one of stability but of predictive performance – which beta estimate, when
used in the CAPM, does the best job of modeling equity returns. We simply
present these examples to illustrate that beta estimates can differ considerably
depending on the data window used and to motivate that this is one aspect of
beta estimation that should be examined in terms of empirical performance.
Of course, a stable beta estimate may be desirable in the context of regulatory
determinations as it reduces variation in WACC estimates and therefore prices
from one determination to the next. However, our main focus in this paper is to
note that beta estimates vary with the data window and to examine the empirical
performance of different data windows in a systematic way.

2.2

THE USE OF INDUSTRY BETAS RATHER THAN
COMPANY-SPECIFIC BETAS

It is well-known that equity beta estimates for individual companies are
statistically imprecise and characterized by large standard errors. In short, they
are too imprecise to be relied on with any confidence. This is evident by
examining the size of the standard errors that are typical of beta estimates,
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particularly those estimated over a short time period such as 4 years. The graph
below shows just how imprecise 4-year beta estimates can be. Specifically, it
displays the estimated beta for each quarter between 1997 and 2003 for Oil
Search, where each beta estimate is based on 48 months of data, as well as the
95% confidence interval.

Oil Search Beta Estim ates - 95% Confidence Interval
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Figure 3: The estimated equity beta for Oil Search for each quarter between 1999 and 2003, and
the 95% confidence interval around each estimate.

The chart clearly shows that there is substantial uncertainty around each point
estimate of beta. For example, for most of the estimated betas between 1999 and
2001, we cannot reject the hypothesis that the true beta is 1, or the hypothesis
that the true beta is 2.5. Further, the point estimate of beta in the 4th quarter 2001
jumped more than 0.5 from the beta estimate in the previous quarter, despite the
fact that the hypothesis that the true beta in 4th quarter 2001 is equal to the
estimated beta in the 3rd quarter in 2001 cannot be rejected. Also note that this
occurred even though only three of the 48 data points vary between the two
periods.
In the context of such wide confidence intervals, point estimates of beta are
almost meaningless. Further, it is not unusual for beta estimates to be both
insignificantly different from zero and one, implying that there is a 95% chance
that the expected return on equity for the stock lies somewhere from the risk-free
rate and the average return on equity in the market. Consequently, many
academics and practitioners advocate the use of some form of aggregated
industry beta instead of a company-specific beta. This procedure relies on the
premise that companies in the same industry group will tend to have similar
levels of systematic risk.
Of course, equity betas depend on both the operations of the firm and its capital
structure. Companies in the same industry with similar operations may have
different equity betas if their capital structures differ. Other things equal, firms
with higher gearing will have higher equity betas. Thus, gearing must be
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controlled for when comparing equity betas across firms. This is done by
unlevering equity betas into an asset beta – a process that removes the effect that
gearing has on the equity beta to leave an estimate of the systematic risk that
reflects only the operations of the firm. That is, the asset beta is an estimate of
the firm’s equity beta if there were no debt financing.
A number of approaches have been proposed for unlevering equity betas into
asset betas. In our example below, we use the following formula:

β e + β d (1 − t )

D
E
βa =
D⎤
⎡
⎢⎣1 + (1 − t ) E ⎥⎦
where βa is the asset beta, βe is the equity beta, βd is the debt beta (the systematic
risk of lending money to the firm), E and D are the market values of equity and
debt capital respectively, and t is the relevant corporate tax rate. For the purposes
of this analysis, the debt beta for each company is assumed to be 0, although
alternative assumptions do not change the tenor of the example. Consequently,
the formula becomes:

βa =

βe
D⎤
⎡
⎢⎣1 + (1 − t ) E ⎥⎦

We use this formula to unlever the equity betas of Australian forestry companies,
as an illustrative example, and present the resulting asset betas in Figure 4. The
equity betas are taken from the CRIF database from the 4th quarter 2003, and are
based on four years of monthly data. The figure shows that asset betas within the
forestry industry range from 0.2 to almost 5 – this is after controlling for
differences in systematic risk that may arise from the firms having different
capital structures.3

3

When comparing beta estimates across firms, it is necessary to remove the effects of gearing so that a likewith-like comparison can be made; hence our use of the unlevering formula for this figure. In most
of our analysis, we do not compare equity beta estimates across firms, but rather compare the ability
of different equity beta estimates to explain future returns. This does not require unlevering – it is
the performance of equity beta estimates that is examined rather than the estimates themselves.
Thus, we examine equity betas directly, except where explicitly noted. Figure 4 examines asset betas
simply to make the point that systematic risk can vary considerably across firms within an industry
for reasons other than different gearing.
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Asset Betas of Forestry Companies
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Figure 4: Asset betas for the 4th quarter 2003 for a selected sample of companies within the
forestry industry.

Although these firms are in the same industry group and we have controlled for
differences in gearing, there is clearly substantial cross-sectional variation in the
estimates. Using an industry beta usually involves replacing each firm’s individual
beta estimate with the mean or median beta of the firms within the industry.
This industry-level asset beta can then be re-geared to an equity beta using the
particular firm’s actual gearing (reverse application of the unlevering formula
above).
The use of an industry beta is likely to be particularly beneficial if there is
substantial cross-sectional variation in the estimated betas among the firms in
that industry – and if that variation is due to estimation error. The alternative
reason for this cross-sectional variation is that betas are estimated accurately and
that the firms in the industry (or set of comparable firms) really do have
dramatically different levels of systematic risk. In this case, we would need to
review our procedures for defining industries or choosing sets of comparable
firms or abandon the use of the CAPM altogether. We return to this point in
subsequent sections.
That is, there are two possible explanations for these differences in asset betas.
First, it is possible that these businesses have different levels of true systematic
risk. While this is possible, it is unlikely that firms within the same industry would
have differences in systematic business risk of the magnitude observed above. An
alternative explanation, which probably accounts for much of the above
variation, is the presence of measurement error. If these differences in observed
asset betas are attributable to measurement error, an industry beta would be
expected to outperform a series of firm-specific beta estimates. However, the
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success of the industry beta is obviously limited in circumstances where the firms
within the industry have different true levels of systematic risk. Nonetheless, our
point here is that if we believe that at least some of the observed differences in
asset betas is attributable to measurement error, then the usefulness of an
industry beta is worthwhile investigating – we simply take Figure 4 (and the
possibility that the observed variation in beta estimates is partially caused by
measurement error) as motivation for adding industry betas to the list of beta
estimation techniques to be examined in terms of their empirical performance in
explaining future equity returns.

2.3

BLUME-ADJUSTED BETAS

It is generally accepted that estimated equity betas exhibit mean reversion over
time. This phenomenon was first identified by Blume (1971) who found that
adjusting estimated equity betas toward unity improved their ability to forecast
subsequent period stock returns.
Several possible explanations have been proposed as to why estimated betas
exhibit mean reversion. One explanation is that the movement in estimated betas
toward unity over time reflects conscious decisions by management to keep the
risk level of the firm around the average for the market. As firms grow, they take
on more new investments. If managers consciously choose new projects to
diversify, the aggregate firm’s beta will tend toward unity. Even if this choice is
not deliberate, firms with extremely high or low betas are unlikely to be able to
continue to source new projects with such extreme systematic risk, such that
reversion toward unity is almost inevitable as a firm grows. Moreover, firms with
very low systematic risk are likely to be able to support more debt financing.
This higher gearing will tend to increase the firm’s equity beta toward unity. The
converse applies to firms with very high systematic risk.
An alternative, and perhaps more intuitive, explanation is that beta estimates may
regress toward unity even though true betas are perfectly stable. The fact that
beta estimates are potentially contaminated by significant measurement error is
well accepted. A very low beta estimate is more likely to be contaminated by
negative measurement error and a high beta estimate is more likely to be
contaminated by positive measurement error. If measurement error is random
(or at least non-persistent) over time, this would manifest itself as beta estimates
regressing toward unity over time even if true betas are constant. That is, Blumetype adjustments can be interpreted in the context of measurement error rather
than any conscious decision undertaken to move the firm’s true beta toward
unity.
Blume’s study provides equity betas adjusted using the following equation:

β Blume = 0.67 × β OLS + 0.33 × 1 .
This adjustment is also used by a number of high-quality data service providers
including Bloomberg, ValueLine and Merrill Lynch.
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Given the fact that it is widely accepted that betas contain measurement error,
and that the Blume adjustment can be viewed as a way to reduce such errors, and
since it is used by a number of leading data service providers, we include this
estimation technique in our empirical examinations.

2.4

THE DEFAULT BETA OR NULL HYPOTHESIS OF
UNITY

In the absence of any information regarding the systematic risk of the firm, the
best estimate of the equity beta of any stock is unity. Even where information is
available, unity may still be the best estimate of the equity beta if that information
contains substantial estimation error or is particularly imprecise. This is illustrated
in the following graphs, which show the estimated equity betas of Burns Philp
and Company and News Corporation for each quarter between the 4th quarter
1989 and the 4th quarter 2003, and a 95% confidence interval around each
estimate. Once again, each beta estimate is derived using 48 monthly
observations.

Burns Philp Beta Estim ates - 95% Confidence Interval
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Figure 5: Quarterly beta estimates for Burns Philp and Company between 1989 and 2003, and a
95% confidence interval around each estimate. The betas are estimated using 48 monthly
observations.
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New s Corporation Beta Estim ates - 95% Confidence Interval
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Figure 6: Quarterly beta estimates for News Corporation between 1989 and 2003, and a 95%
confidence interval around each estimate. The betas are estimated using 48 monthly observations.

The charts clearly demonstrate that equity betas derived using OLS applied to 48
months of data are estimated with a high degree of imprecision. This is evident
from the size of the confidence intervals around many of the beta estimates. For
example, for almost all the estimates of equity beta for Burns Philp, the
hypothesis that the true beta is equal to unity cannot be rejected. However, the
equity beta point estimate fluctuates between -0.5 and 1.5. Similarly, for many of
the beta estimates for News Corporation, particularly between 1995 and 2002,
the hypothesis that the true beta is equal to unity cannot be rejected. However,
over this period, the point estimate ranges from 0.6 and 2.2. In these
circumstances, it may be more sensible to assume a beta of unity each period,
than to alter the estimated beta each period on the basis of a very imprecise point
estimate.
The use of a beta of unity for all firms is also supported by several academic
papers. Brown and Warner (1980), in evaluating different event study
methodologies, compare two methods of estimating expected returns: one using
individually estimated betas, and the other assuming that all stock betas are equal
to unity. They conclude that the market-adjusted returns model, which assumes
all betas are equal to unity, performs as well as the method using individually
estimated betas. Further, Rosenberg and McKibben (1973) find that assuming all
betas are equal to unity substantially outperforms individual OLS betas in terms
of their ability to forecast subsequent period stock returns. However, their
analysis is performed using annual rather than monthly observations for the OLS
betas.
Consequently, the usefulness of assuming all betas are equal to unity deserves to
be examined further.
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2.5

THE REMOVAL OF OUTLYING OBSERVATIONS

Because so few data points are usually used to estimate equity betas (e.g., CRIF
betas are based on just 48 return observations) a single outlier can significantly
influence the final estimate. For example, the estimated beta for Rebel Sport in
the fourth quarter 2003 is -0.04, which is largely driven by an extreme
observation in July 2001. In that month, the return on the stock was around 66%,
due to speculation about takeover activity by Harvey Norman, which
accumulated a significant stake in the firm. This large return happened to occur
in a month where the return on the overall market fell by about 4%. The
following graph shows the observations which lead to the estimated beta of 0.04.

Rebel Sport Beta Estimate - Q4 2003
Beta = -0.040
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Figure 7: Observations included in the regression used to derive the beta estimate for Rebel Sport
in the 4th quarter 2003.

If this outlying observation is removed, the estimated equity beta increases to
0.68. Further, if, by chance, this abnormal stock return had occurred in a month
when the overall market increased (rather than decreased) by 4%, the estimated
equity beta would be 1.3. This analysis shows the extent to which individual
observations can affect the estimated beta. If the unadjusted beta of -0.04 is
taken to be the best estimate of systematic risk, the implicit assumption is that
takeover activity, which is the key driver of this extreme value, is going to occur
on average once every 4 years. Further, using this estimate also assumes that
when the takeover activity occurs, it will coincide with a strong negative return
for the overall market. This is unlikely to be the case, and therefore, an adjusted
beta which removes the outlying observation is more likely to reflect the true
systematic risk of shares in the company.
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Another example of an outlier exerting a significant influence is in the estimated
equity beta of Aristocrat in the 4th quarter 2003. The outlying observation occurs
in February 2003, when the company announced that it had suffered large losses
from a failed transaction in South America. This led to a -90% return on the
stock for the month, and coincided with a -5.5% return on the overall market.
Consequently, the observed equity beta is 2.46. The graph below shows the data
leading to this high estimated beta.

Aristocrat Beta Estimate - Q4 2003
Beta = 2.464
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Figure 8: Observations included in the regression used to derive the beta estimate for Aristocrat
in the 4th quarter 2003.

If this outlying observation is removed, the estimated beta falls to about 1.25.
Once again, if we adopt the unadjusted beta estimate going forward, we are
assuming that this type of extreme observation (an extreme negative stock return
coupled with a large negative market return) will occur, on average, once every
four years. As this is unlikely to be the case, a more appropriate measure of
equity beta may be one that adjusts for this type of outlier.
It is important to note that not all extreme observations have a substantial impact
on the estimated equity beta. In Figure 8 there are two other large negative return
observations for the stock, which occur in months where the overall return to the
market was close to zero. If these two observations are removed, the beta rises
from 2.46 to 2.49. Therefore, the observations which are important in terms of
the equity beta estimate are those where an extreme stock return observation is
coupled with a relatively large positive or negative market return.
This analysis suggests that outliers can significantly impact beta estimates. If these
outlying observations represent events which are likely to recur in the future at
regular intervals, then they are valid observations and ought to be included in the
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regression. However, if, as in the two examples displayed above, they relate to
one-off events which relate to firm-specific risk factors rather than systematic
risk factors, they ought to be excluded from the regression. An estimation
methodology which excludes these outlying observations may be better able to
forecast subsequent period stock returns compared to the standard estimation
methodology which ignores the potential impact of outliers.

2.6

THE REMOVAL OF UNUSUAL MARKET EVENTS

An extension of outlier-adjusted beta estimates is to estimate equity betas after
removing a whole series of contaminated observations that occur consecutively.
The underlying assumption of the standard OLS approach to estimating betas is
that the historical relationship between the asset and the market is indeed a valid
representation of the expected future relationship. While this may be a
reasonable assumption in many cases, there are some situations where unusual
trading within the historical estimation period is unlikely to be indicative of
future activity. In these circumstances, the historical data may not accurately
reflect the likely future relationship between the asset and the market, leading to
the potential mis-estimation of the forward-looking equity beta.
For example, there may be an extended period of unusual market activity in
which a given stock or industry experiences unusually high or low correlation
with market returns. One possible example of such a period is the late 1990s and
early 2000s, when many of the world’s major stock markets experienced a
substantial rise in the number and value of technology-related stocks, and with it
an increase in the value of the market as a whole. This growth period was
followed by a substantial fall in the value of both the overall market and the
technology sector in particular. In parallel with the rise in value of technologyrelated stocks, the value of more defensive assets such as utilities fell (in relative
terms) as a result of changing investor preferences away from these assets
towards the growing technology sector.
These more defensive stocks
subsequently experienced a rise in value (relatively) as the prices of technology
stocks fell, and investors returned.
The result of utility stocks moving contrary to general movements in the market
as a whole is substantially lower equity beta estimates. This is not due to any
change in the operations of utilities, but rather a large swing in the value of stocks
in other market sectors. Whether data from this period should be included when
estimating equity betas depends on how representative it might be of the future
relationship between stock and market returns. If a technology boom-bust cycle
is expected to repeat in perpetuity, the data from the recent period should be
included. If it is not, superior forward-looking beta estimates might e obtained
by eliminating data from this period. Annema and Goedhart (2003) investigate
this phenomenon and note:

“Sharp recent declines in telecom, media and technology valuations
suggest that the past three to five years were truly extraordinary… But
in assessing future values for betas, most practitioners look to the
equity returns of the recent past – and the most recent three to five-year
averages and correlations of returns to shareholders are of course quite
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extreme. By excluding the bubble years entirely, it is possible to
calculate betas that are more consistent with the long-term historical
results and indicate more accurately the relative risk borne by
companies in other sectors. In the absence of such a correction, data
drawn from the bubble years may generate artificially low betas for the
next couple of years.”
Although the Australian market did not experience the substantial rise and fall
seen by many other share markets over the technology boom and bust period,
there were significant impacts on particular sectors within the Australian market.
While the behaviour of the market as a whole over this period was largely
unexceptional, there were substantial differences in the relative performance of
different sectors. Utilities stocks experienced a relative decrease in value as
investors moved towards technology stocks in the growth period, and then
experienced substantial increases in value as the technology stocks declined and
the market as a whole remained essentially unchanged. These movements in
utility stock values have the effect of decreasing estimates of their equity beta
because their returns over this period were less correlated with returns to the
market as a whole, relative to the correlation prior to the technology boom and
bust period.
The following chart demonstrates this phenomenon by comparing the stock
price of a utility company (AGL) with that of a telecommunications company
(PowerTel) from mid-1996 to the present. AGL is a gas and electricity retail and
distribution company, with power generation and energy processing
infrastructure and a market capitalisation of around $6,600m. PowerTel is a
telecommunications infrastructure and service provider with market capitalisation
of around $160m. The ASX200 index is also included for comparative purposes.
Each price series is rebased to 1 at the start of the sample period.
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Figure 9: Comparison of the Performance of Utility and Technology Stocks During the
Technology Bubble
Figure 9: Comparison of the Performance of Utility and Technology Stocks During the
Technology Bubble

Current 4-year beta estimates for Australian firms include the effect of the
technology boom and bust period within the estimation period. Given the
discussion of the effects of this unusual trading period on beta estimates, there is
at least some basis for questioning whether estimating beta using this data
actually delivers an unbiased estimate of the expected future equity beta.
Annema and Goedhart (2003) suggest that equity betas should be computed
using data that excludes the period from mid-1999 until the end of 2001.
Eliminating these observations from the estimation window removes the effect
of the most unusual trading, and may provide more representative estimates of
the expected future equity beta, given that market events over this period are
considered extraordinary and unlikely to be repeated.
However, there are two problems with the general application of this approach.
First, the “unusual” period cannot be identified until after the event and even
then the start and end dates are selected somewhat arbitrarily. Second, when
estimating equity betas during the unusual period, it may make sense to use the
recent data. For example, if one were estimating the equity beta for a utility in
mid-2001 to be used for a short-term purpose over the second half of 2001, it
turns out that a very low estimate based on the recent unusual data would have
provided the best forecast. That is, if the forecast period is still within the
“bubble” then data from the bubble period should be preferred. Conversely, if
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the forecast period is post-bubble using data from the bubble period is likely to
mislead.
In this paper, our focus is on using equity beta estimates to determine the longrun cost of equity capital. For this reason a longer-term forecast period is
relevant and it is likely that we would want to exclude “unusual” data from our
analysis. In subsequent sections we examine some techniques for identifying and
removing unusual data in ways that can be applied generally and without the
arbitrariness of identifying bubbles and other unusual periods ex-post.
At this stage, we simply note that the discussion above suggests that it may be
worthwhile to examine methods that remove unusual data periods from our
estimates of equity beta. Ultimately, whether such methods are favoured
depends on their empirical performance relative to other estimation methods.
Although the Australian market did not

3 How the ‘Best’ Estimation Method is
Determined
Numerous studies evaluate the relative performance of different beta estimation
methods. For example, during the 1970’s and 1980’s, a number of papers
examined whether accounting data could be incorporated into equity beta
estimation methodologies to improve their performance. The most common
technique which these studies use to evaluate beta estimates is to examine their
ability to forecast subsequent period beta estimates, where the subsequent period
beta estimates are based on the standard OLS regression approach.
However, Rosenberg and McKibben (1973) note that a significant problem with
this approach is that it implicitly assumes that the beta estimate in the subsequent
period, which is estimated via OLS, is a true measure of systematic risk. This is
clearly an inappropriate assumption, given the estimation errors known to exist in
these estimated betas.
Indeed, if OLS beta estimates are an accurate reflection of true systematic risk in
a subsequent period, the same must apply to beta estimates from the current
period, in which case the different estimation techniques being examined are
irrelevant. Of course, our analysis above demonstrates that OLS beta estimates
are statistically imprecise and likely to be estimated with substantial measurement
error. Therefore an approach that ranks beta estimation techniques on their
ability to forecast future OLS beta estimates does not determine the best
technique for estimating equity betas for use in the CAPM to compute the cost
of equity capital, but rather selects the technique that is best at forecasting a poor
estimate (which is of little practical use).
Instead, Rosenberg and McKibben (1973) argue that a useful estimate of
systematic risk is one that provides information about future security returns,
rather than future mis-estimated betas. Indeed this is the purpose for which
equity beta estimates are used – they are inserted into the CAPM to estimate the
expected return on equity. Consequently, the optimal beta estimate for this
purpose is that which best explains equity returns when used in the CAPM.
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Regardless of whatever theoretical and conceptual arguments might be made
about beta estimation techniques, we should use that which performs best in the
purpose for which it is to be used.
In this regard, Rosenberg and McKibben (1973) develop a framework in which
equity betas are estimated and assessed in terms of their relationship with security
returns, rather than with future OLS beta (mis)estimates. In particular, the
usefulness of betas estimated using different methodologies is evaluated through
an examination of their ability to forecast future period stock returns (conditional
on future market returns). The forecasting model adopted is based on the CAPM
because this is how equity beta estimates are used in practice. Our goal is to
determine which beta estimate, when used in the CAPM, provides the best
estimate of the cost of equity capital. Therefore, beta estimation techniques
should be tested within this CAPM framework. It should be noted that the
purpose of this paper is not to find the best method to forecast future security
returns. Rather, our goal is to find the best method for estimating the cost of
equity capital. Our metrics for evaluating alternative techniques are therefore
designed with this specific purpose in mind. In this sense, we seek to determine
which technique provides the best estimate of beta in the context of using CAPM
to determine the expected future return for a stock. The ‘best estimate’ is judged
by comparing the expected future return, using the particular beta estimate in the
CAPM, to the actual return in the forecast period.
Each beta estimate is estimated using monthly stock returns, and re-estimated
each quarter. The forecast ability is then assessed using stock and market returns
over a subsequent period. We examine forecast periods of 3 months, 1, 2, and 5
years. The estimated return for a firm in a particular period is as follows:
Rˆ ikt +1 = R ft + β ikt (Rmt +1 − R ft )
where
Rˆ ikt +1 = the estimated return on stock i using beta k in the forecast
period t+1.

