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The Market Risk Premium Executive Summary

Executive Summary

This report has been prepared for CitiPower, Jepfeoaercor, SP AusNet and United
Energy by NERA Economic Consulting (NERA). CitiPenwJemena, Powercor, SP AusNet
and United Energy have asked NERA to examine a pumiissues concerning the market
risk premium MRP) that arise from the Australian Energy Regulatogsently published
Draft Distribution Determination Aurora Energy Ptyd 2012-13 to 2016-1(7the AER’s
Draft Decisiory).

In particular, CitiPower, Jemena, Powercor, SP Asisiid United Energy have asked
NERA to assess:

* whether an estimate of tiRP computed using historical data should be based on
the arithmetic mean of a sample of returns to thekat portfolio, on the geometric
mean or on some weighted average of the two means;

» whether the historical evidence indicates, givement market conditions, that an
MRP of 6 per cent per annum inclusive of the valuergdutation credits is
appropriate;

* what forecasts of theIRP are generated by the Dividend Growth Model (DGM),
current consensus forecasts of future dividend tiramd the current yield on the
market portfolio; and

» whether the survey evidence that the AER summapis®sdes support for aMRP
of 6 per cent per annum inclusive of the valuengputation credits.

There can be a substantial difference betweenritigreetic mean of a sample of returns and
the geometric mean of the same sample. We emphthsits

« aWACCthat is based solely on the arithmetic mean @fmapge of annual excess
returns to the market portfolio will — so long as bther components of tiéACC
have been correctly computed — producei@niasedestimate of the revenue that the
market requires in any one year on the regulatsetdmse. In contrastVdACCthat
is in part based on an estimate of kP that places a positive weight on the
geometric mean of a sample of annual excess retoithe market portfolio will — so
long as the other components of WA CChave been correctly computed — produce a
downwardly biase@stimate of the revenue that the market requir@sy one year;
and

» if the excess return to the market portfolio isaruncorrelated — and the evidence
against the hypothesis is weak — then an unbiastedae of one of the discount
factors used to smooth prices, whilst leaving ti/Nf post-tax revenue unchanged,
will require one use an estimate of &P thatexceedshe arithmetic mean of a
sample of annual excess returns to the marketghortind so will require an estimate
that places a negative weight on the geometric nfean

! Returns are serially uncorrelated if currentmegiare uncorrelated with past returns.
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The Market Risk Premium Executive Summary

The volatility of the return to the Australian matlportfolio — or at least a typical choice of a
proxy for the portfolio, the All Ordinaries — hasdn far from constant over time. We find
that:

» the historical evidence indicates that the Ausdaratnarket portfolio was substantially
less risky in the later part of the™8entury and the earlier part of thé"2&ntury
than in the later part of the 2@entury and the start of the*2dentury. The data that
Brailsford, Handley and Maheswaran (2011) provide that we update indicate that
the standard deviation of the return to the Austnamarket portfolio has beenore
than twiceas high over the last 50 years or so than before;

» this observation is independent of whether thermstto the market portfolio are
measured with or without dividends acahnotbe attributed to chance or data
snooping. We conduct simulations that use 100r8plcations and data in which
the risk of the market portfolio is constant thrbugne and, even though we search
for evidence of a shift in risk, we do not uncoegidence of a shift in any of the
100,000 replications to match what we find in tinget series that Brailsford, Handley
and Maheswaran (2011) provide and that we updared

» the pricing model on which the AER relies to detiagrthe cost of equity, the Capital
Asset Pricing Model, assumes that investors akeangrse and care only about the
MRP and the variance of the return to the portfoliothe assumption that the model
makes is correct, then th&RP should have been higher in the later part of 0 2
century and the early part of the*2&entury than in the later part of the™@ntury
and the earlier part of the ®@entury. This suggests that adjusting the eatiéa for
the lower risk in that period will likely lead tona@stimate of th&IRP, adjusted for
the value of imputation credits, well aboves per cent per annum.