β itk = the estimated beta for stock i using estimation method k during
period t.
It can be seen from the above equation the beta used is taken from the quarter
immediately preceding the forecast period. Therefore, all of the information used
to estimate each beta is available prior to the forecast period.
The market index returns used is the realised return in the forecast period. The
risk-free rate is taken from the end of the period prior to the forecast period,
such that it represents the risk-free rate that could have been locked in for the
duration of the forecast period. Consequently, the forecast stock return is
conditional on the market and risk-free returns. This is consistent with the role of
beta in the CAPM, which provides the expected stock return given the market
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and risk-free returns. This is also consistent with the forecasting model employed
by Rosenberg and McKibben (1973).
The forecast returns generated by each beta estimate are then compared to the
actual stock returns through a calculation of a number of error metrics: mean
square error (MSE) and the percentage of wins. Squared errors are examined
rather than absolute errors, as there is reason to believe that the loss function is
non-linear. That is, squared errors are appropriate where the cost of forecast
errors increases exponentially with the size of the error. This is likely to be the
case with estimated betas, given that large beta estimation errors can lead to large
errors in valuations, substantially inappropriate resource allocation within an
investment portfolio, and incorrect decision making regarding project adoption.
The mean square error is defined as:

∑ (Rˆ
N

MAE β ikt =

i =1

ikt +1

− Rikt +1

)

2

N

where N is the number of observations of forecast and actual returns.
The percentage of wins calculates the number of times that one beta estimation
method derives a more accurate forecast return than another. For example, if
there are 1,000 total observations, and a Blume-adjusted beta produces a forecast
return closer to the realised return than the OLS beta estimate for 610 of these
observations, the percentage of wins figures for the Blume and OLS betas would
be 61% and 39% respectively.
This percentage of wins figure is then used to determine whether any differences
observed in the forecast errors are significant. This is done using a binomial test
of the equality of two proportions. The percentage of wins forms the sample
statistic, and is compared to an expected value of 50%, which is the expected
percentage of wins if two beta estimation methods are equivalent. If the sample
size is large, as is the case in this study, then the standard normal distribution can
be used. The test statistic, which is a z-score, is calculated as follows:

z=

pˆ − p

p(1 − p )
N

where

p̂ = the sample proportion, in this case the percentage of time that one
method returns a lower absolute forecast error than another.

p = the population or expected value proportion, in this case 0.5, to test
whether the betas are significantly different.
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The z-score is then compared to the standard normal distribution to obtain a pvalue, which gives the probability of the sample result being obtained if the two
methods are in fact equivalent.
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4 Empirical Methods and Results
The sample employed in the empirical analysis includes Australian companies
listed on the ASX which have sufficient data in the CRIF monthly share price
database. The final sample used to compare betas estimated using different
methods is created as follows. Four-year betas are calculated for all companies
for every quarter between the 4th quarter 1983 and the 4th quarter 2003. The betas
are calculated using monthly returns, and are re-estimated each quarter.
The betas are calculated using an OLS estimation of the market model, defined
below:

Rit − R ft = α i + β i ( Rmt − R ft ) + ε it
where Rit is the monthly return on the stock, assuming continuously
compounded returns, R ft is the yield on an Australian Government 10-year
Treasury Bond and Rmt is the monthly return on the CRIF value weighted
market index. The estimated beta is the parameter β i .
A beta is only calculated if the company has all of the 48 monthly return
observations required for each regression. This data restriction differs from that
used by some data providers, such as CRIF, which only requires a company to
have 24 out of 48 observations to be included in the database. As a result, the
precision of the standard betas used in this study is likely to be higher, on
average, than those contained in the CRIF database. Consequently, the relative
performance of the CRIF betas is likely to be worse than the performance of the
OLS betas reported in this study.4
This process is then repeated for betas using 5, 6, 7, 8, 9 and 10 years of monthly
observations. The first observation in the CRIF database is in January 1980 and
the first quarter in which a beta can be calculated shifts forward one year with
each increase in the estimation period. Therefore, for the 5-year betas, the first
quarter for which betas are calculated is the 4th quarter 1984. The sample
employed for any one comparison is then limited by the method in the
comparison which has the greatest data requirements. For example, if a 4-year
and 5-year beta are being compared, the sample is limited to company-quarters
which have both a 4- and 5-year beta, which effectively limits the sample to those
which have a 5-year beta. The performance of the two methods being compared
is then evaluated by using the estimated betas to forecast the next quarter’s stock
return.5 The method which produces forecast stock returns closest to actual stock
returns is superior.

4

We are currently analysing the results when this restriction is relaxed, so that a company need only have
data available in 75% of the estimation months to be included in the sample.

5

We are currently analysing the results when the forecast period is extended to 1, 2, and 5 years.

Empirical Methods and Results

23 | May 2005 |

4.1

OPTIMAL ESTIMATION PERIOD

4.1.1 Methodology
In order to establish the optimal length of time to consider in equity beta
estimation, estimates using 4, 5, 6, 7, 8, 9 and 10 years of monthly observations
are compared. Each beta estimate is then used to forecast returns in the
subsequent quarter, and the forecast performance of betas computed with the
different estimation periods is compared.

4.1.2 Findings
Table 1 shows the pairwise comparisons among all estimation periods between 4
and 10 years. The top right portion of the table displays the winner of each
comparison based on the mean square error for each method. In the bottom left
portion of the table, the winning method based on the percentage of wins and
losses is reported. In this section of the table, significance at a 10% level is shown
with one asterisk, at a 5% level with two asterisks, and significance at a 1% level
is shown with three asterisks.
Table 1: Pairwise comparisons of different estimation periods

4
4

5

6

7

8

9

10

Notes

5

6

7

8

9

10

6

7

8

9

10

7

6

9

6

7

7

7

No cases
where 4or 5-yr
estimates
have
lower
MSE

9

8

5

5***

6

6***

6***

7

7***

7**

7*

8

8*

8

6

8

9

9***

9**

9

9

8

10

10

10*

10*

10

8

Notes

9
9

No cases where 4- or 5-yr estimates have a higher
proportion of better returns predictions and are generally
significantly worse returns forecasters
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The most important results in Table 1 are those relating to the performance of
the beta estimates based on 4- and 5-year estimation windows. The top right
portion of the table indicates that estimation periods longer than 5 years all
produce estimates with a lower mean square error around forecast stock returns
compared to estimates based on either 4 or 5 years. Further, the results in the
bottom left part of the table show that each of these longer estimation periods,
significantly outperforms each of the 4- and 5-year estimates based on the
number of wins and losses, except for the 10-year relative to the 4-year beta
estimate, and the 8-year relative to the 5-year beta estimate.
The remainder of the results show that there is little difference in the
performance of beta once the estimation period is longer than 5 years. Betas
estimated using 7 and 10 years significantly outperform those estimated using 6
years of data. A beta based on 7 years returns the lowest mean square forecast
error, and betas based on 8 and 9 years have the most number of wins relative to
the other methods. However, the results in the bottom left of the table show that
there is no significant difference amongst the performance of these betas
estimated over a period longer than 6 years.
Table 2 presents a subset of the above comparisons, which helps to summarise
those results. The first comparison examined is that between the shortest two
periods, 4 and 5 years. The winner of that pair is then compared to the 6 year
beta and so on in an iterative fashion. The winner column refers to the method
which produced the highest number of wins, as opposed to the lowest mean
square error.
Table 2: Optimal estimation period

Model 1

MSE

Model 2

MSE

Winner

No of
obs

% wins

P value

4 years

0.0897

5 years

0.0890

5 years

32,574

50.68

0.007

5 years

0.0878

6 years

0.0875

6 years

26,858

50.73

0.008

6 years

0.0835

7 years

0.0833

7 years

21,991

50.45

0.092

7 years

0.0798

8 years

0.0800

8 years

17,849

50.07

0.429

8 years

0.0787

9 years

0.0787

8 years

14,398

50.06

0.440

8 years

0.0730

10 years

0.0730

8 years

11,583

50.11

0.408

These results once again show that an estimation window longer than 4 or 5
years provides beta estimates which are better able to forecast future period stock
returns. That is, a beta estimate based on 5 years of data significantly beats one
using 4 years, and a beta estimated using 6 years significantly outperforms the
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beta of 5 years. This table also shows that there is evidence to suggest that a 6
year estimation period is not long enough, with the 7 year beta significantly
beating the 6 year beta at the 10 percent level. The 8 year beta outperforms the 7
year beta, although the difference is not significant, and the 7 year beta produces
a lower mean square forecast error. The final two comparisons show 8 years to
be the optimal estimation window, although there is no significant difference
between betas estimated over 7, 8, 9, 10 years.
From this analysis, it can be concluded that the optimal estimation window to be
used in OLS equity beta estimation is longer than 4, 5 or 6 years. Using a longer
time series of data improves the performance of equity beta estimates relative to
the 4- or 5-year OLS equity beta estimates that are produced by some data
services.

4.2

BLUME BETA

4.2.1 Methodology
For each estimation period outlined above, the OLS beta is compared to a
Blume-adjusted beta which is estimated as:

β Blume = 0.67 × β OLS + 0.33 × 1 .
We then compare the relative ability of the Blume-adjusted and OLS beta
estimates to predict future period stock returns using the CAPM.

4.2.2 Findings
The forecast performance of the OLS and Blume-adjusted betas over varying
lengths of time are shown below in Table 3.
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Table 3: Performance of the Blume betas relative to the standard OLS
betas

Estimation Model 1
period

MSE

Model
2

MSE

Winner

No of
obs

%
wins

P
value
<0.001

4 years

OLS

0.0908

Blume

0.0895

Blume

39,454

52.71

5 years

OLS

0.0890

Blume

0.0881

Blume

32,574

52.73 <0.001

6 years

OLS

0.0875

Blume

0.0867

Blume

26,858

52.27 <0.001

7 years

OLS

0.0833

Blume

0.0829

Blume

21,991

51.94 <0.001

8 years

OLS

0.0800

Blume

0.0798

Blume

17,849

52.42 <0.001

9 years

OLS

0.0787

Blume

0.0785

Blume

14,398

51.90 <0.001

10 years

OLS

0.0730

Blume

0.0728

Blume

11,583

51.84 <0.001

These results clearly suggest that for betas estimated over any length of time
between 4 and 10 years, a Blume adjustment significantly improves the forecast
performance of the beta estimate. This is shown by the fact that for any length of
time, the Blume beta significantly outperforms the standard estimate at better
than a 1 percent level of significance. The Blume betas also consistently produce
a lower mean square forecast error relative to the standard beta.
Further, the percentage wins column shows that the relative success of the Blume
beta reduces as the length of the estimation window increases. Consequently, a
Blume adjustment is of greater importance for betas estimated over a short time
period, such as 4 or 5 years, compared to one estimated over a longer period.
There is clear empirical evidence that Blume-adjusted equity beta estimates
perform better when used in the CAPM to estimate the cost of equity capital.

4.3

THE DEFAULT BETA OR NULL HYPOTHESIS OF
UNITY

4.3.1 Methodology
The forecast performance of both the OLS and Blume-adjusted beta estimates
are then compared to a third method whereby the betas for all companies across
all quarters are assumed to be equal to the market-wide average beta of unity.

4.3.2 Findings
Table 4 shows the relative forecast performance of the standard OLS betas
compared to an assumption that all betas are equal to unity.
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Table 4: Performance of the standard OLS beta relative to assuming beta
equals unity
Estimation Model 1
period

MSE

Model
2

MSE

Winner

No of
obs

%
wins

P
value

4 years

OLS

0.0908

β =1

0.0896

β =1

39,454

50.47

0.032

5 years

OLS

0.0890

β =1

0.0885

β =1

32,574

50.70

0.006

6 years

OLS

0.0875

β =1

0.0874

β =1

26,858

50.27

0.186

7 years

OLS

0.0833

β =1

0.0841

OLS

21,991

50.05

0.438

8 years

OLS

0.0800

β =1

0.0800

β =1

17,849

50.76

0.021

9 years

OLS

0.0787

β =1

0.0788

β =1

14,398

50.14

0.369

10 years

OLS

0.0730

β =1

0.0731

β =1

11,583

50.18

0.352

The table shows that assuming a beta of unity for all companies across each
quarter (‘beta equals unity’ method) significantly outperforms the individual
company estimate of beta using estimation periods of 4, 5 and 8 years. In the case
of the 4 and 5 year betas, the beta equals unity method also provides a lower
mean square forecast error compared to the OLS beta estimates. However, for
OLS betas estimated using 6 and 8 years, the mean square error is lower than that
for the beta equals unity method.
For betas estimated over a 9 or 10 year period, the beta equals unity method has
a greater percentage of wins, but the difference is not significant. However, the
mean square errors are slightly lower for the OLS betas.
The only OLS beta estimate that provides a high percentage of wins than the
beta equals unity method is the 7 year beta, although the difference in
performance is not significant. The 7 year beta also produces a lower mean
square forecast error.
From this analysis, it can be concluded that, on average, unless the OLS beta is
calculated over a period of 7 years, it is better to adopt a beta of unity rather than
a standard beta. That is, the empirical performance of the CAPM is superior
when simply assuming that all firms have an equity beta of unity than when 4year OLS beta estimates are used for individual firms.
The beta equals unity model is also compared to the Blume betas over each of
the estimation periods. The results of this analysis are presented in Table 5.
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Table 5: Performance of the Blume beta relative to assuming beta equals
unity

Estimation
period

Model
1

MSE

Model
2

MSE

Winner

No of
obs

%
wins

P
value

4 years

Blume

0.0895

β =1

0.0896

Blume

39,454

50.59

0.010

5 years

Blume

0.0881

β =1

0.0885

Blume

32,574

50.21

0.226

6 years

Blume

0.0867

β =1

0.0874

Blume

26,858

50.68

0.013

7 years

Blume

0.0829

β =1

0.0841

Blume

21,991

51.05 <0.001

8 years

Blume

0.0798

β =1

0.0800

Blume

17,849

50.01

0.485

9 years

Blume

0.0785

β =1

0.0788

Blume

14,398

50.64

0.063

10 years

Blume

0.0728

β =1

0.0731

Blume

11,583

50.65

0.080

The results of this analysis suggest that for longer time periods, a Blume-adjusted
beta can significantly outperform the assumption that all betas equal unity. The
results from the 5- and 8-year betas show that although the Blume betas provide
lower forecast errors, the differences in performance, as gauged by the
percentage of wins, is not statistically significant. However, for betas estimated
over 4, 6, and 7 years, the Blume beta significantly outperforms the beta equals
unity method at the 5 percent level of significance. In the case of the 9- and 10year betas, the Blume beta significantly outperforms the beta equals unity method
at the 10 percent level.
A comparison is also carried out on the performance of the Blume betas over
varying lengths of time. A Blume beta estimated over 6 or 7 years is found to
significantly outperform a Blume beta estimated over 4 or 5 years. Once again,
there is no significant difference in the performance of Blume betas estimated
over a period greater than 5 years.
From the analysis conducted to this point, it can be concluded that on average,
assuming that any company’s beta is equal to unity is more useful than using
market data over 4 or 5 years to generate a company specific estimate, even if a
Blume adjustment is applied. The analysis also suggests that if a longer series of
data is available, then a Blume adjusted beta estimated over 7 years provides the
most useful beta estimate, in terms of its ability to forecast stock returns.
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4.4

INDUSTRY BETA

4.4.1 Methodology
Next, we compare the performance of OLS and Blume-adjusted beta estimates
and a beta of unity with the performance of industry betas. Under the industry
beta method, each firm within an industry group is assumed to have the same
beta in any given time period. Industry betas are calculated each period by taking
the median unadjusted 4 year and 7 year beta estimates of all firms within each
industry category each quarter. The 4 year beta is examined because it is the most
commonly adopted beta estimate in practice. The 7 year beta is also considered
as it is found to be the best performer thus far.
For the period prior to and including 2nd quarter 2002, there were 39 different
industry groups within the CRIF dataset. Therefore, each quarter, 39 industry
betas are calculated, each by taking the median beta across the sample of firms in
the industry. For the period including and following 4th quarter 2002, the number
of industries is reduced to 31. Note that the 3rd quarter 2002 is excluded from
this analysis, as it represented a transition period in the industry classification
system which involved 109 different industry groups. As this is clearly too many
to conduct any reasonable analysis, this quarter is excluded.
The estimated industry beta then becomes the beta estimate for all firms within
that industry group for that period (i.e. it replaces the individual beta estimate for
the company). Consequently, in any one period, all companies within an industry
group are given the same beta.
These betas are then used to estimate subsequent period stock returns for each
company, and the results compared with an OLS 4- and 7-year beta, a beta of
unity and a Blume-adjusted 4- and 7-year beta. The 4-year industry and 7 -year
industry betas are also compared.
Note that the sample for both the 4-year comparison and the 7-year comparison
are lower than those presented above. This reflects the fact that the 3rd quarter
2002 is excluded, for reasons given above.

4.4.2 Findings
The results of the comparisons between the industry beta, the OLS beta, the
Blume beta and the beta of unity are presented in Table 6 below.

Table 6: Performance of the Industry beta relative to other betas

Model 1

MSE

Model 2

MSE

Winner

No of
Obs

%
wins

P
value

Industry

0.0902

OLS

0.0914

Industry

38,818 50.76

0.001
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(4yr)

(4yr)
Blume

(4yr)

Industry
(4yr)

0.0902

0.0901

38,818 50.56

0.014

Industry
(4yr)

0.0902

β =1

0.0902

Industry
(4yr)

38,818 50.46

0.035

Industry
(7yr)

0.0839

OLS

0.0839

Industry
(7yr)

21,531 50.15

0.333

Industry
(7yr)

0.0839

0.0835

Blume

21,531 50.93

0.003

Industry
(7yr)

0.0839

β =1

0.0847

Industry
(7yr)

21,531 50.34

0.158

Industry
(4yr)

0.0845

Industry
(7yr)

0.0839

Industry
(7yr)

21,531 52.05 <0.001

(4yr)

(4yr)

(7yr)
Blume

Blume

(7yr)

(7yr)

The results in the table show that, for the 4-year estimates, the industry beta
outperforms the OLS estimate based on both the MSE and the number of win
and losses. The table also shows that the outperformance based on the
percentage of wins is significant at better than the 1% level. The 4-year industry
beta also significantly outperforms the beta equals unity method. However, the 4year Blume beta provides lower mean square forecast errors, and has a
significantly greater number of winning observations compared to the 4-year
industry beta.
The performance of the 7-year industry beta relative to the other methods is not
as strong. While it outperforms the OLS 7-year beta and the beta equals unity
method, the difference in terms of percentage of wins is not significant. The 7year Blume beta significantly outperforms the 7-year industry beta.
The final comparison shows that the 7-year industry beta significantly
outperforms the 4-year industry beta. This final comparison indicates that the
poorer performance of the 7-year industry beta relative to other methods
compared to the 4-year industry beta is probably due to the differences in the
samples. That is, companies which are included in the 4-year sample but excluded
from the 7-year sample are likely to be smaller and less stable. This suggests that
the importance of pooling beta estimates to reduce estimation errors is more
important for these small unstable companies than for larger stable firms.
Further analysis could also be conducted on examining the performance of an
industry beta formulated using a median or mean Blume beta for the industry,
rather than simply the standard OLS estimate.
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From the analysis carried out thus far, we conclude that there is evidence to
support the conjecture that an industry beta is superior to firm-specific OLS beta
estimates. Once again, the evidence suggests that longer periods of data should
be used to formulate the best industry betas.

4.5

OUTLIER-ADJUSTED BETA ESTIMATES

In section 2, we provide examples of the extreme impact that outliers can have
on beta estimates and are in the process of evaluating alternative techniques for
minimising their impact. One alternative is to use a weighted least squares
estimation technique, in which less weight is placed on extreme observations
under the assumption that these have lower probability of being realised in the
future. Another technique is to remove extreme observations from the analysis
altogether and perform an OLS regression on less than a full set of observations
for the returns window.
We begin an analysis of outlier resistant betas with a relatively simple technique.
Using betas estimated over a 4 and 7 year period, we exclude observations which
have a residual greater than some critical value, and re-compute the beta. The
purpose of this process is to identify and exclude observations which are a long
distance away from the ‘line of best fit’. The critical values are chosen such that
observations in the outer 5 and 10 percent of a normal distribution are excluded.
To exclude the outer 5 precent, the critical value chosen is 1.96 times the
standard deviation of all residuals. Therefore, observations where the absolute
value of the residual is greater than 1.96 times the standard deviation of all
residuals are excluded. For a 10 percent cut-off, observations where the absolute
value of the residual is greater than 1.65 times the standard deviation of all
residuals are excluded. It should be noted that more formal methods can be
adopted to identify outliers, such as the use of Cook’s distance (Cook, 1977).
This technique will be examined in future work to be carried out on the removal
of outliers.
The results of a comparison between the outlier-adjusted betas using 5 and 10
percent critical values, an OLS beta, a Blume beta and the beta equals unity
method are provided for the 4-year and 7-year betas, in Tables 7 and 8
respectively.
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Table 7: Performance of the Outlier-adjusted 4 year beta relative to other
betas

Model 1

MSE

Model 2

MSE

Winner

No of
Obs

Outlier
adjusted –
5%

0.0905

OLS

0.0908

Outlier
adjusted

39,454 51.24 <0.001

Outlier
adjusted –
5%

0.0905

Blume

0.0895

Blume

39,454 50.73

0.001

Outlier
adjusted –
5%

0.0905

β =1

0.0896

β =1

39,454 50.01

0.482

Outlier
adjusted –
10%

0.0902

OLS

0.0908

Outlier
adjusted

Outlier
adjusted –
10%

0.0902

Blume

0.0895

Blume

39,454 50.36

0.076

Outlier
adjusted –
10%

0.0902

β =1

0.0896

Outlier
adjusted

39,454 50.11

0.327
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Table 8: Performance of the Outlier-adjusted 7 year beta relative to other
betas

Model 1

MSE

Model 2

MSE

Winner

No of
Obs

%
wins

P
value

Outlier
adjusted –
5%

0.0833

OLS

0.0833

Outlier
adjusted

21,991 50.87

0.005

Outlier
adjusted –
5%

0.0833

Blume

0.0829

Blume

21,991 50.37

0.136

Outlier
adjusted –
5%

0.0833

β =1

0.0841

Outlier
adjusted

21,991 50.04

0.449

Outlier
adjusted –
10%

0.0835

OLS

0.0833

Outlier
adjusted

21,991 50.89

0.004

Outlier
adjusted –
10%

0.0835

Blume

0.0829

Blume

21,991 50.31

0.178

Outlier
adjusted –
10%

0.0835

β =1

0.0841

Outlier
adjusted

21,991 50.33

0.167

The results presented in the tables show that the simple outlier adjustment
significantly improves on the standard estimate, and provides a lower mean
square forecast error. For both the 4- and 7-year beta estimates, an outlier
adjustment using a critical value of either 5 or 10 percent significantly improves
the forecast ability of the estimated beta. In most cases, the outlier-adjusted beta
beats the beta of unity, but the difference is not statistically significant. There is
also no significant difference between the outlier-adjusted 7-year beta and the
Blume-adjusted 7 year beta. However, the Blume 4-year beta significantly
outperforms the outlier-adjusted 4-year beta.
From this analysis we conclude that an outlier-adjusted beta performs
significantly better than an OLS estimate of beta. However, there is evidence to
suggest that it is inferior to a Blume-adjustment, particularly over shorter
estimation periods.
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4.6

UNUSUAL MARKET EVENTS

An extension to the outlier analysis is to mitigate the impact of entire time
periods of unusual market activity, such as share market bubbles in which
unusual returns are confined to certain industries. Alternatives for identifying
these periods include comparing a company’s equity beta estimate to its historical
moving average, examining the residuals of observations on a quarter by quarter
basis, or examining whether there is a significant increase in the dispersion of
industry betas. For example, during the technology boom, beta estimates of
technology firms increased because these firms suddenly represented a greater
proportion of the market index and the variation in their shares was particularly
high. The resulting increase in the beta estimates of technology firms coincided
with a decrease in the beta estimates of industrial firms.
In this version of the paper, we do not report a complete set results of outlierresistant estimation techniques. The large set of alternative estimation techniques
(or “weighting methods”) require considerable analysis before beta estimates are
computed and evaluated. We will report these findings at a later date. But as an
indication of the potential impact of unusual trading periods on beta estimates,
consider the following beta estimates for telecommunications and utilities firms,
compared to adjusted beta estimates that exclude the period mid-1999 to end2001.
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Table 9: Beta estimates of utilities and telecommunications firms
Beta estimate
Company

Including tech Excluding tech
boom
boom

AGL

-0.06

0.53

1.38

2.06

Energy Developments

1.45

2.13

PowerTel

2.70

0.83

Unwired Group

2.12

1.85

EzyCall International

3.26

0.72

Tele – IP

2.16

1.43

Cape Range Wireless

4.33

1.77

Telecom Corporation of
0.94
NZ

0.62

Utilities Energy
Corporation

Telcos

World

It is evident that the adjusted utility beta estimates are relatively high compared to
the betas estimated without eliminating the effect of the technology bubble. This
result is in line with expectations, because the adjusted beta eliminates a period
where utility stocks appeared to be less sensitive to movements in the market as a
whole, thereby exerting downward pressure on beta estimates. The opposite is
true when considering the effect of elimination of the technology bubble on beta
estimates for telecommunications firms. Throughout the technology boom
period, these stocks were very sensitive to movements in the market as a whole.
Therefore, expected betas are overestimated if the period is not eliminated from
the estimation window. Adjusted telecommunications beta estimates are indeed
lower than the raw estimates, suggesting that the technology boom and bust
period placed upward pressure on beta estimates so that they remain artificially
high.
This analysis suggests that failing to allow for the effects of the unusual trading
period that existed between mid-1999 and the end of 2001 may result in misestimation of the expected beta. For technology and telecommunications firms,
the effect of the unusual trading period was to place upward pressure on beta
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estimates, whilst for utilities, the period resulted in expected beta estimates that
were artificially low. Adjusted beta estimates that exclude the unusual trading
period from the estimation window therefore provide a more accurate reflection
of the true expected beta.
Now consider the impact on regulated entities. Assume that the average beta
estimates of the utilities and telecommunications firms were used to estimate the
return on equity for regulated entities in those industries. This would increase the
regulated return for telecommunications firms and decrease the regulated return
of utilities. This would encourage further investment in technology at a time of
grossly-inflated asset prices, while discouraging investment in infrastructure
during a period of sustained economic growth. Of course, this contention
assumes that the equity beta estimates in reality are the result of a statistical
aberration, but the subsequent movement of beta estimates towards unity
supports this assumption.
It should be noted that in adjusting for abnormal trading periods, the length of
the forecast period ought to be kept in mind. That is, if the forecast period is
relatively short, the removal of the abnormal trading period may actually be
detrimental to the forecast performance of the estimated beta. For example,
assume that we are half-way up the ‘boom’ part of the technology bubble. We
may be able to use some statistical technique to identify that the most recent
quarters have involved abnormal trading for the stock. If the forecast period is
relatively short, then a beta estimate which is artificially high due to abnormal
trading may outperform an outlier adjusted estimate. However, if a longer
forecast period is used, or if betas are to be used in the context of longer term
investment decisions, then the removal of abnormal trading periods is sensible,
and is likely to improve the beta estimate.
In ongoing work, we are examining other techniques for identifying and
eliminating the impact of outliers and unusual market periods.
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5 Robustness of the Results
A number of analyses are to be carried out in future work in order to examine
the robustness of the results presented above. A summary of these investigations
is provided in this section.

5.1

RESTRICTING TO A CONSTANT SAMPLE

As noted at the beginning of Section 4, the size of the sample varies depending
on the methods being evaluated. For example, Table 2 shows that the sample
used to compare a 4-year beta with a 5 year beta is 32,574, whereas the sample
employed for the comparison between an 8-year beta and a 10-year beta is
11,583. These analyses can be re-computed with a common sample for all
analyses.

5.2

INCREASING THE LENGTH OF THE FORECAST
PERIOD

It is possible that the results presented above are confined to the forecast period
chosen. That is, it is important to investigate whether these results hold if the
forecast period is extended beyond a quarter. To test this, forecast periods of 1, 2
and 5 years are examined. Preliminary analysis conducted to this point suggests
that the findings over the longer forecast period are consistent with those
outlined above. Specifically, longer estimation periods are found to outperform
shorter estimation periods, and a Blume-adjusted beta significantly outperforms
an OLS estimate. Industry betas and outlier-adjusted betas are also found to
significantly outperform OLS estimates of beta over these longer forecast
periods. Whilst this analysis is still incomplete at this stage, the results thus far
suggest that our findings in relation to the optimal estimation method persist
under varying forecast periods.

5.3

AN EXAMINATION OF THE UTILITY INDUSTRY

It is also important, in the context of regulatory price determinations, to know
whether the results found in this study are applicable to the utility industry in
particular. This allows recommendations to be made in relation to the estimation
of the cost of equity of utilities companies by regulators. In order to examine
this, a selection of the comparisons outlined above is analysed for firms in the
Utilities GICS industry group. This analysis is limited by the sample size that can
be adopted. For instance, only 3 utilities firms have sufficient observations to
generate a 10-year beta estimate in the sample period. Therefore some of the
comparisons, in particular varying the estimation period, are not feasible given
the available data. However, meaningful results can be derived for other
comparisons, such as the Blume adjustment, outlier adjustment and the industry
beta.
Preliminary results for this industry are consistent with those for the broad
market.
Equity betas estimated using longer data periods significantly
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outperform those based on only four years. Blume-adjusted betas significantly
outperform OLS estimates. Setting beta to unity outperforms OLS beta
estimates, and more so when the OLS estimates are based on shorter data
periods. The outlier-adjusted beta outperforms OLS beta estimates.

5.4

RESULTS FOR EXTREME BETAS

It may be worthwhile to investigate the relative merits of each beta estimation
method in the extremes of the sample. That is, an extreme standard beta estimate
is more likely to be contaminated with estimation error than a ‘normal’ estimate.
Therefore, the alternative beta estimation methods examined in this paper are
likely to be of greatest importance when the standard beta estimate is extreme. As
a result, the analysis carried out above could be repeated, but limiting the sample
to those company quarters in which the estimated beta is outside some arbitrary
cut-offs, such as 0.7 and 1.3. It would be expected that the success of alternative
beta estimates relative to the standard beta would be higher for these extreme
observations. Consequently, it may be the case that standard beta estimates
perform well if they are within some ‘normal’ range, but should be adjusted if
they fall outside this range.

5.5

REDUCING THE DATA RESTRICTIONS IN THE BETA
ESTIMATION

Section 4 explains that the data restrictions imposed in this study in the
calculation of betas is stricter than that used by some data providers such as
CRIF. That is, in this study, a beta is only calculated for a particular quarter if the
stock has a valid return observation in every month over the estimation period.
Therefore, when estimating a 4-year beta, company quarters are included if the
company has the previous 48 months of returns. CRIF relaxes this assumption to
allow companies to have only half of the required return observations to be
included in the database. Consequently, CRIF betas are estimated on as few as 24
return observations. As outlined in Section 4, this lower data requirement is likely
to reduce, on average, the accuracy of the beta estimates. In the context of this
study, this suggests that the relative performance of the standard betas would be
worse if the data restrictions adopted by data providers such as CRIF are
employed.
Given the widespread use of betas from data providers, it seems worthwhile to
repeat the analysis using more liberal data requirements. It would be expected
that estimates based on longer time periods, and each of the adjusted betas,
would perform better relative to the standard estimate in this scenario.

5.6

OTHER ERROR METRICS AND FURTHER TESTS OF
SIGNIFICANCE

A further piece of analysis that is imperative to this study is an examination of a
greater number of error metrics. Whilst the mean square error is widely accepted
and employed, and is consistent with the expected loss function associated with
mis-estimation of betas, other error metrics are often employed in the literature.
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One metric, which scales the size of the error by the magnitude of the actual
return, is the mean percentage error. For any one forecast return, the percentage
error can be calculated as follows:
PE =

(1 + rˆikt )
(1 + rikt )

where PE is the percentage error, r̂ikt is the forecast return for stock i in period t
using beta estimation k, and rikt is the actual stock return.
Additional tests can also be carried out on the mean square errors presented in
the main results to see whether the observed differences are statistically
significant. A modified Diebold and Mariano test statistic, which Harvey,
Leybourne and Newbold (1997) present could be used for this purpose. This will
help to strengthen the credibility of conclusions drawn.

5.7

ANALYSIS OF THE ECONOMIC SIGNIFICANCE OF
THE RESULTS

It is important to show that the results found in Section 4 of this paper are not
only statistically significant, but economically meaningful. That is, it is possible,
given a very large sample size, for very small difference in the performance of
two beta methods to be detected as being statistically significantly different.
Therefore, it must be shown that the observed differences lead to economically
meaningful differences between the estimation methods. In order to examine this
economic significance, we can compare the 5-year aggregated annual forecast
returns of each method to the actual 5-year return. This procedure would be
carried out as follows. For each method, estimate the forecast stock returns over
a 1 year time period. Aggregate these over a five year period, to get a total
forecast return for the entire period. Take the average across all stocks, and all 5year time periods for each method, and compare this to other methods and the
actual stock return over the 5-year period. This should provide an economically
meaningful quantification of the differences between each estimation method.

5.8

OTHER BETA ADJUSTMENTS AND ESTIMATION
METHODS

A number of other beta adjustments and estimation procedures could be
examined in this study. Most significantly, a beta which adjusts for nonsynchronous trading, such as that proposed by Scholes and Williams (1977),
should be evaluated. The Scholes-Williams beta is estimated using the following
formula:

β iSW =
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where β i−1 is the estimated beta regressing stock returns on lagged market
returns, β i is the estimated beta regressing stock returns on contemporaneous
market returns, β i+1 is the estimated beta regressing stock returns on next
period’s market returns, and ρ m is the first order autocorrelation coefficient in
market returns.
However, it is likely, given the results presented in Section 4 of this paper, that
the Scholes-Williams beta will perform even worse than the OLS beta estimate.
That is, it appears, based on the results presented in this paper, that beta
estimates which are least affected by noise and measurement error perform best
in terms of forecasting returns. A Scholes-Williams better, however, is potentially
less precise and contains more estimation error than a standard beta, due to the
additional parameters which must be estimated. More specifically, the
measurement error associated with a Scholes-Williams beta is a culmination of
the errors present in each of the three beta estimates of which it is comprised.
Nonetheless, given that some data providers, such as CRIF, rely on the ScholesWilliams procedure as one adjustment technique, it is probably worthwhile
investigating.
A further beta estimation technique which deserves analysis is an instrumental
variables beta estimate. This can be calculated as follows. Standard estimates of
beta are derived and stocks are grouped into portfolios based on the magnitude
of their beta. A beta for the portfolio can then be estimated by forming a
portfolio return series for the estimation period (which is the same as that used
for estimating the individual stock betas) and regressing this against market
returns. Each stock within the portfolio is then assigned the portfolio beta. This
method attempts to reduce measurement error in the estimated beta by using the
portfolio beta as an instrumental variable.

6 Conclusions and Recommendations
The purpose of this paper is to determine the optimal technique for estimating
equity betas, where the best method is taken to be that which generates beta
estimates which provide superior forecasts of stock returns. We show that this
metric is appropriate if the beta estimates are to be used in the CAPM to
compute the cost of equity capital. This determination is essential given the
importance of the accurate estimation of beta, particularly in the context of
regulatory price setting.
The current approach to beta estimation taken by practitioners, and also a
number of data providers, is to use OLS regression to estimate the relationship
between the returns on the individual stock and the returns on the market, using
monthly data over a 4 or 5 year period. The coefficient on the independent
variable is then taken to be the estimated beta. However, there is evidence to
suggest that this is not the most appropriate methodology. Perhaps, in the case of
data service providers, the methodology adopted makes commercial sense,
without necessarily generating the best result.
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This paper has presented evidence to support this conclusion. The analysis of
different estimation periods suggests that a period longer than 4, 5 or 6 years is
the optimal data period. Applying a Blume adjustment to the OLS beta estimate
significantly improves the usefulness of the beta estimate, regardless of the length
of the estimation window. The simplest model examined, where the beta for all
companies across all periods is assumed to be equal to unity, generally
outperforms OLS estimates. There is no significant difference between the
performance of the beta of unity model and the Blume betas for betas estimated
over short time periods. However, a Blume-adjusted beta estimated over 7, 9 or
10 years significantly outperforms the beta equals unity method. The preliminary
evidence on the usefulness of industry betas and outlier-adjusted betas suggest
that they are superior to OLS estimates.
From this analysis, we can conclude that every alternative examined outperforms
OLS equity beta estimates using 4 or 5 years of data. As a result, the beta
estimates taken from data providers are not the best estimates of beta using the
available data. Our results suggest that a longer data period should be used, and
that the estimate should be adjusted toward unity using the Blume adjustment. In
the absence of any such data, the best estimate of the equity beta for any
company is unity. In all cases, our ranking of estimation techniques and our
conclusions about which is optimal relates to the use of the equity beta estimate,
in the CAPM, to compute the firm’s cost of equity capital. If one is to use the
CAPM to estimate the cost of equity, one should use the beta estimation
technique that is optimal for this purpose. Mechanical OLS estimates, without
even so much as a Blume adjustment, are not optimal for this purpose.
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EXECUTIVE SUMMARY
Regulators are interested in the interest rate a firm would have to promise on its bonds if it
were to raise capital through the issuance of 10 year debt. In practice, there are very few long
dated, low rated bonds outstanding and one can rarely directly observe yields on 10 year
debt. CBASpectrum provides estimated yields on 10 year debt. The CBASpectrum
estimation procedure does not determine the best fit to the available data. The
CBASpectrum estimation procedure is such that CBASpectrum estimated yields are
expected to be, and in practice are, on average, less than actual yields. The difference is
expected to be most pronounced for long dated, low rated bonds. Between 30 June 2003 and
10 May 2005, actual yields on Australian bonds with more than 6 years to maturity and
ratings of A or below averaged 17.1 basis points higher than CBASpectrum estimated yields
on such bonds. For bonds with more than 8 years to maturity and ratings of A or below, the
difference has averaged 22.2 basis points.
Using only data from CBASpectrum, our best estimate of the appropriate adjustment to
CBASpectrum estimates of yields on 10 year debt rated A or below is to add 25.6 basis
points.
The regulator might consider relying on a different data source such as Bloomberg.
Bloomberg’s estimation procedure will not induce an expected difference between actual
and estimated yields. Over the relevant period Bloomberg estimated fair yields that were
25.8 basis points higher than CBASpectrum for ten year BBB+ bonds. This is consistent with
our independent assessment of a 25.6 basis point bias.
Finally, regulators may wish to develop their own estimation technique that relies on either
market observations or expert advice from market participants (with the latter approach
involving a degree of non-transparency).
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1
1.1

INTRODUCTION AND BACKGROUND
Introduction

This report provides an opinion on the potential for CBASpectrum ‘fair value’ credit spreads
to understate credit spreads observed in the marketplace. It also compares, in the context of
setting the cost of debt for regulated businesses, the relative merits of CBASpectrum versus
Bloomberg estimates of credit spreads for long dated and low rated bonds. It also provides
suggestions about alternatives to the use of CBASpectrum by regulators.
In preparing this report we have had regard to documentation detailing CBASpectrum’s
estimation procedures entitled ‘Spectrum Re-built Analytics’ supplied by CBASpectrum to
Professor Bruce Grundy in June 2004. We have also had regard to documentation describing
Bloomberg’s estimation technique entitled ‘Market Solutions for Pricing and Analytics, the
Curve’s the Thing’ and telephone and email correspondence with Bloomberg staff.