The DGM provides, in principle, an attractive wdyestimating theViRP. In practice, the
model requires reliable forecasts of future divdignowth. We find that

» estimates of th&IRP provided by the DGM that use current dateal®ve6t per cent
per annum. These relatively high estimates refteezhigh current forward dividend
yield on the market portfolio and the low yield bdryear bonds. They dwtrely on
high forecasts of long-run growth in dividends pkeare (DPS); and

* Bloomberg consensus forecasts indicate that il hgear bond yield were to be 3.96
per cent per annum, a conservative estimate dfifRE for the next five years,
relative to the yield, would be 7.72 per cent parwan. If the 10-year bond yield
were to be 5.50 per cent per annum, a conservasivaate of thé/RP for the next
five years, relative to the yield, would be 6.18 pent per annum. These estimates
areconservativen that they use as a forecast of long-run DPS/tir@ number,
based on past real DPS growth and Reserve Bankstfélia (RBA) targets for

Brailsford, T., J. Handley and K. Maheswar@he historical equity risk premium in Australia: #6GFC and 128
years of dataAccounting and Finang@011

Brailsford, T., J. Handley and K. Maheswar@he historical equity risk premium in Australia: #6GFC and 128
years of dataAccounting and Finan¢@011
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inflation, that lies marginally below the forecésit long-run DPS growth that the
AER uses and well below current consensus forecéstisort-term DPS growth.

The AER places some emphasis on survey evidéite.see a number of problems with the
surveys that the AER cites:

» the surveys that the AER cites typically do notlakphow those surveyed were
chosen and a majority of those surveyed do nobresp Thus it is unclear whether
the sample of respondents that the surveys us@iesentative of the population;

» itis unclear what incentives have been provideidddviduals contacted by the
surveys that the AER cites to ensure that respdagenvide accurate responses; and

* itis unclear how relevant some of the surveystiatAER cites are because of
changes in market conditions since the time at kwttie surveys were conducted.

As an example of the problems that can arise, vie that with regard to the survey
conducted by Asher (2011), that the AER cites, that

« only 49 of 2,000 surveyed responded; and that

» the survey was conducted in February 2011 when pmids and stock prices were
relatively high and when a DGM forecast of M&P would have been 295 basis
points lower than an otherwise identical forecaststructed in December 2011.

We also note that:

» Asher stated in a seminar in May 2010 in frontnafividuals whom he later surveyed
that ‘the implied equity premium is more or lessi@&do the dividend yield which is
probably at this stage somewhere between 3 and depé— | think that may be a
reasonable thing to work of}.’

This public statement about the surveyor’s viewbét would be a correct response to the
primary question he plans to ask in a survey haspla conduct raises the possibility that the
results of the survey will merely mirror his owrewis.

AER, Draft Distribution Determination Aurora Energy Pityd 2012-13 to 2016—1November 2011, pages 229-230.

Asher,Equity Risk Premium Survey — results and comm@wtsiary Australia 2011 Issue 161, July 2011, sad8-
15.

http://www.actuaries.asn.au/Library/6b_Asher AshE8m
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1. Introduction

This report has been prepared for CitiPower, Jepfeoaercor, SP AusNet and United
Energy by NERA Economic Consulting (NERA). CitiPenwJemena, Powercor, SP AusNet
and United Energy have asked NERA to examine a eumiissues concerning the market
risk premium MRP) that arise from the Australian Energy Regulatogsently published
Draft Distribution Determination Aurora Energy Ptyd 2012-13 to 2016-1(7the AER’s
Draft Decisiory).

In particular, CitiPower, Jemena, Powercor, SP Asisiid United Energy have asked
NERA to assess:

* whether an estimate of tiRP computed using historical data should be based on
the arithmetic mean of a sample of returns to thekat portfolio, on the geometric
mean or on some weighted average of the two means;

» whether the historical evidence indicates, givement market conditions, that an
MRP of 6 per cent per annum inclusive of the valuergdutation credits is
appropriate;

* what forecasts of theIRP are generated by the Dividend Growth Model (DGM),
current consensus forecasts of future dividend tiramd the current yield on the
market portfolio; and

» whether the survey evidence that the AER summapis®sdes support for aMRP
of 6 per cent per annum inclusive of the valuengputation credits.