1.2

Background

CBASpectrum produces estimates of the average (or ‘fair value’) yield on corporate bonds of
a particular credit rating and of a particular maturity. These estimates of ‘fair value’ yield
have been used by a number of Australian regulators in setting the ‘efficient’ cost of debt for
regulated businesses.
In mid 2004 NERA observed that the CBASpectrum database contained only 3 corporate
bonds rated A or below with longer than 6 years to maturity and for those three bonds the
average difference between CBASpectrum ‘fair value’ and actual yields was consistently
around +18 basis points over the preceding 12 months. Following this observation we
endeavoured to better understand CBASpectrum’s estimation technique for ‘fair value’
yields on corporate bonds. We asked CBASpectrum if they could provide documentation
describing the estimation technique used. In response to this request we received a
document entitled “Spectrum Re-built Analytics”.
Upon examination of this documentation we formed the opinion that CBASpectrum’s
method of determining ‘fair value’ yields leads CBASpectrum yields to understate actual
yields on long dated/low rated bonds. The reasons for this were set out in TransGrid’s
submission to the ACCC on the weighted average cost of capital and in a report by Professor
Grundy – both of which were made confidential in anticipation that the issues involved
would be resolved with the assistance of CBASpectrum.
This report covers much of the same ground as previous confidential submissions for
TransGrid. It is made with the aim of assisting the ENA to engage with Australian
regulators and CBASpectrum on this issue.
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All of the Bloomberg and CBASpectrum data in this report was sourced from an ENA
member. NERA is responsible for the correct manipulation and economic interpretation of
that data.
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WHY ACTUAL SPREADS MAY BE CONSISTENTLY HIGHER
THAN CBASPECTRUM FITTED SPREADS

The first equation in section 2 of the ‘Spectrum Re-built Analytics’ document states that the
CBASpectrum estimation technique fits a set of curves used to predict ‘fair value’ yields on
corporate bonds such that the fitted curves (of a predetermined functional form) minimise
the sum of squared deviations:
a. between CBASpectrum estimates and actual observations (ie, the standard statistical
technique); plus the sum of squared deviations
b. between CBASpectrum estimates at 10 years to maturity of ‘fair value’ yields for each
credit rating and the CBASpectrum estimate of the ‘fair value’ yield for the next highest
credit rating at 10 years to maturity; plus the sum of squared deviations
c. between the CBASpectrum estimate for CGS (Commonwealth Government Securities)
and BBB- bonds at the 1 year maturity.
The procedure described in a) above represents the standard statistical technique where
curves are fitted in a manner that minimises the deviation between the predictions of the
model and the actual data available. Combining b) with a) represents a departure from this
standard technique and effectively introduces, for each credit rating, one ‘phantom’
observation of a 10 year corporate bond with a credit spread that is the same as that
predicted for the next highest rated bond of 10 years. For example, it introduces a phantom
observation of a BBB rated 10 year corporate bond that has a credit spread that is equal to
CBASpectrum’s estimated credit spread for BBB+ 10 year bonds. Similarly, it introduces a
phantom observation of a BBB+ 10 year bond that has a credit spread equal to
CBASectrum’s estimated credit spread for A- 10 year bonds (and so on for higher credit
ratings).1
This aspect of the estimation technique is particularly likely to cause estimates of ‘fair yields’
for long dated corporate bonds to be below these bonds’ actual yields because of the small
number of observations of long dated corporate bonds – and especially low rated and long
dated corporate bonds. In mid 2004 there were only be three corporate bonds rated A or
below with longer than 6 years to maturity in the CBASpectrum database. In the absence of
actual observations of long dated and low rated corporate bonds, CBASpectrum’s estimation
technique will place significantly more weight on the ‘phantom’ observations when fitting
the long maturity end of the curve.

1

Moreover, combining, point c) with a) and b) effectively introduces a further ‘phantom’ observation of a 1 year
corporate BBB- bond with a zero credit spread. In other words, the methodology estimates the relevant equation
parameters in the same way that the standard procedure would if there really was an observation of a one year
BBB- bond with a zero credit spread – despite there being no such actual observation.

Confidential

5

n/e/r/a
The impact of these phantom observations on the estimation technique can be illustrated
graphically.

‘Fair Yield’ on BBB +

‘Best fit ’ of actual data

Yield

•

• •
••
•
•• • •• •
• •
• •• ••• ••
• •• •• •
•

•

Bias for 10 year
BBB + bonds

‘Best fit ’ of actual data plus
phantom observation

Phantom Observation

•

5

10

Actual Observation

Years to Maturity

The above graph depicts two alternative curves which estimate the ‘fair yield’ on BBB+
corporate bonds. The ‘solid’ curve represents the curve that best fits the actual observations
of yields on BBB+ bonds (represented by the round dots) – ie, the curve that minimises the
sum of squared deviations of actual observations from the fitted curve. The dashed curve
represents the curve that best fits the actual observations plus the phantom observation as
described in part b) of the first paragraph of this section (marked by a ‘square dot’). This
phantom 10 year BBB+ observation is biased downward because it is assigned the same
yield as CBASpectrum estimates for a 10 year A- bond (which is itself biased downwards).
As drawn, both curves provide a near identical fit to the actual observations of BBB+ bonds
with 5 year and below maturity dates. However, the two curves begin to materially depart
for longer dated maturities – with their maximum departure occurring at 10 years. The
reason for this divergence is that the dotted curve is ‘pulled’ towards the phantom
observation which, by definition, has a low yield (equal to the estimated yield on the next
highest rated bond). Moreover, because there is only one actual observation of BBB+ bonds
with greater than 5 years to maturity there is only weak ‘pull back’ by the actual
observations. That is, because there is only one actual observation of a long dated BBB+
bond, the dotted curve effectively gives the ‘phantom’ observation equal weight with the
actual observation - and fits a line “halfway” between them. If there were more actual
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observations of long dated BBB+ bonds, then the phantom observation would have less
impact.
The above discussion illustrates with reference to a single credit rating (BBB+) the reason
why CBASpectrum’s methodology causes fitted yields on long dated bonds to be below
their actual yields. In reality, CBASpectrum estimates yield curves for all credit ratings,
including CGS, simultaneously. There are a number of reasons why CBASpectrum may
wish to estimate all yield curves simultaneously, including a desire to impose a restriction
that yield curves for different credit ratings do not cross.2 However, the simultaneous
estimation of ‘fair yields’ for different credit ratings does not alter the fact that
CBASpectrum’s methodology causes fitted yields on long dated bonds to be below their
actual yields.
In Appendix A to this report Professor Bruce Grundy provides a simulation showing that,
whether the term structure of true spreads is flat, upward-sloping or downward-sloping,
when we consider a distribution of observations on each rating/maturity class like the
empirical distribution across ratings/maturity classes in the CBASpectrum database, the
following results hold:
i.

CBASpectrum estimated spreads are, on average, less than actual spreads.

ii.

For a given rating, the excess of actual spreads over CBASpectrum estimated spreads
is larger for longer maturity bonds than for shorter maturity bonds.

iii.

For a given maturity, the excess of actual spreads over CBASpectrum estimated
spreads is larger for lower quality bonds than for higher quality bonds.

iv.

The excess of actual spreads over CBASpectrum estimated spreads is largest for long
dated, low rated bonds.

Professor Kevin Davis has also reviewed CBASpectrum’s documentation of its model and
has agreed that there is a substantive argument that CBASpectrum's estimation technique
creates a material downward bias in estimates of "fair spread" for long dated and low rated
bonds. His report is included as Appendix B.

2

For example, by estimating the curves simultaneously CBASpectrum can impose a restriction that the yield on
BBB+ bonds is never lower than the yield on A- bonds of a similar maturity and that A- bonds never have yields
less than the yields on A bonds of similar maturity and so on.
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3

HISTORICAL DIFFERENCES BETWEEN ACTUAL SPREADS
AND CBASPECTRUM FITTED SPREADS

The table below describes the historical difference between CBASpectrum estimates of ‘fair
yields’ and actual yields for the three corporate bonds that, in mid 2004, were in
CBASpectrum’s database and were rated A or below with longer than 6 years to maturity.

Table 1
Prior Historical Analysis
Average of the Historical Excess of Actual Spreads over CBASpectrum Fitted
Spreads on long-term bonds over the year ended 30 June 2004

Average (bp)
SD (bp)
No. of positives
% of obs positive
No. of obs
Average (bp)
SD (bp)
No. of positives
% of obs positive
No. of obs
Average (bp)
SD (bp)
No. of positives
% of obs positive
No. of obs
Average (bp)
SD (bp)
No. of positives
% of obs positive
No. of obs

Snowy Hydro
Stockland
Westfield
25/02/2013
15/5/2013
15/07/2010
BBB+
AA
Last 12 Months (30 June 2003 to 30 June 2004)
32.16
15.56
6.48
4.73
4.27
3.25
236
231
204
100
100
94.01
236
231
217
Last 6 Months (1 January 2003 to 30 June 2004)
31.53
15.14
8.13
3.94
3.74
2.50
116
115
115
100
100
99.14
116
115
116
Last 1 Month (1 June 2004 to 30 June 2004)
28.62
16.52
10.00
2.22
1.17
2.86
21
21
21
100
100
100
21
21
21
Last 10 Trading Days (17 June 2004 to 30 June 2004)
27.20
16.00
11.50
2.20
1.33
0.71
10
10
10
100
100
100
10
10
10

Equal weighted
portfolio

18.71
3.63
236
100
236
18.28
2.55
116
100
116
18.38
1.18
21
100
21
18.23
0.94
10
100
10

This table has previously been supplied to the ACCC. The passage of time since
30 June 2004 allows us to examine a longer sample period and the results have been
extended through to 10 May 2005. The average of the observed excess of actual yields over
CBASpectrum fitted yields on these three bonds between June 30 2003 and 10 May 2005 has
been 17.99 basis points. This small downward movement is likely to be, at least in part, a
result of the reduction in the average time to maturity with the passage of time.
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The reduction in the difference between actual and CBASpectrum fitted yields as a bond’s
the time to maturity decreases is further illustrated by noting that since 15 July 2004 the
Westfield bond has had less than 6 years to maturity. When we remove the Westfield bond
from this sample after 15 July 2004 and then recalculate the average difference between
actual and fitted spreads between June 30 2003 and 10 May 2005 for this set of bonds (bonds
rated A or below with greater than 6 years to maturity throughout the observation period)
we obtain 18.81 basis points.
The passage of time has also increased the size of the sample of bonds rated A or below with
longer than 6 years to maturity. There have been four new bonds issued that meet this
criteria.3 Adding these four bonds during the period over which they had at least 6 years to
maturity to the existing sample of A or below rated bonds with at least 6 years to maturity
and recalculating the average excess of actual yields over CBASpectrum fair value yields for
the period from 30 June2003 to 10 May 2005, we estimate that the excess was 17.1 basis
points. However, this estimate of average bias is unsatisfactory on two counts. First, it is
based on bonds whose average time to maturity is 7.7 years. Second, the average credit
rating of these bonds is between A- and A.
We understand that the object of interest for regulators is the size of the difference between
actual yields and CBASpectrum fair value yields on bonds with 10 years to maturity. We also
understand that regulators are generally interested in the cost of debt on BBB+ bonds as this
is the benchmark credit rating of a utility with benchmark gearing of 60%. Looking at the
seven individual bonds in our sample, we see that the difference is much greater for bonds
with nearly 10 years to maturity than it is for bonds with a only a little over 6 years to
maturity.

3

CFS Gandel Retail issued an A rated bond on 22 December 2004. The bond matures on 22 December 2014 maturity
and CBASpectrum began reporting data on this bond on 5 January 2005. CFS Gandel Retail issued a second A
rated bond on 12 November 2003. This bond matures on 12 November 2010 maturity and CBASpectrum began
reporting data on this bond on 6 July 2004. By 12 November 2004 this bond had less than 6 years to maturity. SPI
Electricity issued an A- bond on 3 November 2004. This bond matures on 3 November 2011 maturity and
CBASpectrum began reporting data on this bond on 8 November 2004. Tabcorp issued a BBB+ bond on 13 October
2004. This bond matures on 13 October 2011 maturity and CBASpectrum began reporting data on this bond on 13
October 2004.
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Table 2
Average Differences between Actual Yields and CBASpectrum Fitted Yields over the
period 30 June 2003 through 10 May 2005 by Bond

Bond

CFS
Gandel
2010

Average years
to maturity4

6.2

6.5

Credit Rating

A

Average excess to
CBASpectrum
b.p.

12.41

*The

Tabcorp

Snowy

Stockland

CFS
Gandel
2014

6.8

6.7

8.7

8.9

9.8

A*

A-

BBB+

BBB+

A-

A

6.77

8.91

4.37

28.43

14.75

23.42

SPI
Westfield
Electricity

Westfield bonds were downgraded to A- on 7 February 2005

The average excess to CBASpectrum is the average difference between the actual yield and
the CBASpectrum fair value yield where that average was calculated over each date post
30 June 2003 on which the bond had at least 6 years to maturity. For the CFS Gandel Retail
bond maturing in 2010, the average time to maturity when data on the bond was reported
on CBASpectrum and the bond had at least 6 years to maturity was only 6.2 years —much
less than 10 years. The average excess to CBASpectrum for this A rated bond was 12.41 basis
points. Contrast this to the Snowy BBB+ bonds. This bond had on average 8.7 years to
maturity during the post 30 June 2004 period and an average difference of 28.43 basis points.
The Table shows a very clear trend for the difference between CBASpectrum estimates of
fair yields and actual yields to increase the longer the time to maturity. For the three bonds
with an average maturity over the sample period between of eight and ten years,
CBASpectrum underestimated these yields by an average of 22.2 basis points. For the four
bonds with between six and eight years average maturity CBASpectrum’s average
underestimate was 8.1 basis points.
It is also worth noting that on all seven long dated and low rated bonds in the sample,
CBASpectrum underestimated the average yield on each of these bonds. This empirical
evidence strongly supports the theoretical presumption that a downward bias will exist in
CBASpectrum’s technique for estimating yields on the sample of long-dated and low-rated
bonds.

4

Average years to maturity is calculated as the average of the bond’s time to maturity with the average calculated
over each date between:
•

30 June 2003 or the date on which CBASpectrum first began to report data on the bonds (whichever comes
later); and

•

10 May 2005 or the date at which they bond first has less than 6 years to maturity (whichever comes earlier).
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3.1

The Bias on 10 year Bonds

We understand that an important question for regulators is: What is the fair yield on ten
year bonds? In particular, if regulators were to rely on CBASpectrum analysis and data
what adjustment would be appropriate to CBASpectrum’s estimate of ‘fair yield’ on 10 year
corporate bonds?
On the basis of the previously outlined data, we consider that the minimum reasonable
adjustment is 22.2 basis points. This represents the average underestimate of actual yields
on all bonds in CBASpectrum’s database rated A or below with between 8 and 10 years to
maturity. We consider that this is an appropriate minimum adjustment on the grounds that
the average time to maturity on these bonds is less than ten years (9.13 years) and we
observe that the size of the bias tends to increase with maturity. The average rating for these
three bonds is A-. However, within the sample of bonds rated A or below there does not
appear to be any strong relationship between the size of the excess to CBASpectrum and the
credit rating. As such, we consider that it is reasonable to apply the same adjustment to
bonds rated A or below.
There is limited data for us to be definitive on the ‘most likely’ as opposed to ‘minimum’
adjustment required. However, three potential approaches all yield similar outcomes. In
particular:
•

straight line regression5 of ‘average excess’ to ‘average years to maturity’ data from table
2 predicts a bias at 10 years to be 25.6 basis points;

•

the coefficient of ‘average years to maturity’ in that regression is 4.9 basis points, ie, the
excess tends to increase by 4.9 basis points per year. Adjusting for the fact that our
minimum adjustment was based on an average age to maturity of 9.13 years by adding
4.9*(10-9.13) basis points gives 26.4 basis points; and

•

for the three bonds with between eight and ten years to maturity the average excess per
year to maturity is 2.44 basis points per year. Adding 2.44*(10-9.13) basis points gives
24.3 basis points.

We believe that the first of these estimates has the most rigour; however, it is comforting that
alternative approaches provide similar estimates. On the above basis, our best estimate of
the appropriate adjustment to CBASpectrum estimates of fair yield on A to BBB+ bonds with
10 years to maturity is to add 25.6 basis points.

5

The estimated relationship is Excess to CBASpectrum = -23.3bp + 4.898*(average years to maturity). The coefficient
of ‘average years to maturity’ is statistically significant at the 95% confidence interval. Naturally, this relationship
can only reasonably be relied on within the approximate range of the data used to derive it. That is, we do not
claim that the relationship would be relevant for bonds with, say, 3 or 15 years to maturity.
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4

IS BLOOMBERG FREE OF THE IDENTIFIED BIAS?

Bloomberg also provides estimates of the ‘fair’/‘representative’ yields on corporate debt of a
particular maturity and credit rating. In doing so, Bloomberg uses a different estimation
technique. Bloomberg’s estimation technique differs from CBASpectrum’s estimation
technique in a number of ways. In particular, Bloomberg’s technique solely minimises the
sum of squared deviations between actual observations and estimates of fair/representative
yields.
It does not impose any additional ‘penalties’ on the estimation of
‘fair’/’representative’ yields, ie, there are no ‘phantom’ observations which the estimation
technique attempts to ‘fit’.
For this reason, Bloomberg’s estimation technique does not introduce the tendency for
estimated yields to understate actual yields that the CBASpectrum’s estimation technique
exhibits. That is, the technique fits estimated ‘fair’/’representative’ yields to minimise the
sum of squared deviations from actual observations only.
This fact tends to be confirmed when we examine the excess of the yields on the seven bonds
examined in Table 2 relative to Bloomberg estimates of representative yields.
Bloomberg representative yields are intended to be representative of yields on bonds within
a similar ranking groups; i.e., Bloomberg representative yields on “A rated bonds” are
intended to be representative of yields on A+, A and A- bonds. The Bloomberg
representative yield on “A rated bonds” is determined so as to minimise the sum of squared
deviations between actual observations on yields on A+, A and A- bonds and the Bloomberg
representative yield on “A rated bonds”. The Bloomberg representative yield on “A rated
bonds” will tend to understate representative yields on bonds which actually have Aratings (and will also tend to understate yields on A rated bonds if there are proportionally
more A+ rated bonds in the sample)..
In the post June 2003 period examined in this study, all long dated bonds with a generic
Bloomberg BBB rating are in fact BBB+ rated and no BBB or BBB- rated long dated bonds
were used in the estimation of Bloomberg fitted yields on long dated “BBB rated bonds.”
The Bloomberg representative yield on long dated “BBB rated bonds” is determined so as to
minimise the sum of squared deviations between actual yields on those BBB+ bonds and the
Bloomberg representative yield on “BBB rated bonds”. The Bloomberg representative yield
on long dated “BBB rated bonds” will be an unbiased estimate of the yield on long dated
BBB+ rated bonds. Table 3 reports the average difference between actual yields and
Bloomberg representative yields.
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Table 3
Average Differences between Actual Yields and Bloomberg Representative Yields over
the period 30 June 2003 through 10 May 2005 by Bond

Bond

CFS
Gandel
2010

Average years
to maturity6

6.2

6.5

Credit Rating

A

Average excess to
Bloomberg b.p.

1.12

*The

Tabcorp

Snowy

Stockland

CFS
Gandel
2014

6.8

6.7

8.7

8.9

9.8

A*

A-

BBB+

BBB+

A-

A

3.02

7.82

−1.91

1.25

4.10

−4.58

SPI
Westfield
Electricity

Westfield bonds were downgraded to A- on 7 February 2005.

When estimated relative to Bloomberg fair yields there are both positive and negative
average differences and those averages are much smaller in absolute value than the average
differences between actual and CBASpectrum fair yields reported in Table 2.

5

FUNCTIONAL FORM

A second source of difference between the Bloomberg and CBASpectrum estimation
techniques, relating to functional forms, may also be relevant to regulators when assessing
the relative usefulness of CBASpectrum and Bloomberg.

5.1

Bloomberg’s Functional Form

Bloomberg imposes only a very weak functional form on its estimates of
‘fair’/’representative’ yields on corporate debt. The Bloomberg estimation technique sets
the yield curve for each credit rating relying solely on actual observations of bonds with the
same credit rating. In doing so, it places no restrictions on the relation between the spread
on bonds of a given rating and the time to maturity of those bonds, or on the relation
between the spread on a bond of a given maturity and rating and the spread on a bond of
the same maturity but different rating.
For each credit rating, Bloomberg nominates a number of predetermined maturity points on
the yield curve (3 and 6 months, 1, 2, 3 4, 5, 7, 8, 9, 10, 15, and 20 years – or fewer if there are
limited long dated observations). Bloomberg then estimates the yields to maturity on the set

6

Average years to maturity is calculated as the average of the bond’s time to maturity with the average calculated
over each date between:
•

30 June 2003 or the date on which CBASpectrum first began to report data on the bonds (whichever comes
later); and

•

10 May 2005 or the date at which they bond first has less than 6 years to maturity (whichever comes earlier).
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of bonds that would both sell at par and have maturity dates exactly equal to the
predetermined maturity points. The estimation procedure minimises the sum of squared
deviations between actual observed yields and fair yields on bonds, assuming that the fair
yields on bonds selling at par with maturity dates between two nominated maturity points
are determined from a straight line joining the fair yields on the two immediately
surrounding bonds with maturities equal to the predetermined maturity points.
As such, there is no predetermined mathematical relationship (functional form) linking the
values on the yield curve at each predetermined point. This means that the yields at those
predetermined points are free to take any values that best fit the data – with the only
constraint that these points are joined by a straight line. For example, if the best fit of the
actual data on bonds of a given rating is that the yield curve rises, then falls and then rises
again as maturity is increased then Bloomberg will fit a curve that rises, falls, then rises
again. And the best fit of actual data on bonds of a different rating may be quite different
again.
In summary, the Bloomberg estimation technique provides considerable flexibility to
estimate:
•

a variety of shapes for the yield curve; and

•

different shapes for yield curves of different credit ratings.

5.2

CBASpectrum’s Functional Form

The CBASpectrum technique imposes a functional form that, amongst other things, forces
the fair/representative yield curves to have similar shapes for each credit rating. The effect
of this is that the estimated shape of the yield curve for high rated bonds, for which there are
many observations, affects the shape of the yield curve for low rated bonds, for which there
are few observations.
The functional form imposed by CBASpectrum also forces, for any given maturity, the credit
spread associated with a particular credit rating to be expressed as:
Credit spread at each maturity = [ a term that depends on the bond's maturity ] × [ a term that depends on the bond's rating ]
= [ a term that depends on the bond's maturity ] × e (a × CR + b × CR

2

+ c × CR 3 )

,

where the term that depends on the bond’s maturity describes how the spread
increases with maturity for all bonds irrespective of their credit rating,

a, b and c are constants that are independent of the credit rating (CR), and
CR = 1 for AAA rated debt
= 2 for AA+ rated debt
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….
= 10 for BBB- rated debt.
This functional form imposes a number of restrictions on the final estimated credit spread.
For example, the credit spread for each credit rating is always a constant proportion of the
credit spread for other credit ratings of the same maturity; ie, it does not allow the ratio of
the credit spreads of different credit ratings to vary with maturity.7 This restriction means
that changes in maturity must have identical proportional impacts on credit spreads for all
bonds – irrespective of their credit rating.
We are unaware of any empirical or theoretical reason to believe that such a relationship
actually exists between spreads on corporate bonds. In fact, the seminal Merton (1974)
theoretical work on the relation between yield spreads and maturity concludes that even
when yield spreads on high-rated corporate bonds are increasing with maturity, yield
spreads on low-rated corporate bonds may be humped shaped or decreasing with maturity.8
Different shapes for the term structure of yields spreads on low versus high-grade bonds
have been documented in Johnson (1967), Sarig and Warga (1989), Elton, Gruber, Agrawal
and Mann (2001), and Träuck, Laub and Rachev (2004). These researchers have examined
data from different time periods, different industries and different countries.9 In each case,
the authors concluded that the relation between spreads and maturity does depend on the
credit rating of the set of bonds being examined.
As an example of what can happen when the ratio of the credit spreads on bonds with
different credit ratings does vary with maturity, imagine that bond traders believe that
default risk increases proportionally faster with maturity the lower the bond’s credit rating.
In this case, the market credit spread on BBB versus AAA bonds may look something like
that described in the graph below (ie, spreads may be very similar for maturities in the next
few months but the BBB credit spread increases to triple the AAA credit spread at 10 years
to maturity).

7

For example, if the estimated credit spread on a BBB rated bond with one year to maturity is twice that estimated
for a AAA rated bond with one year to maturity then a BBB rated bond with 10 years to maturity will also have
twice the credit spread of a AAA rated bond with 10 years to maturity.

8

Merton, Robert C. , 1974, "On the pricing of corporate debt: The risk structure of interest rates", Journal of Finance 29,
pp. 449-470.

9

Johnson, Ramon E., 1967, “Term structures of corporate bond yields as a function of risk of default,” Journal of
Finance 22, pp. 318—21.
Sarig, Oded and Arthur Warga, 1989, “Some empirical estimates of the risk structure of interest rates,” Journal of
Finance 44, pp. 1351—1360.
Elton, Edwin J., Martin J. Gruber, Deepak Agrawal and Christopher Mann, 2001, “Explaining the rate spread on
corporate bonds,” Journal of Finance 56, pp. 247—277.
Träuck, Stefan, Matthias Laub and Svetlozar T. Rachev, 2004, “The term structure of credit spreads and credit
default swaps - an empirical investigation,” Universität Karlsruhe Working Paper.

Confidential

15

n/e/r/a

Credit
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Years to Maturity
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However, CBASpectrum’s functional form can’t reflect this hypothetical state of the market.
The best ‘fit’ using CBASpectrum’s functional form would involve shifting up/down the
short/long maturity yield on BBB bonds to make this curve look more like the AAA curve
(and vice versa for the AAA curve). This is depicted in the graph below with the dotted lines
illustrating the type of impact on estimated credit spreads using a functional form that, like
CBASpectrum, forces AAA and BBB credit spreads to have the same shape.

Credit
Spread

BBB

AAA

10
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As can be seen, in this example forcing the yield curves to have the same shape
underestimates yields on long dated BBB bonds but overestimates yields on long dated
AAA bonds. The opposite may be true if, in reality, the ratio of BBB to AAA credit spreads
actually fell as maturity increased. There are numerous other more subtle restrictions
imposed by CBASpectrum’s chosen functional form which we do not discuss in detail in this
report. 10
Imposing a functional form on the data, such as is applied by CBASpectrum, can be
appropriate if there are reasons to believe that the functional form is correct – even if the
data does not independently support that view. For example, it may be that the particular
functional form has been tested against other data sets, say corporate bond yields in other
countries, and has been found to accurately reflect relationships within those data sets.
Before using CBASpectrum to set the regulated cost of debt, regulators should satisfy
themselves that there is a strong rationale for forcing the data to fit the functional form
chosen by CBASpectrum. We are unaware of any such rationale for imposing the functional
form chosen by CBASpectrum.
In the absence of any such rationale we believe that a more flexible functional form (ie, one
that minimises the number of a priori judgments which the data is forced to fit) is superior.
The Bloomberg functional form is more flexible than the CBASpectrum functional form and,
hence, this flexibility is to be preferred - unless there is evidence that the restrictions
imposed by CBASpectrum’s estimation technique are justified by some other information
set.

10

For example, one of the mathematical properties of the cubic polynomial in the exponent of the CBASpectrum
fitted credit spread is that it is only possible to have two ‘points of inflexion’ on the curve. (A point of inflexion
exists where the second derivative of the function is zero (ie, the rate of change of the rate of change is zero)). This
means that it is incapable of accurately describing a relationship with more than two points of inflexion (as would
be the case if, for example, the relationship between credit ratings and credit spreads (at any given maturity) was
stepwise with more than 2 steps).
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6

HISTORICAL DIFFERENCES BETWEEN BLOOMBERG AND
CBASpectrum

It is useful to ask whether the historical difference between Bloomberg and CBASpectrum
estimates of fair yield is consistent with our own assessment of the likely bias in
CBASpectrum for 10 year low rated bonds. Doing so will act as a ‘check’ on our own
empirical analysis in section 3. If it is the case that Bloomberg estimates tend to be greater
than CBASpectrum estimates by around 25 basis points (ie, our estimate of the likely bias on
10 year bonds) then this lends support to our own analysis. Symmetrically, it would lend
support to the view that regulators should rely more heavily on Bloomberg estimates of fair
yields.
Recall that the Bloomberg representative yield on long dated “BBB rated bonds” will be an
unbiased estimate of the yield on a long dated BBB+ rated bond. The Figure below shows
the average difference between Bloomberg representative yields on BBB bonds and
CBASpectrum fair yields on BBB+ bonds for the period 30 June 2003 through 10 May 2005.
Because of the absence of bonds whose yields could be used to determine a 10 year estimate,
Bloomberg does not report a 10 year representative yield for BBB bonds after 20 October
2004. The average difference between Bloomberg and CBASpectrum yields on 10 year bonds
is therefore calculated over the period 30 June 2003 through 20 October 2004.
Consistent with the results reported in the preceding sections, CBASpectrum fair yields
understate the actual yields on long dated low rated bonds as reflected in Bloomberg
representative yields. Over the period 30 June 2003 through 20 October 2004,
CBASpectrum fair yields on 10 year BBB+ bonds understate Bloomberg representative
yields
by
25.76
basis
points
on
average.
Bloom berg BBB less CBASpectrum BBB+
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A similar difference between CBASpectrum fair yields on A+, A and A- bonds and actual
yields on these bonds is observed if one compares an equal-weighted average of
CBASpectrum fair yields on A+, A and A- bonds to the Bloomberg representative yield on
“A rated bonds”. This difference is depicted in the Figure below.
Bloom berg A less average of CBASpectrum A+, A and A25
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Again we see that CBASpectrum fair yields understate the actual yields on long dated low
rated bonds. Over the period 30 June 2003 through 10 May 2005, an equal-weighted
combination of CBASpectrum fair yields on 10 year A+, A and A- bonds understates the
Bloomberg representative yield on A bonds by 22.93 basis points on average.
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7

CONCLUSION

The CBASpectrum estimation procedure does not determine the best fit to the available
data. The CBASpectrum estimation procedure is such that CBASpectrum estimated yields
are expected to be, and in practice are, on average, less than actual yields for long-dated and
low-rated bonds. Between 30 June 2003 and 10 May 2005, actual yields on Australian bonds
with more than 6 years to maturity and ratings of A or below have averaged 17.1 basis
points higher than the CBASpectrum estimated yields on such bonds. For bonds with more
than 8 years to maturity and ratings of A or below, the difference has averaged 22.2 basis
points.
We consider that, on the basis of the data examined in this report, the most appropriate
adjustment to CBASpectrum estimates of yields on low rated (A and below) 10 year bonds is
to add 25.6 basis points.
Alternatively, regulators may also wish to have regard to Bloomberg estimates of fair yields
which for BBB 10 year bonds have tended to be 25.8 basis points above CBASpectrum
estimates of fair yields.11
Finally, regulators may wish to develop their own estimation technique that relies on either
market observations or expert advice from market participants (with the latter approach
involving a degree of non-transparency).

11

Recall that when there are no long dated bonds with rating of BBB or below, but there are long dated BBB+ bonds,
then Bloomberg representative yields on long dated “BBB rated bonds” will be descriptive of yields on BBB+
bonds. However, Bloomberg will not estimate a 10 year yield on BBB+ bonds if there is no data on bonds with
maturities in the relevant maturity range. In this case, some adjustment to Bloomberg 9 year yields would have to
be made – one simple adjustment would be to add to the Bloomberg yield on a 9 year BBB bond an amount equal
to the yield spread between 10 and 9 year CGS bonds.
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APPENDIX A

SIMULATION OF THE DIFFERENCE BETWEEN ACTUAL CREDIT SPREADS AND
CBASPECTRUM ESTIMATES OF CREDIT SPREADS

REPORT BY BRUCE DAVID GRUNDY

Date of this report: 19 May 2005

My full name is Bruce David Grundy. I am a Professor of Finance at the Melbourne
Business School. This report simulates the difference between actual credit spreads and
CBASpectrum estimates of credit spreads.
CBASprectrum estimated fair value yields taken the form:

Fair Value Yield = CGS Yield + Spread,
where Spread = [ a term that depends on the bond's maturity ] × [ a term that depends on the bond's rating ] .

Without loss of generality, consider only two ratings (AAA and BBB) and two maturities (1
year and 10 year). CBASpectrum’s estimation procedure is such that the two terms in square
brackets above enter the determination of credit spreads in a multiplicative manner. Thus

Average Spread on 1-year BBB bonds
Average Spread on 10-year BBB bonds
=
.
Average Spread on 1-year AAA bonds
Average Spread on 10-year AAA bonds
Suppose that observed bond yields satisfy this property of the CBASpectrum model
perfectly.
The CBASpectrum technique will in this simple case (of 2 ratings classes and 2 maturity
dates) mean that there are 3 parameters to be estimated: X, Y and R.
X = estimated spread on AAA bonds at 1 year
Y = estimated spread on AAA bonds at 10 years
R = ratio of estimated spread on BBB bonds to the estimated spread on AAA bonds.
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X and Y determine the estimated spreads of AAA-rated bonds. R then multiplicatively
determines the spreads of BBB bonds.
Within CBASpectrum’s estimation technique a penalty is imposed on:
a) squared deviations between CBASpectrum estimates and actual observations (ie, the
standard statistical technique);
b) plus the squared CBASpectrum estimate of the ‘fair value’ credit spread on AAA
bonds at 10 years plus the squared difference between the estimated credit
spread on BBB bonds at 10 years and the estimated credit spread on AAA
bonds at 10 years;
c) plus the squared estimated spread on 1-year BBB bonds.

Let i index observations on the N observed bond yields. Having first estimated the CGS
(Commonwealth Government Security) term structure, the CBASpectrum technique will in
this setting solve the following problem:
⎛ [ CGS yield on a bond of i's maturity+ observed spread on a bond of i's rating and maturity ] ⎞
⎜
⎟
⎜
⎟
i =1 ⎝ − [ CGS yield on a bond of i's maturity+ estimated spread on a bond of i's rating and maturity ] ⎠
N

Min X ,Y ,R

∑

+ ([ CGS 1-year yield + estimated spread on 1-year BBB bonds ] − [ CGS 1-year yield ])

2

2

+ ([ CGS 10-year yield + estimated spread on 10-year AAA bonds ] − [ CGS 10-year yield ])

2

+ ([ CGS 10-year yield + estimated spread on 10-year BBB bonds ] − [ CGS 10-year yield + estimated spread on 10-year AAA bonds ]) .
2

N

Min X ,Y ,R

∑ ([observed spread on a bond of i's rating and maturity] − [estimated spread on a bond of i's rating and maturity])
i =1

+ ([ estimated spread on 1-year BBB bonds ])

2

+ ([ estimated spread on 10-year AAA bonds ])

2

+ ([ estimated spread on 10-year BBB bonds ] − [ estimated spread on 10-year AAA bonds ]) .
2

The penalty associated with the squared estimated credit spread on 1-year BBB bonds
corresponds to the penalty referred to in part c) of page 4 of this Report. The penalty
associated with the squared estimated spread on 10-year AAA bonds plus the squared
difference in spreads on 10-year BBB and 10-year AAA bonds corresponds to the penalty
referred to in part b) of page 4 of this Report .
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In this first simulation we consider a flat term structure of spreads. This does not imply that
the term structure of CGS yields itself must be flat— the term structure of CGS yields may
have any shape.
In the second (third) simulation, we consider a setting where spreads on long dated bonds of
a given maturity exceed (are exceeded by) spreads on short-dated bonds of the same
maturity.
In the first simulation consider a setting where:

•
•

•
•

The average observed spread on 1 year AAA bonds is 1%, with actual spreads evenly
distributed around 1%.
The average observed spread on 1 year BBB bonds is 3%, with actual spreads evenly
distributed around 3%. Note that the average spread on 1-year BBB is three times
that on 1-year AAA bonds.
The average observed spread on 10 year AAA bonds is 1%, with actual spreads
evenly distributed around 1%.
The average observed spread on 10 year BBB bonds is 3%, with actual spreads evenly
distributed around 3%. Note that the average spread on 10-year BBB is also three
times that on 1-year AAA bonds.
Average Spread on 1-year BBB bonds
Average Spread on 10-year BBB bonds
= 3.
=
Average Spread on 1-year AAA bonds
Average Spread on 10-year AAA bonds

Average True
Spread
3%

3%

1%

1%

1 year

10 years

In the absence of the penalties in the CBASpectrum estimation procedure, the estimated
parameters values would be X = 1%, Y = 1% and R = 3; i.e., in the absence of the penalties
the CBASpectrum procedure will in this setting produce fair value yield estimates that are
unbiased.
In the presence of the penalties, the difference between observed and estimated fair value
yields will depend on the importance of the penalties relative to the observed data in the
minimization problem. There are many more short-dated bonds than long dated bonds in
the CBASpectrum database. There are also many more bonds with high ratings than with
low ratings in the CBASpectrum database. To capture the features of the actual empirical
distribution of observations in the CBASpectrum database, we consider a simulation that
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involves 100 observations on AAA-rated bonds with 1 year to maturity, 50 observations on
AAA-rated bonds with 10 years to maturity, 50 observations on BBB-rated bonds with 1 year
to maturity and 5 observations on BBB-rated bonds with 10 years to maturity.
Applying the CBASpectrum estimation technique with the penalties it imposes to the
estimation of spreads in this dataset produces the following estimates of credit spreads:
X =
Y =
R =

1.0247% = estimated spread on 1 year AAA bonds.
0.9753% = estimated spread on 10 year AAA bonds.
2.856041 = estimated ratio of BBB spreads to AAA spreads.