The remainder of this report is structured as fodio

» Section 2 — examines the arguments for using aetitrmeans and geometric means;

» Section 3 — examines whether the historical evidgrants to an estimate of tMRP of
6 per cent per annum;

e Section 4 — constructs DGM forecasts of MieP;

» Section 5 — examines whether the survey eviderateglie AER summarises provides
support for a particular value for tMRP, and

» Section 6 — provides conclusions.
1.1. Statement of Credentials
This report has been jointly preparedSignon Wheatley andBrendan Quach.’

Simon Wheatley is a Special Consultant with NERA, and was umttlently a Professor of
Finance at the University of Melbourne. Since 20i&on has applied his finance expertise
in investment management and consulting outsideheersity sector. Simon’s interests

" If requested a complete curriculum vitae cantoeided for each of the authors.
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and expertise are in testing asset-pricing modelgrmining the extent to which returns are
predictable and individual portfolio choice theomyrior to joining the University of
Melbourne, Simon taught finance at the UniversitieBritish Columbia, Chicago, New
South Wales, Rochester and Washington.

Brendan Quach is a Senior Consultant at NERA with ten years egpee as an economist,
specialising in network economics and competitiolicy in Australia, New Zealand and
Asia Pacific. Since joining NERA in 2001, Brendaas advised a wide range of clients on
regulatory finance matters, including approachesstamating the cost of capital for
regulated infrastructure businesses.

NERA Economic Consulting 2
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2. Arithmetic Versus Geometric Means

In its Draft Decision the AER reports both arithmetic and geometricmseas the return to

the market portfolio in excess of the 10-year gomeent bond yield computed over a number
of periods. The AER argues that both arithmetianseand geometric means provide
important information about the value that it shibatiopt for theMRP. For example, the

AER states thaf:

‘The AER considers that the arithmetic averageltedu an overestimate and the
best estimate of historical excess returns ové) year period is likely to be
somewhere between the geometric mean and the atithmean of annual excess
returns.’

The AER does not state explicitly, however, whaigheit feels should be attached to each
estimate. In this section we examine the isswehait weight the AER should attach to
arithmetic mean estimates of thlRP and what weight the AER should attach to geometric
mean estimates of tddRP. The AER has not responded to the argumentshahade

about this issue in our August 2011 repidre Market Risk Premium: A report for CitiPower,
Jemena Electricity Networks, Powercor, SP AusNdtlamited Energy Distributioand so
much of what we say here is of necessity a repatiif material contained in that report.

While the arithmetic mean of a sample of returnsalivays provide amnbiasedestimate of

the expected return to an asset over a singlethdhe use of arithmetic means and the use of
geometric means can provide biased estimates efcgegh multi-period returns. To see why
the use of arithmetic means can provide biasethasts of expected multi-period returns, it
will be useful to consider a simple example. Defxto be the arithmetic mean of a sample
of gross annual returns, that is, define:

o R(t
A= ZL 1)
t=1 T
where
Rt) = one plus the rate of return to some asset trarnot; and
T = the number of observations.

If the return to the asset is serially uncorrelatbdt is, if past returns are not useful for
forecasting future returns, then the expected vafun estimate of the expected return to the
asset over two years that uses the arithmetic mwéhbe:

E(A%) = [E(A)]* +Var(A) = E(R(t)?) + Var(A) > E(R(t)?). (2)
The bias associated with estimates of expected-peiiod returns that use the arithmetic

mean arises from the fact that the expectationfohation of a random variable will not in
general equal the same function of the expectatigdhe variable. So in this simple example,

8 AER, Draft Distribution Determination Aurora Energy Phyd 2012—13 to 2016—]November 2011, page 214.

NERA Economic Consulting 3
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the expectation of the square of the random vagidbks not equal, but exceeds the square of
the expectation.

The key point that we wish to make in this sectiuowever, is that the AEReveruses the
arithmetic mean of a sample of annual returns timese the expected value of a return over
more than one year. The AER uses an estimateaofi¢ighted average cost of capital
(WACQ in two ways. First, and most importantly, WA CCis used to determine the return
on capital that a regulated utility must make egedr. Second, and less importantly, the
WACCis used to ensure that in smoothing prices, the bithe post-tax revenue that the
utility is expected to earn is unaffected.