Thus we have:
# of
Observations
AAA 1
AAA 10
BBB 1
BBB 10

100
50
50
5

True
Average
Spread
1.00%
1.00%
3.00%
3.00%

Estimated
Spread

Difference

1.025%
0.975%
2.927%
2.786%

-0.025%
0.025%
0.073%
0.214%

Averaged across all observations, the average value of the Spread to CBA Spectrum is
0.017% (i.e., 1.7 basis points) in this analysis with a flat term structure of credit spreads.
Thus when the term structure of true average spreads is flat and we consider a distribution
of observations on each rating/maturity class like the empirical distribution across
ratings/maturity classes in the CBASpectrum database, the following results are obtained:
i)

CBASpectrum estimated spreads are, on average, less than actual spreads.

ii) For a given rating, the excess of actual spreads over CBASpectrum estimated
spreads is larger for longer maturity bonds than for shorter maturity bonds.
iii) For a given maturity, the excess of actual spreads over CBASpectrum estimated
spreads is larger for lower quality bonds than for higher quality bonds.
iv) The excess of actual spreads over CBASpectrum estimated spreads is largest for
long dated, low rated bonds.
For completeness, our second simulation considers the case of an upward-sloping term
structure of true average spreads. Suppose that:

•
•

•

The average observed spread on 1 year AAA bonds is 1%, with actual spreads evenly
distributed around 1%.
The average observed spread on 1 year BBB bonds is 3%, with actual spreads evenly
distributed around 3%. Note that the average spread on 1-year BBB is three times
that on 1-year AAA bonds.
The average observed spread on 10 year AAA bonds is 1.5%, with actual spreads
evenly distributed around 1.5%.
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•

The average observed spread on 10 year BBB bonds is 4.5%, with actual spreads
evenly distributed around 4.5%. Note that the average spread on 10-year BBB is also
three times that on 1-year AAA bonds.

True
Spread

4.5%
3%

1%

1.5%

1 year

10 years

In the absence of the penalties in the CBASpectrum estimation procedure, the estimated
parameters values would be X = 1%, Y = 1.5% and R = 3; i.e., in the absence of the penalties
the CBASpectrum procedure will in this setting produce fair value yield estimates that are
unbiased.
In the presence of the penalties in the CBASpectrum estimation procedure, the
CBASpectrum estimation procedure applied to this dataset will produce the following
estimates of credit spreads:
X =
Y =
R =

1.0511%
1.4833%
2.778186

= estimated spread on 1 year AAA bonds.
= estimated spread on 10 year AAA bonds.
= estimated ratio of BBB spreads to AAA spreads.

# of
Observations
AAA 1
AAA 10
BBB 1
BBB 10

100
50
50
5

True
Average
Spread
1.00%
1.50%
3.00%
4.50%

Estimated
Spread

Difference

1.051%
1.483%
2.920%
4.121%

-0.051%
0.017%
0.080%
0.379%

Averaged across all observations, the average value of the Spread to CBA Spectrum is
0.008% (i.e., 0.8 basis points) in this analysis with an upward-sloping term structure of credit
spreads.
Finally, all also for completeness, we consider the case of a downward-sloping term
structure of true average spreads. Suppose that:
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•
•

•
•

The average observed spread on 1 year AAA bonds is 1%, with actual spreads evenly
distributed around 1%.
The average observed spread on 1 year BBB bonds is 3%, with actual spreads evenly
distributed around 3%. Note that the average spread on 1-year BBB is three times
that on 1-year AAA bonds.
The average observed spread on 10 year AAA bonds is 0.5%, with actual spreads
evenly distributed around 0.5%.
The average observed spread on 10 year BBB bonds is 1.5%, with actual spreads
evenly distributed around 1.5%. Note that the average spread on 10-year BBB is also
three times that on 1-year AAA bonds.

True
Spread
3%
1.5%
1%
0.5%
1 year

10 years

In the absence of the penalties in the CBASpectrum estimation procedure, the estimated
parameters values would be X = 1%, Y = 0.5% and R = 3; i.e., in the absence of the penalties
the CBASpectrum procedure will in this setting produce fair value yield estimates that are
unbiased.

In the presence of the penalties in the CBASpectrum estimation procedure, the
CBASpectrum estimation technique applied to this dataset produces the following estimates
of credit spreads:
X =
Y =
R =

1.02%
0.4869%
2.878981

= estimated spread on 1 year AAA bonds.
= estimated spread on 10 year AAA bonds.
= estimated ratio of BBB spread to AAA spread.

# of
Observations
AAA 1
AAA 10
BBB 1
BBB 10

Confidential

100
50
50
5

True
Average
Spread
1.00%
0.50%
3.00%
1.50%

Estimated
Spread

Difference

1.020%
0.487%
2.937%
1.402%

-0.020%
0.013%
0.063%
0.098%
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Averaged across all observations, the average value of the Spread to CBA Spectrum is
0.011% (i.e., 1.1 basis points) in this analysis with an upward-sloping term structure of credit
spreads.
Conclusion
Whether the term structure of true average spreads is flat, upward-sloping or downwardsloping, when we consider a distribution of observations on each rating/maturity class like
the empirical distribution across ratings/maturity classes in the CBASpectrum database, the
following results hold:
i)

CBASpectrum estimated spreads are, on average, less than actual spreads.

ii) For a given rating, the excess of actual spreads over CBASpectrum estimated spreads
is larger for longer maturity bonds than for shorter maturity bonds.
iii) For a given maturity, the excess of actual spreads over CBASpectrum estimated
spreads is larger for lower quality bonds than for higher quality bonds.
iv) The excess of actual spreads over CBASpectrum estimated spreads is largest for
long dated, low rated bonds.
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APPENDIX B
Estimating Credit Spreads on Long Term, Low Rated Bonds

A Report by
Kevin Davis12
September 27, 2005

1.

In preparing this report, I have had access to a document entitled “Spectrum Re-Built
Analytics”

2.

The purpose of this report is to assess whether the CBA Spectrum approach to
estimating fair yield spreads leads to a downward bias in the estimated “fair”
spreads for long term (10 year) lower rated (A- or less) corporate bonds.

3.

This report does not make any judgment on the general merits of the CBA Spectrum
approach for the more general purpose (for which the fair spread estimates are likely
to be primarily used) of estimating spreads for bonds at the shorter end of the yield
curve. I note that the approach used is adopted as a method of overcoming
estimation problems which arise because of the sparseness of observations of
corporate bonds of various ratings and maturities. I do not have access to the CBA
Spectrum database, and thus cannot address issues such as the number of corporate
bonds of various maturities used in the estimation process, nor assess claims about
the relationship between fitted and observed spreads.

4.

I conclude that: There is a substantive argument that CBASpectrum's estimation
technique creates a material downward bias in estimates of "fair spread" for
long dated and low rated bonds

12

Kevin Davis is a Professor of Finance in the Department of Finance, Faculty of Economics and Commerce, The
University of Melbourne. This report has been prepared in my capacity as an independent consultant and does not
reflect the views of my employer.
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The CBA Spectrum Estimation Method
5.

The documentation of the CBA Spectrum estimation method provided (entitled
“Spectrum Re-Built Analytics”) contains relatively little by way of explanation of the
relationship between the code provided and underlying yield curve modeling and
requires the reader to use some judgment in interpretation.

6.

It is, however, clear that the approach involves several steps. First, a yield curve for
CGS (Commonwealth Government Bonds) is estimated by applying the NelsonSiegel formula for estimated (fitted) yields and minimizing the sum of squared
differences between observed and estimated yields. Second, a “fair yield” function is
estimated for corporate bonds of different maturity and ratings. The fair yield on any
particular corporate bond is defined as the estimated CGS yield for the same
maturity plus an estimated spread term (denoted as eg(i) in the documentation
provided) which is modeled as depending on maturity and on rating. The
mathematical form used for this spread term means that it can be written as
involving a function of maturity multiplied by a function of rating.

7.

To estimate the spread terms for all corporate bonds, the approach adopted is to
minimize a function which equals the sum of three components. The first component
(a) is the sum of squared differences between actual and estimated corporate yields.
The second component (b) is the squared difference between the estimated yields on
Government and BBB- bonds of one year maturity. The third component (c) is the
sum of squared estimated differences in yields between successive ratings categories
for bonds of ten year maturity.

8.

The first component (a) is a standard term. Used in isolation, the result would be a
“best fit” between estimated and actual yields based on the criteria of minimizing the
sum of squared differences. The latter two components can be interpreted as
“penalty functions” which are included, presumably, to influence the estimated
results in a fashion consistent with some undefined objective. They may be needed to
offset unwanted effects on estimated values arising from the specific functional form
assumed for the estimated spread term. Use of such an approach appears necessary
because the small number of corporate bonds in various ratings / maturity
groupings makes direct estimation of a fair spread for each grouping infeasible.
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9.

The second component (b) has the effect of reducing (ie biasing downwards) the
estimated spread for BBB- bonds of one year maturity, and the approach can be
interpreted as introducing into the estimation process an additional “phantom” BBBone year maturity bond with a zero spread over the government yield curve. The
third component (c) will have the effect of biasing downwards the estimated yield on
low rated 10 year corporate bonds (ie giving estimated spreads which are below
those which would be calculated if there were sufficient observations in that
grouping to enable the spread to be estimated directly). It can be interpreted as
involving the introduction of “phantom” bonds with particular spread characteristics
into the estimation process. The complexity of the CBA Spectrum analytics makes
mathematical proof of the bias a complicated exercise, but it can be relatively easily
demonstrated in a simplified case. This is done in the appendix to this report, where
it is shown that the bias will be larger when there are relatively small numbers of
bonds in the long term, low rating category.

10.

Conclusions:

•

There is a substantive argument that CBASpectrum's estimation technique
creates a material downward bias in estimates of "fair spread" for long
dated and low rated bonds.
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Appendix: A simplified example
This appendix provides a mathematical demonstration of how, in a simple example, a
minimization process involving “penalty functions” such as that used in CBA Spectrum can
lead to biased estimates of spreads on long dated low rated bonds. Note that in the CBA

ˆ 1B are functions involving six
Spectrum approach, the estimated spread terms such as m
parameters, and the estimation process involves minimizing with respect to those

ˆ 1B etc. to keep
parameters. Here, the minimization is done directly using the spread terms m
the mathematics tractable.
Let the return on corporate bond i be denoted by ri and expressed as:
ri = gi + mi
where gi is the yield on a government bond of the same maturity and mi is the observed
spread for bond i.
Suppose there are:
n1 corporate bonds of B rating, 1 year maturity - spreads denoted by mB,i1, i=1…n1.
n2 corporate bonds of A rating, 1 year maturity- spreads denoted by mA,i1, i=1…n2.
n3 corporate bonds of B rating, 10 year maturity- spreads denoted by mB,i10, i=1…n3.
n4 corporate bonds of A rating, 10 year maturity- spreads denoted by mA,i10, i=1…n4.
The CBA Spectrum approach for this simplified example involves choosing a spread value

ˆ 1B ; mˆ 1A ; mˆ 10
ˆ 10
for each group m
B ; m A to minimize
n1

n2

n3

n4

i =1

i =1

10
ˆ 10 2
ˆ 10 2
L = ∑ (m1B ,i − mˆ 1B ) 2 + ∑ (m1A,i − mˆ 1A ) 2 + ∑ (m10
B ,i − m B ) + ∑ ( m A ,i − m A )
i =1

i =1

+ (mˆ ) + (mˆ ) + (mˆ
1 2
B

10 2
A

10
B

− mˆ )

10 2
A

ˆ 1B ; mˆ 1A ; mˆ 10
ˆ 10
Minimizing L with respect to m
B ; m A gives:
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n1
∂L
=
−
2
(m1B ,i − mˆ 1B ) + 2mˆ 1B = 0
∑
1
∂mˆ B
i =1
n2
∂L
=
−
2
(m1A,i − mˆ 1A ) = 0
∑
1
∂mˆ A
i =1
n3
∂L
ˆ 10
ˆ 10 ˆ 10
=
−
2
(m10
∑
B ,i − m B ) + 2( m B − m A ) = 0
10
∂mˆ B
i =1
n4
∂L
ˆ 10
ˆ 10
ˆ 10 ˆ 10
=
−
2
(m10
∑
A,i − m A ) + 2 m A − 2( m B − m A ) = 0
10
∂mˆ A
i =1

Rewriting these equations and using mean notation m as appropriate gives
n2

mˆ 1A = ∑ m1A,i /( n2 ) = m A1
i =1
n1

mˆ 1B = ∑ m1B ,i /( n1 + 1) = m B1 (n1 /(n1 + 1))
i =1

10
ˆ 10
(n3 + 1)mˆ 10
B − m A = n3 m B
10
ˆ 10
(n4 + 2)mˆ 10
A − m B = n4 m A

It can be seen from the first two equations that

•
•

mˆ 1B is biased downwards
mˆ 1A is unaffected.

ˆ 10
Solving the latter two equations for m
B gives;
10
mˆ 10
B = mB −

n4 (m B10 − m A10 ) + m B10
< m B10
n3 n 4 + n 4 + 2 n3 + 1

•

10
mˆ 10
B is biased downwards relative to mB .
ˆ 10
It can be seen that the downward bias in m
B depends upon the number of corporate bonds

in the 10 year category (n3 and n4).

If there are many bonds then the bias will be small (since the term in the denominator
involving n3n4 will be very large). The effect of the “penalty function” represented by the last
two terms of the minimization in this case tends to be to equalize the differences between
the spreads on bonds of successive ratings categories, without significantly affecting the
estimated spread for the lowest rated bond.
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ˆ 10
If there are few bonds in this category, the bias will be larger (and in the limit m
B would
approach 0 as the number of bonds in the ten year category approach zero). The effect of the
“penalty function” represented by the last two terms of the minimization in this case tends
to be to reduce the estimated spread for the lowest rated bond.
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APPENDIX 3:
The Value of Imputation Credits for Regulatory Purposes

The Value of Imputation Credits
for Regulatory Purposes
1

1

Envestra wishes to thank Dr Steven Bishop for support in preparing this paper

1

Introduction

The value of imputation credits and its application to the regulatory framework is a contentious
issue. Estimates of the value of imputation credits vary widely between zero and potentially full
face value, however there are not many instances of a value of 1 being advanced in the
regulatory, research or practitioner context. Historically, regulators have tended to place a
value on imputation credits (gamma) equal to 0.5, with some suggesting that a more
appropriate value should be closer to 1.02.
Clearly, the view adopted by regulators on the value of imputation tax credits when setting
maximum prices will impact the return to investors in a regulated business. Incorrectly valuing
imputation credits can distort the availability of capital, pricing, demand, the level of investment
in infrastructure assets and behaviour of the regulated businesses.3
The objective of this paper is to derive a plausible range for the value of gamma for use in
setting Reference Tariffs. The plausible range value has been derived from a comprehensive
review of:
•
•
•
•
•
•

Academic and practitioner research;
Economic theory;
Regulatory determination documents;
Utility company tax and franked dividend statistics;
Analysis of Australia Tax Office (“ATO”) and Australian Bureau of Statistics (“ABS”)
data;
The context of tax reforms that were implemented in conjunction with dividend
imputation.

One component of Envestra’s analysis examines utility company data as well as ATO and ABS
data to form a view on the value of imputation credits using recognition that the relevant value
for ESCOSA is a function of:
a) The proportion of imputation credits distributed by the firm;
b) The value to investors when redeemed;
c) The time delay between when tax is assumed to be paid by the regulated business and
the time the resulting FTCs are redeemed by investors.
This analysis places the most likely marginal value for utility sector investors at zero, with a
possible value around 21% if the marginal investor is a domestic taxpaying investor, and an
average value for the capital market in the range 0 to 35%.
The key findings of our analysis are:
•
The relevant cost of capital is determined by the risk profile of the regulated business
rather than the taxation regime that affects the return available to investors
•
Any value placed on FTCs should be adjusted in the effective tax rate applied to
valuing businesses or assessing a pre-tax revenue requirement in a regulatory
environment,
ACCC, Queensland Transmission Network Revenue Cap: Draft Decision, 18 July 2001, pp17
is for reasons such as these that the productivity commission formed a view that it is better to err on the side of
higher prices than discouraging investment in these vital infrastructure assets.
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•

•
•
•

Historical analysis of the value of gamma for the gas and electricity sector suggests the
upper end of the range is 0.29 if the domestic taxpaying investor is the marginal
investor. Envestra believes that this assumption is implausible based on the weight of
capital invested in the sector, therefore the value of gamma is most likely below 0.29;
The most recent empirical drop-off based research places the average value of gamma
at 0.35. This updates the 0.5 value used in prior regulatory price determinations;
More recent research finds that the value of gamma has fallen to zero for the marginal
investor since regulations have made trading in FTCs too costly;
Assessment of the average value of gamma from ATO and ABS data suggests a value
of 0.19.

The weight of evidence supports a value of gamma of zero for regulatory purposes.
Envestra supports this position. There is a potential of 0.21 in the unlikely event that the
marginal investor is a domestic taxpaying investor and 0.35 based on average investor
analysis. Hence, the value of gamma at 0.5 is too high and not supported by the evidence
available. This paper has been structured to present the evidence used in support of these
key findings.
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2

Setting

The imputation system (introduced on 1st July 1987) was intended to remove the tax bias
against equity income and place it on the same tax footing as debt income. In this way,
imputation would remove the double taxation of dividend income under a classical tax system
(once at the corporate level then again at the personal level).
This has been argued as leading to corporate tax being a mixture of both personal and
corporate tax collection – the former if the tax is rebated against personal tax, the latter if not.4
If all corporate tax was rebated against personal tax then it would be ‘as if’ no corporate tax
existed, only personal tax. In this unusual case, the effective corporate tax rate would be zero.
Since not all investors can access the franking tax credits (“FTCs”) e.g. foreign investors. the
effective corporate tax rate will, on average, lie between zero and the statutory rate, or perhaps
above it if the effective tax on capital in inflationary environment is considered.
Since then, the Australian system has been modified in a number of ways, including:
•
a capital gains tax introduced in 1985 allegedly to remove a bias in favour of capital
gains;
•
a corporate tax on superannuation funds introduced from 1st July, 1988 to enable them
to use FTCs and remove any disincentive to invest in companies paying imputation
benefits;
•
introduction of a 45 holding period around the distribution of FTCs in 1997 which
imposes additional ‘cost’ on trading in credits;
•
a move to a rebate rather than tax credit system in 2002 which enables domestic tax
exempt and low taxed payers to now fully access FTCs.
An outcome of the imputation system is a differential effect across some shareholder groups.
The ‘beneficiaries are, in the broad, individuals and superannuation funds whereas foreign
investors and tax-exempt shareholders (historically) did not gain directly from the change. As a
result, the dollar return these different shareholders groups earn after taxes can differ and the
rate of return on investment may also vary if one group sets the value. For example, Australian
Resident Personal Taxpaying Shareholders (“ARPTS’) will earn a higher rate of return if
overseas investors set the prices based on no benefit from the FTCs - ARTPS may enjoy a tax
induced ‘consumer surplus’- whereas overseas investors may not earn the cost of capital if the
value of the company is set by ARPTS. Given overseas investors have choices for their
investment we would expect to see them withdraw from Australian assets to invest elsewhere
where they are able to earn at least their cost of capital.
A challenge facing valuers, researchers and regulators is to understand how (or whether)
imputation tax affects value, returns, effective tax and possibly the cost of capital. Since
ESCOSA is proposing to set regulatory maximum regulated prices to ensure investors earn
their cost of capital once all costs, including effective taxation, is covered both Envestra and
ESCOSA have an interest in the quantifying impact of the imputation system.

4

For example Officer 1984
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3

Impact of Imputation Tax System

The impact of changing to an imputation tax system on regulatory pricing considerations is best
analysed by the impact on the effective corporate tax rate. This is usually implemented by
making an adjustment to the statutory rate of the form:
te = tc(1-γ)
where te is the effective rate, tc the statutory rate and γ is that part of company tax that
is a prepayment of personal tax for the marginal investor in the business.
As noted previously, Envestra believe that the appropriate value for gamma is zero based on
empirical research and commercial practice. The sections below set out the reasons why this
is the case, by examining the impact of imputation tax on:
•
The cost of debt and equity;
•
The returns available to different shareholder groups; and
•
The valuation of these credits in the market place.
3.1

Impact on Cost of Debt and Equity

Envestra believes that:
•
the underlying cost of debt and equity (required rates of return) are not directly affected
by corporate tax under the models typically used be regulators to estimate these;
•
the cost of capital is not affected by ownership of the assets – it is varies according to
the underlying risk of the assets so in this sense consideration of imputation taxes is
not about these costs; and
•
imputation tax benefits affect the return available to investors rather than the cost of
capital. As noted earlier, the effective corporate tax rate, from an imputation
perspective, can differ across shareholder groups according to whether they can use
FTCs to reduce personal tax.
An accepted principal of regulatory pricing is that maximum prices should be determined to
enable investors to earn a return on capital in addition to a return of capital over and above
meeting operating costs and taxes. There a numerous mixes of the description of the cost of
capital and the description of the cash flows that avoid double counting of costs and returns on
the one hand and ensure to all costs are ‘covered’ on the other hand. An essential principle is
to ensure consistency between these definitions5.
Regulators in Australia use the after corporate, but before personal, tax version of the capital
asset pricing model to estimate the cost of equity capital. This model presents the cost of
equity capital as a function of the risk of the underlying asset relative to market risk (influenced
by leverage), the risk free rate and the market risk premium. It does not have an explicit tax
term in it.6
Additionally, the convention has been to use a weighted average cost of capital to apply to a
regulatory asset base to arrive at a ‘required return on assets’ component of the building block
to maximum revenue. Consistency requires the underlying required rate of return to include
5 Officer (1984) describes 5 consistent approaches under a perpetuity assumption.
6 There are after personal tax versions of the CAPM. For example see Brennan (1970), Ashton (1989),
Monkhouse (1993).
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both the return debt-holders and equity holders require since the assets are viewed as being
funded by debt and equity.
A tax term sometimes appears in the WACC because the treatment of taxes in the allowance
for corporate tax in the cash flows differs from actual taxes. For example, the use of a (1-tc)
term, where tc is the corporate tax rate, prior to the cost of debt in the WACC is there to
‘correct’ the fact that taxes are estimated based on an EBIT concept rather than an after
interest assessable income concept i.e. the tax deductibility of interest is not reflected in the tax
calculation. The tax term in the WACC formulation is a consequence of the consistency
principle rather than a model of rate of return determination (e.g. CAPM). An alternative
treatment of taxes will lead to an alternative but consistent ‘definition’ of the WACC.
None of the alternative treatments of corporate tax affect the cost of equity given by the CAPM
or the cost of debt, just adjustments to these to derive a consistently defined WACC.
It is in this sense that we argue the cost of capital (debt and equity) is not an explicit function of
corporate tax rates. Tax adjustments affect the way the WACC and cash needs are defined to
ensure consistent treatment. Tax adjustments are made at the effective tax rate and therefore
it is the impact of imputation tax on the effective tax rate that is important to understand.
This view, although perhaps subtle, is important when analysing the impact of imputation tax on
the building block components and revenue setting.
3.2

Impact of imputation taxes on returns

FTCs are not redeemable by all investors, the imputation tax system affects the return available
to investors differentially. ARPTS can redeem the FTCs, consequently the return to them from
investment in a tax paying company will be higher than the return to those who cannot redeem
them, notably foreign investors. It is ‘as if’ the effective tax for ARPTS is lower than for foreign
investors.
Also, as noted elsewhere, foreign investors could obtain some value from the FTCs if they were
able to ‘sell’ them to ARPTS in some manner. Officer (1988) noted that offshore investors
appeared to be able to trade in FTCs thereby enabling them to experience a lower effective
corporate tax rate for Australian companies they chose to invest in. Cannavan, Finn, and Gray
(2004) find that the introduction of the 45 day holding rule has now made this too costly and
offshore investors no longer access these credits.
The important question therefore is to address the effective corporate tax rate from an
imputation perspective7 and how to incorporate this into the building block approach. Is it near
the statutory rate or lower?
The question can only be answered from a market perspective with knowledge of which group
sets prices and or, from a regulatory perspective, in which group of taxpayers’ interests the
regulator chooses to determine the effective tax rate.

7 The effective tax rate can differ from the statutory rate for many reasons other than because of imputation taxes
e.g. carry forward losses, interest deductions.
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3.3

Impact of Imputation Tax on Valuation

As noted above, ARPTS have access to a component of return from investing in shares that
generate Australian taxable income that is not available to foreign investors. They enjoy a mix
of dividend, capital gain and FTCs whereas foreign investors do not enjoy the FTCs.
A higher value of shares would be expected if ARPTS set prices and / or if foreign investors
can trade the benefits (either though transaction based activity or subsequent sale of shares)
than if the price setter (marginal investor) was the overseas investor.
It is not clear whether the tax induced higher return drives a higher valuation or leads to a value
based on the dividend and capital gain (dividends over the long term) or just leads to tax based
clienteles of shareholdings i.e. ARPTS are attracted to companies that pay FTCs whereas
foreign investors would be indifferent to them (if there is no value effect).
The clientele argument suggests there is no value effect of imputation tax, just an attraction of
different investor groups to company’s that best match their dividend, franking and capital gain
needs. Here, ARPTS earn a higher rate of return (like a consumer surplus) than foreign
investors but the value is set by foreign investors. The effective tax rate, from an imputation
perspective, is therefore equal to the statutory rate i.e. gamma = 0. In this case regulatory
pricing should use the statutory tax rate to either gross up a post tax WACC to a pre tax WACC
or to include statutory tax rate based taxation as a cash cost that prices need to cover.
3.4

Marginal Investor

Arguments have been advanced that the marginal investor is usually a foreign investor and
therefore gamma is zero and the effective tax rate from an imputation tax perspective is the
statutory rate. Evidence consistent with this argument includes:
•

•

•

•

Approximately 25% of shares in Australia are owned by ‘the rest of the world8 ,
suggesting that these investors must be earning at least their cost of capital or they
would have invested elsewhere (they wouldn’t earn the cost of capital on investment if
ARPTS were setting the prices of these shares and foreign investors could not trade in
FTCs). Foreign ownership in the regulated gas and electricity sector is higher than the
average and recent transactions suggest they are the marginal investors in this sector
in particular9;
There is extensive evidence that a lack of domestic capital necessitates foreign
investment, which in turn requires companies to return foreign investors at least their
cost of capital. ARPTS investors therefore invest up to their funds available, with
additional investment by foreigners setting the price as the marginal investors;
The Hathaway & Officer findings of a positive value of gamma (but much less than 1)
on average across companies is consistent with a mix of marginal investors setting
prices across companies or sectors – some that explicitly value FTCs and others that
don’t;
The Cannavan, Finn and Gray (2004) finding that the ‘market’ value of FTCs fell to
zero after the introduction of the 45 day holding rule thus foreign investors could not

8 ABS Data 26.15 Equity Market (a), Amounts on issue - 30 June
9 This may mean that these investors are able to extract synergies with their other operations that more than offset
the negative impact of regulators setting a positive gamma. These synergies may ultimately come through in
lower Australian operating costs, therefore will ultimately lead to lower prices arsing through the building block
approach.
Envestra Ltd

Page 7 of 24

September 2005

•

•

4

gain from trading FTCs and this is consistent with foreign investors being the marginal
investor in large Australian firms. In their words “. . . we interpret our results as
suggesting that after the 45 day rule, one dollar of imputation tax credits is worthless
in the hands of a (marginal) foreign investor.” This is additionally significant because
most academic empirical evidence available that finds a positive valuation effect from
FTCs pre-dates this research;
Commercial practice appears not to ascribe any value to FTCs. Lonergan (2001)
reports that from a survey of 122 independent expert reports only 7 made an explicit
valuation adjustment for imputation credits and, of these, 5 attributed little or zero net
effect on the value. Further, Cannavan et al note “It is common in commercial practice
to ignore the value of imputation credits both when valuing real assets and when
conducting capital budgeting analysis”10; and
Hathaway and Officer (2004) cite evidence of a clientele effect whereby ARPTS are
attracted to companies that pay FTCs as evidenced by ARPTS holding approximately
90% of their stocks as those with franked dividends whereas the supply is well below
this. These clienteles can form without a valuation effect.11

Application to Regulatory Price Setting for Envestra

We note, more than just in passing, that there have been a number of changes to the taxation
system over the time since the imputation system was first mooted but these do not appear to
have entered into the regulatory debate. The debate appears to have focussed on imputation
tax but not capital gains tax, which is also a basis of differential taxation between debt and
equity. Nor has it recognised that superannuation funds are now taxed when they were not
before the introduction of the system – this means they have been disadvantaged by the
system, especially as it appears they are now net tax payers even after allowing for FTCs (see
below). If the regulatory price setting process is to adjust for one change (viz. imputation tax),
then why not others? Nevertheless we focus on the imputation changes but refer to other
changes when we look at gamma for the ‘average’ investor later.
Any adjustment for imputation tax is an adjustment to the statutory tax rate. This may be an
adjustment to, not of, the cost of capital or to building block cash flows. Typically the
adjustment is referred to as a ‘gamma’ adjustment such that:
Effective tax rate = statutory tax rate *(1-γ)
where γ is the value between 1 and zero reflecting the value of a franking tax
credit as described earlier.
The adjustment to the taxation rate, gamma, (γ) has been defined as:

γ=(fxω)
where f is the fraction of current Australian Tax that the firm distributes
(distribution rate), and ω is the value of imputation credits to the marginal in

10 p 174
11 Also see Bellamy (1994). The clientele argument, with no value effect, was presented by Modigliani and Miller
(1961)
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investor expressed as a percentage of the credit’s value to shareholders
(utilisation or redemption value).12
For regulatory purposes, Envestra believes that the utilisation or redemption value should be
estimated at the time the tax adjustment is incorporated in building block estimation process,
not when it is redeemed. Since recognising imputation is about effective tax rate, then
regulatory adjustments should involve estimating gamma for the ‘notional benchmark entity’.
This position is supported by academic research as follows:
“the [drop-off] estimation approach assumes that the value of tax credits does not vary
over the sample period and is constant across companies in the sample. Wood (1995)
makes this point and argues that both assumptions may be invalid” Cannavan, Finn &
Gray p175
“Because different firms have different stockholder bases, an analysis of the average
firm is of limited use” Cannavan, Finn & Gray p 192
A different payout ratio and a different shareholder tax status would be obvious reasons
for deviations from the average [value of gamma]” Officer and Hathaway (2004) p8
It is a difficult challenge to empirically determine a gamma for a company. Hathaway and
Officer, for example, found too much noise to measure it at this individual company or sector
level and for this reason they estimated ω for all firms in the first instance in their stepwise
estimation of gamma. Some evidence is presented at a sector level but in their words:
“Effectively, company tax is substantially less than the statutory rate, now 30%, and
much closer to an effective rate of now 19-21%. It must be emphasised that these are
Australia-wide average results and market sectors or individual companies may
experience substantial variations from the average. A different payout ratio and a
different shareholder tax status would be obvious reasons for a deviation from the
average” p8
The Officer and Hathaway average value for gamma (0.35 in the latest update, 2004) appears
to have led many (including regulatory authorities) to focus on the average rather than marginal
investor – probably because the data was available. While an average rate can be estimated,
it is a weighed average of 0 for those that cannot redeem and possibly 1 (less at the time
corporate tax is paid because of the time delay at redemption) for those that can. It is not a
meaningful number for valuing anything other than the average investment (whatever that is!).
Equally it is not meaningful for establishing building block revenue for a specific sector because
of the reasons described above.
The building block approach should provide investors in the regulated gas and electricity
distribution sector with the return required to encourage investment in that sector i.e. it is sector
specific and not related to an average Australian investor that does not set any prices.
Based on our review of the literature and evidence presented plus transactions and ownership
in the regulated utility sector, Envestra considers that the relevant marginal investor is foreign
12 Brealey R, Myers S, Partington G, Robinson D (2000) Principles of Corporate Finance, 1st Australian edition,
McGraw-Hill Australia, pp 585-586. Also see Officer and Hathaway (2004)
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i.e. ω is zero, and that therefore γ is zero. Thus Envestra is of the view that believes that no
value should be ascribed to imputation tax credits in the establishment of maximum regulated
prices. This outcome is reinforced by further analysis below which pursues the value of
component of gamma in the gas and electricity sector i.e. it examines values for f and ω in:

γ=(fxω)
4.1

Value of f

Australian corporate tax paid represents the maximum amount of FTCs that can be distributed
to shareholders as an ‘attachment’ to dividends. The FTCs attach to franked dividends. Data
is available for listed utility companies engaged in regulated business that enable an estimate
of f for a ‘typical’ company in this sector. This presented in Table 1.
Our analysis finds f to be 39% for such companies over the five year period 2000 to 2004 and
therefore the value to apply going forward.
As can be seen in Table 1, the percentage of franked dividends paid in listed utility companies
in regulated gas and electricity businesses is low. The cumulative franked dividends paid from
2000 to 2004 was 52% of total dividends. Further the percentage of credits distributed of total
tax paid (available for distribution) was 39%13. This number is in sharp contrast to the
Hathaway and Officer (2004) overall company average of 71%.
Table 1: Franking tax credits distributed as a percentage of tax paid gas and electricity DBs
Tax Expense
Dividends
Franked Dividends
Franking %
Implied FTC Distributed
FTC Distributed / Tax Expense

4.2

2000
191,895,000
443,802,000
121,177,800
27%
68,162,513
36%

2001
208,149,000
330,640,000
200,201,736
61%
103,134,228
50%

2002
245,997,000
375,953,000
259,689,166
69%
111,295,357
45%

2003
302,687,000
503,020,000
221,520,000
44%
94,937,143
31%

2004
399,411,000
551,956,000
354,310,088
64%
151,847,181
38%

Cumulative
1,348,139,000
2,205,371,000
1,156,898,790
52%
529,376,420
39%

Value of ω

It has been argued that the redemption value of $1 imputation credit is worth $1 to investors
who can benefit from the tax rebate. This is likely to be true at the time the investor ‘receives’
the cash flow benefit i.e. when a personal tax payment transaction occurs, however this is
some time after the company pays the tax ‘on behalf’ such an investor.
This time delay between tax being paid on behalf of shareholders and the cash benefit taking
effect represents loss in value due to the time value of money, therefore it is not worth $1 at the
time it is paid. Hathaway and Officer recognise that their drop off analysis give a value at
distribution rather than redemption therefore the former will be lower than the latter given the
time delay. It will be even lower at payment of corporate tax as this precedes distribution. The
differential is further reduced because not all company earnings are distributed in the year
earned. The non-distributed FTC’s sit in a franking account (cash with the Government) until
distributed – which can be well into the future. “It is a wasting asset since it is unlikely to be
earning its opportunity cost of capital in the hands of the tax authorities” (paraphrased from
Hathaway and Officer).

13 Companies included in the analysis were; AGL, Alinta, Australian Pipelines Trust, United Energy (until sale),
Origin Energy. Envestra, GasNet Australia. Data from Aspect Huntley
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Since ESCOSA is considering prices based on the time cash flows occur at company level,
then Envestra believes the appropriate redemption value is the present value of $1 as at this
time, rather than the full $1. Envestra’s conservative estimate is $0.75 for $1 redemption value
if ARPTS were seen to be marginal price setters14. It would, therefore, be 0 for investors who
cannot redeem the FTCs.
4.3

Value of gamma

There are several gammas that can be derived from gas and electricity regulated business data
(see table below), Envestra believes that the relevant gamma is that for the marginal investor in
the notional regulated utility sector.
Table 2: Possible Values for derived gamma for regulated utility sector
Type
f
gamma
ω
Sector
foreign

marginal

investor

0.39

0

0

Sector
ARPTS

marginal

investor

0.39

0.75

0.29

Average investor in Sector

0.39

?

Average investor in Australia

0.71

0.5

0.35

0.71

0.27

0.19

Large company

Regulatory Practice

0.6

Most likely case
Unlikely given recent
transactions
Data not readily available
but average investor no
relevant

0

0.8

Comment

0.5

Hathaway & Officer but not
applicable
Envestra assessment
using ATO & ABS data
Cannavan, Finn & Gray
finding since trading in
FTC uneconomic due to
regulatory change
Assumed based on early
Hathaway & Officer paper

* based on share ownership – conservative about foreign ownership (17.5% at 0, 82.5% at 0.75)

Our view that the marginal investor in the regulated utility sector is foreign investors unable to
utilise FTCs is based on past and more recent transactions in the sector . These transactions
include15:
•

Investment by International Power in:

14 Assumes PV at end December, 60% of profit paid as dividend in Dec & June quarter of following year, 60% of
remaining paid in similar quarters a year later, balance paid in similar quarters one year later, beta of 1, MRP of
6% and rf of 5.2%.
15 Source: The Age 13 August 2005
Envestra Ltd

Page 11 of 24

September 2005

•
•
•

•

o Hazelwood Power
o Loy Yang B
o Valley Power
o SEAGas Pipeline
Stake held by Tokyo Electric Power in:
o Loy Yang A
Investment by Singapore Power in:
o TXU’s distribution assets
Purchase by China Light and Power of:
o PowerNet
o Yallourn Energy
o TRU retail
Investment by Cheung Kong Infrastructure in:
o CitiPower distribution
o Powercor distribution
o Envestra

As a consequence there is substantial offshore investment in the regulated industry which is
consistent with businesses being valued by these investors who do not value FTCs.
As noted above, recent academic research places gamma for large companies at zero since
the restriction of trading in credits and our view of gamma at zero is in line with that evidence.
Envestra does not accept an average investor view of the value of gamma, consistent with the
view expressed by Cannavan, Finn and Gray:
“Because different firms have different stockholder bases, an analysis of the average
firm is of limited use.” p192
Nevertheless it notes that there is a focus on this in regulatory determinations e.g. ESC. The
most widely accepted gamma value in historical regulatory decisions is 0.5, which is consistent
with average value quoted from Officer and Hathaway ‘early’ research. This average in most
recent research is 0.35 by these authors and they expect it to fall further. The Cannavan, Finn
and Gray study do not provide an average gamma but provide evidence that the marginal value
for large firms is zero. The authors argue their research is freer of the measurement
challenges the drop-off approach takes. Given the uncertainty around the appropriate value of
gamma, taking a simple mid-point of the range 0 – 0.35 may be reasonable. On this ground, a
gamma of 0.18 is a reasonable compromise.