Although revenue must be forecast for each of éverl years of the typical regulatory
period, at no stage is tNéACCcompounded over more than one year. ThASAL Cthat is
based solely on the arithmetic mean of a sampémntial excess returns to the market
portfolio will — so long as the other componentsrefWACChave been correctly computed
— produce aminbiasedestimate of the revenue that the market requiresitility earn in any
one yeatr.

If excess returns to the market portfolio are digrimmcorrelated — and the evidence against
the hypothesis is weak — then an unbiased estimétbe discount factor that the AER
should use in determining how prices are to be shaabwill require one use an estimate of
the MRP thatexceedshe arithmetic mean of a sample of annual exasssns to the market
portfolio.

We use simulations to examine the properties afhesors of the expected excess return to
the market portfolio that use the arithmetic meba sample of annual excess returns and of
estimators that use the geometric mean. Thesdations show that:

» the arithmetic mean of a sample of annual exceasn®to the market portfolio is an
unbiased estimator of the expected excess retuhetmarket portfolio over any one
year but estimates of the expected excess retuhetmarket over more than one year
that use this mean are upwardly biased; and

» the geometric mean of a sample of annual excessseto the market portfolio
computed using > 1 years of data is a downwardly biased estimaittine expected
excess return to the market portfolio over any yasr and estimates of the expected
excess return to the market oWk T years that use this mean are also downwardly
biased.

While these facts are well known, our simulatiomiijch we calibrate to the data that
Brailsford, Handley and Maheswaran (2011) provide that we update, illustrate how
important these biases are in computing estimdtéed/RP for use in regulating Australian
utilities.® We find, for example, that the downward bias asged with an estimate of the
expected excess return to the market portfolio angrone year that uses the geometric mean
computed using data from 1883 through 2011 (19&8itsh 2011) is 130 (250) basis points.

° Brailsford, T., J. Handley and K. Maheswar@he historical equity risk premium in Australia: #6GFC and 128

years of dataAccounting and Finan¢@011
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Thus aWACCthat is in part based on an estimate ofMiP that places a positive weight on
the geometric mean of a sample of annual excessegeto the market portfolio will — so
long as the other components of WACChave been correctly computed — produce a
downwardly biase@stimate of the revenue that the market requir@sy one year on the
regulated asset base. In contrag{/&CCthat is based solely on the arithmetic mean of a
sample of annual excess returns to the marketgbiortivill — so long as the other
components of th&/ACChave been correctly computed — producemniasedestimate of
the revenue that the market requires in any one yea

We also use simulations to examine the properfieisscount factor estimates that use the
arithmetic mean of a sample of annual excess retorthe market portfolio and discount
factor estimates that use the geometric mean.r@ts of these simulations show that if
returns are serially uncorrelated:

+ discount factor estimates that use the arithmestiamand discount factor estimates
that use the geometric mean are both upwardly thjdme

» discount factor estimates that use the geometranreghibit a larger bias than
discount factor estimates that use the arithmegam

Again, while these results are well known, our dations show how important the biases are
for regulated Australian utilities. The resultspiythat if the excess return to the market
portfolio is serially uncorrelated, then an unbéhsstimator of a discount factor will require
one use an estimate of thHRP thatexceedshe arithmetic mean of a sample of annual
excess returns to the market portfolio and placesgative weight on the geometric mean.

There is some weak evidence in the annual datdBtlaédsford, Handley and Maheswaran
(2011) provide and that we update of negative-firser serial dependenc®.in a world in
which returns are serially dependent, past retcansprovide information that is useful for
setting arMRP conditional on all currently available informatioSerially dependence can
also have an impact on the bias associated witma&gts of the unconditional expected
excess return to the market portfolio and the dssociated with estimates of unconditional
discount factors. An unconditional expectationoiges currently available information like
past returns. We use simulations to examine mhgact inAppendix A.