5

Australian Average Gamma Analysis

Given the propensity for regulatory authorities to use an Australian average based assessment
of gamma, Envestra has undertaken some research into its possible value using ATO and ABS
data. It found a value in the range 0.11 to 0.5, with a mid point of 0.3. As noted, we do not
believe this to be a useful number but if such an average value for gamma is to be used it then
it should be 0.3 rather than 0.5. This means the effective tax rate that reflects this will be 21%.
This is similar to Officer and Hathaway who find the effective tax rate to be 19-21% using a
combination of drop-off analysis for the redemption rate and analysis of ATO tax statistics for
the proportion of tax paid that is distributed as FTC along with dividends.
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While the analysis presented earlier examined the components of gamma for the regulated gas
and electricity sector, this section examines the same components but at an Australian market
level. That is, it examines the following relationship:

γ=(fxω)
where f is the fraction of current Australian Tax that the firm distributes
(distribution rate), and ω is the value of imputation credits to the marginal in
investor expressed as a percentage of the credit’s value to shareholders
(utilisation or redemption value).16
The fraction of current imputation credits that the average firm distributes is largely an empirical
issue. To ascertain the fraction of current imputation credits that the average firm distributes (f)
it is necessary to take account of:
i) the legal and commercial limitations placed on corporations paying out all imputation
credits created each year,
ii) the historical dividend payout ratios;
iii) Australian Taxation Office data; and then
iv) Derive a value for f for the Australian market.
5.1

Legal and Commercial Aspects to the Distribution of Imputation Credits

In the absence of timing differences between recognition of profit and derivation of taxable
income, a firm must pay out 100 percent of its after tax profits, in order to distribute all of the
associated imputation credits. However, there are limitations to how much profit a firm can pay
to shareholders in the form of dividends. These limitations are imposed by:
Corporations Law
The payment of dividends is only permitted from (i) current year profits, and/or (ii)
retained earnings;
The profit retention/dividend policies adopted by the firm
Such policies are adopted to enable reinvestment of earnings, or to facilitate dividend
maintenance during periods of earnings volatility, and
Liquidity requirements
Cash flow constraints may not allow management to authorise the distribution of the
full amount reported as profit/earnings amount as a cash dividend payment to
shareholders.
The consequence of not distributing 100 percent of earnings is that not all imputation credits
generated by the firm will be distributed to shareholders each year. Moreover, due to the
existence of timing differences (for example in the recognition of book depreciation compared
with tax depreciation) it is likely that profits will be earned at a faster rate initially than tax credits
will be ‘booked’ in the franking account. This will occur when a firm is operating on the lefthand side of the S – curve17.
16 Brealey R, Myers S, Partington G, Robinson D (2000) Principles of Corporate Finance, 1st Australian edition,
McGraw-Hill Australia, pp 585-586. Also see Officer and Hathaway (2004)
17 The S-curve is created when businesses benefit from large tax depreciation allowances. Businesses
accessing these allowances would pay little or no tax during their first few years of operation, with tax payments
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Figure 1: S – Curve: actual tax rate compared with statutory rate
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This could results in profits being available for distribution before taxable income generates
sufficient imputation credits if the company pays out all income in dividends. In early years,
dividends are therefore likely to be un-franked or partly franked. Over time the timing
differences reverse, but because in the early years profits have been released through the
payment of dividends, there will be insufficient profit in the future to distribute all imputation
credits. This is further compounded by factors such as profit retention/dividend policy and
liquidity requirements (as noted above).
5.2

Historical Dividend Payout Ratios

It is a demonstrable fact that corporations do not distribute all of their profits, as is evidenced by
the inclusion of retained earnings on most companies’ balance sheets. Over the long term not
all profits, and therefore not all imputation credits, can be distributed. Some opportunity for
further distribution is possible via share buy-backs but not all companies have excess free cash
flow to enable this to happen as evidenced by positive franking account balances – Hathaway
& Officer present ATO data showing the FAB is circa 30% of tax paid representing FTCs that
have not been distributed18. A conclusion therefore is that f is unlikely to have a value of 100
percent.
Figure 1 displays the payout ratio for listed gas and electricity distribution related businesses
over the last 4 years and, with an occasional exception these are much less than 100%. The
rise above 100% is usually driven by a desire to maintain a steady or rising dividend per share
(see Figure 2) and when earnings experience a drop off or there are abnormal items, the
payout ratio can rise above 100%.
Figure 2: Payout ratio for listed gas and electricity distribution related businesses19

rising at an increasing rate then flattening out through time, creating an S-shaped tax payment profile. Source:
Office of the Regulator-General, Access Arrangements for Multinet, Westar and Stratus, Final Decision, October
1998, pp 228
18 Hathaway and Officer (2004) p 11
19 Companies included in the analysis for Figures 2 and 3 were; AGL, Alinta, Australian Pipelines Trust, United
Energy (until sale), Origin Energy. Envestra, GasNet Australia. Data from Aspect Huntley
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Figure 3: Dividend per share for listed gas and electricity distribution related companies
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The average payout ratio for these companies from 2000 to 2004 was 68%.
As noted above, we estimated an f of 0.36 for these companies. This was found by first
multiplying dividends paid by percentage franked to obtain an estimate of franked dividends.
These were multiplied by tc ÷ (1-tc) to assess the implied FTCs attached to the dividend. This
was then expressed as a percentage of tax expense to assess the percentage of credits
available that were distributed. Interestingly the percentage of franking was quite low. On this
basis we estimated an f for gas and electricity distribution businesses to be in the region of
0.36. Our analysis finds f would be larger for the broader economy.
5.3

Australian Taxation Office data

The proposition that not all imputation credits created each year are distributed is evidenced by
statistics published by the Australian Taxation Office. Table 3 shows that the accumulated
franking account balances (ie. imputation credits) for companies grew progressively until 2002
followed by a fall in 2003. While variable, it is clear that not all income tax paid is distributed as
FTCs.20
Table 3: Total Franking Account Balances 1999 - 200321
20
21

There may be some double counting in these data – see Hathaway & Officer (2004)
Source: ATO website, company statistics, Table 2 for various years
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Franking account balances for
corporations

30 June
1999
$86
billion

30 June
2000
$102
billion

30 June
2001
$164
billion

30 June
2002
$179
billion

30 June
2003
$91
billion

Furthermore, company income tax return statistics published by the Australian Taxation Office
show that cumulative total dividends (franked and unfranked) paid by companies represented a
distribution of 70% of after tax ‘taxable’ earnings over the period 1993/4 to 2002/322. Table 4
shows the ratio on a year by year basis.23
Figure 4: Tax based dividend payout ratio
Payout Ratio
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From this data we can conclude that not all imputation credits created are being distributed.
To hone in on the percentage of tax paid that is distributed, the franking tax dividends listed in
ATO statistics were multiplied by tc/(1-tc) to estimate the implied FTCs attached to these
dividends. This was then expressed as a percentage of tax paid. The tax rate used was based
on net tax paid divided by assessable income in the ATO Tables. The average distribution rate
of the period was 70%. The year by year distribution rates are shown in Figure 5. The average
/ cumulative percentage is close to the Hathaway and Officer estimate of 71% using a more
exact measurement approach derived from the franking account balance.
We therefore estimate f to be 70% for the Australian market.
Figure 5: Implied distribution of FTCs as a percentage of Tax Paid

22

Source: ATO website, company statistics, Table 7 for 2003
The payout ratio here is based on tax data (Source ATO website) so it may differ from published financial
accounting data i.e. the ratio was calculated as total dividends divided by (Taxable Income less net tax paid).
Consequently there may be some difference between this payout ratio and one based on financial accounts.

23
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The Value Of Imputation Credits as a Percentage of their Face Value

The definition of the utilisation or redemption ratio, ω, calls for the measurement of the value of
imputation expressed as a percentage of the imputation credit’s face value to shareholders.
For regulatory purposes the ratio needs to be estimated as at the time the tax is paid rather
than redeemed. This poses two challenges.
The first challenge relates to the timing adjustment, the second to the value at redemption.
Without the timing adjustment, maximum prices will be set too low to enable investors to
recover the cost of capital on the tax sitting with the ATO until it is redeemed by investors when
personal tax is ‘paid’. A shareholder will not attribute 100 cents in the dollar at the time the
imputation credit is distributed, if the realisation of the benefit of the imputation credit only
occurs when an income tax return is lodged and assessed a year or so later.
The second challenge relates to assessing redemption value – redemption to whom? The
redemption value differs by shareholder group as described earlier. The following sections set
out a methodology for estimating an average value.
5.5

Timing of Realisation

Any benefit of imputation is realised some time subsequent to the payment of company tax, i.e.
when the recipient of the dividend actually pays personal tax or is refunded. In order for a
shareholder to claim the benefit of the imputation credit, a number of things must happen.
These are:
i) The company must make a profit;
ii) The company must declare and pay a dividend;
iii) The shareholder must lodge a tax return;
iv) The Australian Taxation Office must issue an assessment; and
v) The shareholder and the Australian Taxation Office must settle the net tax payable or
refundable.
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A corporate taxpayer will typically, but not necessarily, have a 30 June year-end. The tax
instalment system requires that instalments of tax be paid throughout the year, with the balance
of the assessment of income tax paid after 30 June. The company, if it makes a profit and has
sufficient cash available for distribution to shareholders will declare a dividend, which is
generally paid during the following October and April. The dividend will be franked to the extent
that payments of income tax instalments paid allow.
In the case of certain shareholders (notably individuals and superannuation funds), the
shareholder will include the dividend and imputation credit in their income tax return for that
next financial year, and lodge their income tax return with the Australian Taxation Office.
Formal lodgement of the shareholder’s income tax return is made some time subsequent to the
close of the financial year in which the dividend was received. The Australian Taxation Office
will then assess the amount of tax due to be paid or refunded. The benefit of imputation (if any)
therefore is not realised by the taxpayer until at least a year after that assumed by the
regulatory model. As noted earlier, not all earnings are paid out as dividends in the following
year. Some are retained but may be paid out in subsequent years. Consequently the FTC
payment ‘tail’ may be quite long.
It is appropriate therefore to discount any FTC benefit at a discount rate equal to the investors’
expected after tax return requirements over the period between when the company pays tax to
and when the settlement of the shareholders’ income tax liabilities is concluded.
We estimated the value of a $1 of company income tax paid to be worth $0.75 to an ARPTS at
the time the company tax is paid. This represents the present value of $1 of company tax paid
in quarterly instalments in a regulatory year as at end December in that year when it is
distributed with dividends over time. In order to estimate this, we assumed a 60% payout over
2 years with the balance in the following year. The payout is in 2 dividend instalments per year.
That is 30c flows in the 2nd and 4th quarter of the year after income tax payment, 60% of the
balance spread similarly in the next year with the balance in the next year. Given the retention
policies of firms this probably over-estimates the value i.e. it should probably be less than
$0.75. For simplicity we used the cost of equity (beta of 1) to discount the flows. This analysis
assumed quarterly PAYG payments by the taxpayer in anticipation of year end assessments
nay overstate the value for someone not able to recognise a benefit through quarterly PAYG.
5.6

Ownership of Equity

Dividend imputation reduces the tax payable on dividends to a narrow class of investors. It is
instructive to look at the composition of the ownership of Australian equity. Table 4 24 illustrates
the composition of equity owners as at 30 June 2004.
Table 4: Ownership Structure of Australian Equity
Equity-holder Category
Equity Holdings ($b) Proportion of Equity
Corporations
$302.6
18%
Government
$155.1
9%
Pension Funds and Insurance
$563.6
33%
Overseas
$429.9
25%
Individuals
$262.1
15%
Total
$1,713.3
100%
24 Table derived from Australian Bureau of Statistics, Australian National Accounts: Financial Accounts (5232.0).
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Dividend imputation issues relating to each category of equity holder are discussed further
below.
5.6.1

Corporations

Franked dividends received by Corporations are subject to a dividend rebate, which means that
the dividend is free of income tax. The major tax change associated with dividend imputation
relevant to corporate equity holders is the abolition of dividend rebate on unfranked dividends
received from non-wholly owned companies.
This is of course highly irrelevant to the discussion of gamma, as gamma only arises in respect
of franked dividends. A corporation would only value imputation credits if it could derive some
benefit from them. Imputation credits have no intrinsic value to companies however, as they do
not reduce the taxation imposed on franked dividends.
Corporations that receive franking credits may pass them onto their ultimate shareholders. The
value (if any) of imputation therefore arises if and when imputation credits are passed onto
those shareholders, and will depend upon the identity of the ultimate shareholder. There is no
intrinsic value to the company itself in imputation credits, as they do not reduce the amount of
tax that is payable by the company.
The value of ω for a corporation can vary from zero if imputation credits cannot be passed onto
shareholders to 75 percent due to time lags between creation and access.
5.6.2

Government

Government bodies fall outside of the Federal Income Taxation System. Imputation therefore
has no value to Government owners of equity. In fact, there is probably a net cost to the
government arising from ownership of equity in entities that pay (or could pay) franked
dividends. This is because if the shares had been owned by individuals who have a marginal
rate of tax (including the Medicare levy) greater than the corporate rate of tax the government
will collect 30 cents of tax from the company, plus an additional amount of tax from these
individual shareholders.
The value of ω for a government owned entity is equal to zero, or less than zero from a
personal income tax revenue opportunity cost perspective.
5.6.3

Superannuation and life insurance Funds

Any assessment of the value these shareholders would attach to imputation credits must be
viewed from the perspective of pre-imputation. To do otherwise would misrepresent the
incremental value this class of shareholder attributes to them. Superannuation and life
insurance funds were exempt from income tax prior to the introduction of CGT in 1985 and
dividend imputation in 1987. Following the introduction of CGT and dividend imputation the
funds remained exempt from tax and hence derived no benefit from imputation. Subsequent
changes to taxation law resulted in the funds losing their exempt status. Eligible funds are now
subject to an income tax rate of 15% on all earnings and are able to offset imputation credits
against tax liabilities. These funds are now net payers of income tax, whereas prior to
imputation they were not. As is evident from Table 5 taken from ATO statistics, these funds
pay substantial tax, $5.4b in 2002-03 despite using $1.2b in imputation credits.
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Table 5: Net Tax and Imputation Credits of Funds
Funds
Net Tax
Imputation Credits

2000-01
4,165,943,348
1,437,315,052

2001-02
4,453,831,281
1,046,463,166

2002-3
5,369,558,427
1,149,139,237

The proposition that superannuation funds have derived benefits from the changes around
imputation is not supported by the observation that their tax liabilities have increased from nil to
$5.4 billion. On these grounds we argue that one view is that the introduction of imputation tax
has had a substantially negative impact on Funds.
Nevertheless, given these funds are now taxed it appears they fully claim the imputation credits
available to them as is apparent in Table _ where the credits claimed are approximately equal
to the implied FTC.
Table 6: Imputation credits claimed by Funds
Funds
Franked Dividends
Implied FTCs
Claimed Credits
Claimed / Implied
Statutory Rate

2000-01
2,889,722,638
1,488,644,995
1,437,315,052
0.97
34%

2001-02
2,503,100,829
1,072,757,498
1,046,463,166
0.98
30%

2002-3
2,661,069,283
1,140,458,264
1,149,139,237
1.01
30%

Hathaway and Officer (2004) note that the imputation credits redeemed by funds appear to be
56% lower than they would be expected to be given an estimate of the dividends the industry
receives. They suggest the shortfall could be claimed by Life Offices for which there are no
separate statistics. As a consequence we cannot be sure that Life Offices fully claim
imputation credits so we have treated them in the same manner as the funds.
Viewed in the light of the collective tax changes that have been made to these funds (eg. CGT
and removal of income tax exempt status), the value of imputation credits expressed as a
percentage of the credit’s face value to shareholders when distributed (ω) is therefore zero as
the low estimate and $0.75 as the upper estimate.
5.6.4

Foreign / Offshore Shareholders

The tax treatment of foreign shareholders will depend on the foreign shareholder’s tax domicile,
and the existence and nature of any double tax treaty between their tax domicile and Australia.
Dividends paid to overseas shareholders are generally subject to dividend withholding tax. The
rate of withholding tax is 30% unless there is a double tax treaty between Australia and the tax
jurisdiction of the overseas shareholder.
Where a double tax treaty exists, the withholding tax rate will be specified in the double tax
treaty. The overseas shareholder is generally subject to income tax in their tax domicile on the
gross amount of the dividend but is able to claim a credit for withholding tax paid in Australia.
Dividends that are fully franked are not subject to withholding tax. Where a dividend is not
subject to withholding tax, there will be no tax credit available to the foreign shareholder in their
tax domicile.
Taking these facts into consideration, an overseas shareholder is likely to attribute a value to ω
of zero, as they will not derive any material benefit from imputation.
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5.6.5

Individuals

Individuals are subject to tax on their taxable income at their marginal rate of tax, plus Medicare
levy. Effective 1 July 2000, imputation credits in excess of the shareholder’s tax liability are
refunded at their face value. A complicating factor lies in how and when the value of ω is
measured, as the present value will be less than the face value. For the purposes of this
analysis we have assumed the delay process described in the sections above. The assumed
discount rate is the cost of equity assumed to be 12 percent.
The value of ω to individual shareholders is approximately 75 percent in present value terms.
5.6.6

Other

There are other entities recognised by the Taxation system, such as Partnerships and Trusts.
These entities are not taxed as entities as such, (apart from public trading trusts, which are
treated under the taxation system as companies) because their income is distributed to
partners and beneficiaries. The partners and beneficiaries are required to include their share of
partnership income and trust distributions in their assessable income. The taxation
consequences are measured under income tax statistics according to the identity of the
partners and beneficiaries (ie Corporations, Funds, Government, Overseas Shareholder or
Individual.
The value of ω to these ‘Other’ category of shareholders is indeterminate, but between 75
percent and zero in present value terms.
5.6.7

Summary

The above analysis shows that the value of ω lies in a range between 75 percent and zero in
present value terms, with individual domestic resident shareholders attributing the highest
value. Looking at the composition of equity ownership in Australia ‘Individuals’ directly
comprise only 15 percent, while shareholders that attribute zero (or negative) value, such as
government entities, superannuation funds and overseas shareholders make up 85 percent in
the low case and 34% in the high case. Hence, a weighted average may be an appropriate
way to calculate a value for ω as provided in Table 7 below.
Table 7: Weighted value of ω for an ‘average’ Australian firm
Equity-holder Category

Equity Holdings
($b)

Proportion of
Equity

Corporations

$302.60

18%

Government

$155.10

9%

Pension Funds and Insurance

$563.60

33%

Overseas
Individuals

$429.90
$262.10

25%
15%

$1,713.30

100%

Total

Weighted Weighted
Average Average
High ⎠
Low ⎠

Low
⎠

High
⎠

0

0.75

0

0.135

0

0

0

0

0

0.75

0

0.248

0

0

0

0

0.75

0.75

0.113

0.113

0.113

0.495

The weighted average range for ω lies between 11 and 50 percent. The mid-point of the
weighted average value for ω is 30percent. Hence, for the point estimate for ω for the average
investor is 30 percent.
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Based on the proportional ownership of equity in Australia the weighted average value
of ω is 30 percent.
5.7

The Value of Imputation Credits (γ)

In the preceding sections we have derived values for input into the formula from section to
calculate the value of imputation credits (gamma).

γ=(fxω)
The fraction of current imputation credits that the firm distributes (f )
Using Australian Tax Office, historical payout ratios and stock exchange data we have
estimated that the fraction of current imputation credits distributed by an ‘average’ firm
operating in Australia is 70 percent.
The Value of Imputation Credits as a Percentage of their Face Value ( ω )
The definition of ω calls for the measurement of the value of imputation expressed as a
percentage of the imputation credit’s face value to shareholders when distributed. Taking into
consideration the lag between creation and utilisation of imputation credits and the composition
of equity ownership in Australia a conservative point estimate of the average value of ω is 30
percent.
The value of imputation credits (γ)
From our analysis the average value of imputation credits (γ) is therefore 21 percent:

γ = 70% x 30%
γ = 21%
A market average value of gamma of 21% implies an effective tax rate of 24% (i.e. 0.30 ( 10.21).
We note however that the value of gamma is probably lower than 21 percent based on the
conditions necessary to achieve equilibrium in the Australian capital market and taking into
account the other equity taxation measures implemented with dividend imputation (eg. CGT).
Our view is that 21 percent represents the maximum value that can be attributed to gamma for
an average investor.
We point out however that we do not think the “average value” is a very useful concept. It is
our view that it is the value of imputation credits to the marginal investor in regulated
distribution businesses that is the relevant measure. This we estimate to be zero.

Envestra Ltd

Page 22 of 24

September 2005

6

Conclusion

Having examined the value of imputation credits from a variety of angles using multiple
independent data sources it has been demonstrated that the value attributed to imputation
credits by investors is lower than the 50 percent used by regulators.
In our view the appropriate value of gamma is that applicable to the marginal investor in the
gas and electricity regulated distribution sector from a regulatory perspective. For these
investors, imputation credits have a value of zero and therefore the effective company tax rate
(form an imputation tax perspective) is the statutory rate.
We have not calculated an average gamma for the gas and electricity sector at this stage
because we have not estimated the overall share ownership structure. However applying an
Australian average f of 0.7 and assuming an equal shareholding between those valuing the
FTCs at 0.75 and zero, therefore an ω of 0.375, provides a gamma of 26% or an effective tax
rate of 21%.
At the aggregate Australian market level, Australian Taxation Office data indicates that
approximately 70 percent of imputation credits are being distributed (ie. the value of f ). Over
time the amount of imputation credits cannot exceed the proportion of company earnings that
are distributed as profit. Due to timing differences between book and tax accounting and the
mechanics of the imputation system, the proportion of franking credits that are distributed will
be significantly less than 100 percent. Given these considerations, an appropriate value for the
fraction of current imputation credits that the firm distributes (f) for regulatory purposes is 70
percent.
It is clear that some participants place no value on imputation credits, for example foreign
shareholders and superannuation funds. Moreover, those shareholders that do place a value
on imputation credits are unlikely to value imputation at 100 percent of face value. The highest
value that can be attributed is 75 percent of face value. When weighted by the ownership
structure we assess the mid point of the average redemption value to be 30%. Thus, at the
average Australian company level, the value of gamma is 21%. This corresponds with an
effective tax rate of 24%.
The value of gamma for estimating the effective corporate tax rate falls in a range
between zero and 35 percent. A value for gamma of zero is the most appropriate
estimate as it is consistent with the marginal investor in the regulated gas and electricity
sector.
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