The simulations ilppendix A show that, as is well known, the arithimenean of a sample

of annual excess returns to the market portfolenisinbiased estimator of the unconditional
expected excess return to the market portfolio angrone year regardless of whether returns
are serially dependent. Thus the use of the aetitrmean will deliver an unbiased estimate
of the unconditional return on capital necessanafeegulated firm to recover its costs in any
one year — so long as the other components aMAEChave been correctly computed.
Determining the return on capital required to cax@sts is th@rimary use to which the
WACCis put.

10 PBrailsford, T., J. Handley and K. Maheswarahe historical equity risk premium in Australia: f2eGFC and 128

years of dataAccounting and Finan¢@011
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The simulations show, however, that if returns bitmegative first-order serial dependence,
then unconditional discount factor estimates tisatthhe arithmetic mean can be downwardly
biased while estimates that use the geometric meanpwardly biased. These results imply
that if the excess return to the market portfdioégatively serially dependent, then an
unbiased estimator of an unconditional discounofamay require one use an estimate of the
MRP that falls below the arithmetic mean of a samplarmual excess returns to the market
portfolio. Thus there is an argument — albeit wegak, because the evidence of serial
dependence is so weak — for using an estimateedIRP that falls below the arithmetic
mean — not to determine the return on capital reecgdor a regulated firm to recover its
costs — but to determine how that return shouldisiibuted across time so as to smooth
prices. Relative to determining the revenue reglio cover expected costs, determining
how that revenue should be distributed across isnasecondaryissue.

2.1. Regulatory Use of the WACC

The WACCthat the AER chooses is used to determine thentevthat the regulator allows a
regulated utility each year. The revenue equasion

REV(t) = RAB(t —1) xWACC+ DEP(t) + OPEX(t), (3)
where
REMt) = the utility’s revenue in yedy
RARt-1) = the regulated asset base of the utility atehd of yeat-1;
WACC = the utility'sWACGC a constant over the regulatory period;
DEP(t) = depreciation in yedr
OPEX({) = operating expenditure in yegr

and where the evolution of the regulatory asset imdescribed by the asset-base roll-
forward equation:

RAB(t) = RAB(t —1) + CAPEX(t) - DEP(t), 4
where
CAPEX(1) = the utility’s capital expenditure in year

From the revenue equation and the asset-baseoral&fd equation, it is clear that while
revenue must be forecast for each of the seveaay# the typical regulatory period, at no
stage is th&VACCcompounded over more than one year.

Application of the building block approach can leadolatility across time in the prices
necessary to recover expected costs each yeaavol this volatility, prices can be
smoothed. The AER requires that they be smooti@aaever, in such a way that the net
present value (NPV) of the post-tax revenues tiategulated utility expects to receive is
unaffected. Computing the NPV of post-tax revemaesiires a series of discount factors.
Estimates of these factors that use the arithmetian of a sample of annual excess returns to
the market portfolio and estimates that use theng&ac mean both tend to be biased.

NERA Economic Consulting 6
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Like Brailsford, Handley and Maheswaran (2008),cmenpute the arithmetic and geometric
means of the return to a portfolio that:

» places a weight of 100 per cent in non-interestibgaash;
» places a weight of 100 per cent in the market photfand

» borrows 100 per cent of the value of the portfali@ rate equal to the 10-year bond
yield.

2.2. Arithmetic Mean

Following Blume (1974) and Cooper (1996), we defxte be the arithmetic mean of a
sample of returng? In particular, we definé?

A=y RO, ®
t=1
where
Rt) = one plus the return in yedto the portfolio that is long the market
portfolio and short the 10-year bond; and
T = the number of annual observations.

An estimate of the rate of return to the portfaicerN years that uses the arithmetic mean is:
AN -1 (6)

while an estimate of the discount factor for a déslv occurringN years hence that uses the
mean is:

AN (7)
2.3. Geometric Mean

Also, like Blume (1974) and Cooper (1996), we defsito be the geometric mean of a
sample of returns? In particular, we defing®

1 PBrailsford, T., J. Handley and K. MaheswarBe;examination of the historical equity risk premiin Australia

Accounting and Finance 48, 2008, pages 73-97.

12 Blume, M.,Unbiased estimators of long-run expected rateenfrn Journal of the American Statistical Association,

1974, pages 634-638.

Cooper, I, Arithmetic versus geometric mean estimators: Sgttincount rates for capital budgetinguropean
Financial Management, 1996, pages 157-167.

T
3 The symbolz R(t) meansR(1) +R(2)+ ... +R(T).
t=1

NERA Economic Consulting 7
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T 1/T
G= {n R(t)} (8)

t=1

An estimate of the rate of return oWyears to the portfolio that is long the markettjwdio
and short the 10-year bond that uses the georme#an is:

GN -1 ()]

while an estimate of the discount factor for a désl occurringN years hence that uses the
mean is:

G (10)
2.4. Bias

Blume (1974) documents the bias that can arisenahiehmetic and geometric mean returns
are used to estimate expected multi-period retdtnSimilarly, Cooper (1996) documents
the bias that can arise when arithmetic and gedrmagan returns are used to estimate
discount factors.” We conduct simulations, calibrated to the anuias that Brailsford,
Handley and Maheswaran (2011) provide and thatpdate, to determine how important
these biases are in computing estimates ofR® for use in regulating Australian utilitié8.
Here, we calibrate the simulations to the distidoubf returns grossed up for imputation
credits}* %

14 Blume, M.,Unbiased estimators of long-run expected rateetfrn Journal of the American Statistical Association,
1974, pages 634-638.

Cooper, I, Arithmetic versus geometric mean estimators: Sgttincount rates for capital budgetinguropean
Financial Management, 1996, pages 157-167.

T
15 The symboll_l R(t) meansR(1) x R(2) x ... xR(T).
t=1

16 Blume, M.,Unbiased estimators of long-run expected rateetfrn Journal of the American Statistical Association,
1974, pages 634-638.

17 Cooper, |, Arithmetic versus geometric mean estimators: Settiscount rates for capital budgetinguropean
Financial Management, 1996, pages 157-167.

18 PBrailsford, T., J. Handley and K. Maheswarahe historical equity risk premium in Australia: f2eGFC and 128
years of dataAccounting and Finang@011

19 We adjust the returns for the provision of impista.credits under the assumption that the value afie-dollar credit
distributed has a market value of 35 cents usirtg da credits assembled in the way that Brailsfbiahdley and
Maheswaran (2011) describe. This value is theevigid down by the Australian Competition Tribumalts recent
decision on the market value of a one-dollar creditributed. See

Australian Competition Tribunal, Application by Egex Limited (Gamma) (No 5) [2011] ACompT 9, Mayl40

Brailsford, T., J. Handley and K. Maheswar#&he historical equity risk premium in Australia: 2GFC and 128
years of dataAccounting and Finang@011

20 Conveniently, the sample mean of these retuors 883 to 2011 matches the sample mean from 198811. In our
August 2011 reporthe Market Risk Premium: A report for CitiPowermlna Electricity Networks, Powercor,
SP AusNet and United Energy Distributiave calibrate the simulations to the distributadmeturns that are not

NERA Economic Consulting 8
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Here, we assume that:
R(t) -1~ NID(u,0) (11)
In Appendix A we relax this assumption to allow forisedependence.

Table2.1 provides the results of simulations that exantine bias that can arise when
arithmetic and geometric mean returns are usestimate expected multi-period returns.
Panel A uses 129 years of data to estimate thenee&und is calibrated to data, that
Brailsford, Handley and Maheswaran (2011) provide that we update, from 1883 through
2011?" Panel B uses 54 years of data and is calibratddts, that they provide and we
update, from 1958 through 2011. The table showg well known, that the arithmetic mean
of a sample of annual returns is an unbiased e&imoathe expected return over one year
but that the geometric mean is a downwardly bigstdnator. The downward bias
associated with the geometric mean using 129 yasisnulated data is 130 basis points
while using 54 years of simulated data it is 258idaoints.

Table 2.1
Bias in estimating expected multi-period returns

Year 1 2 3 4 5 10

Panel A: 1=6.1%, 0= 16.6%, T = 129 years

Parameter 6.1 12.6 19.4 26.7 345 80.8
Arithmetic 6.1 12.6 19.5 26.8 34.7 82.3
Geometric 4.8 9.8 15.1 20.6 26.5 60.7

Panel B: ;1=6.1%, o= 22.6%, T = 54 years

Parameter 6.1 12.6 194 26.7 34.5 80.8
Arithmetic 6.1 12.7 19.8 27.4 35.7 87.9
Geometric 3.6 7.4 115 15.8 20.4 48.5

Notes: Simulation results are in per cent per annum

Table2.1 also shows that estimates of the expectedretter more than one year that use
the arithmetic mean are upwardly biased. The daasbe substantial if the time series used
to compute the mean is short and the expectedreturver many years. Panel B, for
example, shows that the bias associated with amast of the expected 10-year return that
uses the arithmetic mean computed using 54 yeatatafis 710 basis points. At no stage in

grossed up for imputation credits because the samphn of these returns from 1883 to 2010 matd¢teesample
mean from 1958 to 2010.

2L PBrailsford, T., J. Handley and K. Maheswar@he historical equity risk premium in Australia: %6GFC and 128

years of dataAccounting and Finang@011
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the regulatory process, however, is tM@CCcompounded over 10 years. Thus the
observation is purely academic.

Table2.2 provides the results of simulations that exantine bias that can arise when
arithmetic and geometric mean returns are usedtim&te discount factors. The table shows
that discount factor estimates that use the aritiem@an and discount factor estimates that
use the geometric mean are both upwardly biaséscoDnt factor estimates that use the
geometric mean exhibit a larger bias than disctagtor estimates that use the arithmetic
mean. Thus a weighted average of the two estintlasé¢$s unbiased is one that places a
negative rather than a positive weight on the eg@nthat uses the geometric mean.

2.5. Discussion

The AER uses thé&/ACCin two ways. First, and most importantly, iIMACCis used to
determine the return on capital that a regulatéidyutnust make each year. Second, and less
importantly, thelWACCis used to ensure that in smoothing prices, the bifRhe post-tax
revenue that the utility is expected to earn isffigcted.

Although revenue must be forecast for each of éveral years of the typical regulatory
period, at no stage is tMéACCcompounded over more than one year. ThHAWSAL Cthat is
based solely on the arithmetic mean of a sampéapbial excess returns to the market
portfolio will — so long as the other componentshefWACChave been correctly computed
— produce amnbiasedestimate of the revenue that the market requiresitility earn in any
one year.

Table 2.2
Bias in estimating discount factors

Year 1 2 3 4 5 10

Panel A: 1=6.1%, 0= 16.6%, T = 129 years

Parameter 0.943 0.888 0.837 0.789 0.744 0.553
Arithmetic 0.943 0.889 0.838 0.790 0.746 0.559
Geometric 0.955 0.912 0.871 0.832 0.794 0.634

Panel B: 1=6.1%, o= 22.6%, T = 54 years

Parameter 0.943 0.888 0.837 0.789 0.744 0.553
Arithmetic 0.943 0.890 0.841 0.796 0.753 0.579
Geometric 0.966 0.935 0.905 0.877 0.851 0.743
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The AER, on the other hand, states in its reBeaft Decisionthat:*?

‘The AER has previously noted the widely held vighat the use of arithmetic
means is appropriate when arriving at a forwardilogp estimate. However, it is
also imperative to understand the nature of theevBking estimated. As noted
previously, the CAPM is a single period model, withcomponents aligning to
that period. Consistent with the Tribunal's deaisithe risk-free rate component of
the CAPM is set at 10 years. Consequently, the MRBt be a 10-year estimate,
even though it is expressed in annual terms.’

‘Therefore, in estimating the MRP, one must lookhatreturn on the market for 10
years over the return on the risk-free asset f@istime 10 years. This is similar to
the AER's determination of the DRP, where the gebtmium is determined for
the entire 10 year period, rather than the aritimasterage of premia from 10 one-
year periods.’

‘Historical data, on the other hand, is usuallysereged in terms of annual returns
and annual MRPs. However, a 10 year MRP can begjppated from annual

MRPs by determining a geometric average of ten @anviRPs within that 10 year
period. This geometric average approximates thged@ly MRP in annual terms.’

‘In historical studies noted above, the geometvierages estimate a cumulative
return over the relevant sample period. This peisaignificantly longer than the
10 year time horizon assumed for the forward loghRP, and is likely to
understate the historical excess return over aed lyorizon. On the other hand,
arithmetic means of historical excess returnsiletyl to overstate the historical 10
year excess return to some degree. This is betiaesgelo not take account of the
cumulative effect of returns over a 10 year horizon

‘The AER considers that the best estimate of histibexcess returns over a 10
year period is likely to be somewhere between gwgetric mean and the
arithmetic mean of annual excess returns (betwegr631 per cent).
Consequently, the AER considers that the latesbigal excess return estimates,
derived from more up to date data since the SRpats a forward looking long-
term MRP of 6 per cent. Given that this estimatat ihe top of the quoted range,
the AER considers that, if anything, it has erradhe side of caution when
making its assessment for regulated businesses.’

While we agree that an estimate of the expectegedd-excess return that uses the arithmetic
mean will be upwardly biased, at no stage in tigglegory process is th&/ ACC

compounded over 10 years — or indeed over moredharyear. In other words, a regulated
utility is not given the opportunity of reinvestiiitg earnings at thé&/ACC The utility can

only earn thaVACCon the regulated asset base and the evolutidreatgulated asset base
does not depend on tN¢ACC

If excess returns to the market portfolio are $igrisncorrelated — and the evidence against
the hypothesis is weak — then an unbiased estiratbe discount factor that the AER
should use in determining how prices are to be sheabwill require one use an estimate of

22 AER, Draft Distribution Determination Aurora Energy Phyd 2012—13 to 2016—] November 2011, pages 228-229.
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the MRPthat exceeds the arithmetic mean of a samplemaiarexcess returns to the market
portfolio. If excess returns to the market pord@re negatively serially dependent, then an
unbiased estimator of the discount factor that*B& should use in determining how prices
are to be smoothed may require one use an estohdte MRP that falls below the

arithmetic mean. Relative to determining the rexerequired to cover expected costs,
however, determining how that revenue should beilliged across time issecondary

issue.
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3. Historical Volatility and the MRP

The most important guide as to what is a sensidieevfor theMRP comes from historical
data. A very long time series of returns, howeigenecessary to produce a precise estimate
of theMRP. The longer the series of returns one uses, thdatg greater the danger that:

» one will be forced to rely in part on low qualitatd; and that

» the characteristics of the market portfolio wilMeachanged over the sample.

The data, assembled by Brailsford, Handley and \abhean (2011), on which the AER
relies in large part for estimates of &P, indicate that the Australian market portfolio was
substantially less risky in the later part of ti8¥' tentury and the earlier part of thé"20
century than in the later part of the"@entury and the early part of the®2&ntury? The
pricing model that the regulator uses to deterrttieecost of equity for a regulated energy
utility, a domestic version of the Capital Assetiig Model (CAPM), assumes that
investors are risk averse and care only about #enmeturn to the Australian market
portfolio in excess of the risk-free rate, M&P, and the variance of the return to the
portfolio. If the assumption that the model maisesorrect and preferences have not shifted
dramatically, then th®IRP should have been higher in the later part of tfécntury and

the early part of the 2century than in the later part of theé™@ntury and the earlier part of
the 20" century. This suggests that an estimate oMR® commensurate with prevailing
conditions in the market for funds that uses a liimg series of returns and that ignores the
change in the characteristics of the market paatfiblat has taken place wilhderestimate

the MRP.

Merton (1973) examines the conditions under whitth@APM will hold through timé?* He
shows that the model will hold through time if oeach instant the distribution of returns is
multivariate normal and that either it is not pbsito hedge against changes in the
investment opportunity set or a representativestoredoes not wish to do so. Under these
conditions, Merton shows that tMRP will be proportional to the variance of the retton

the market portfolio. Merton (1980) uses thistielato construct estimates of tMRP. > 2°
An interesting exercise would be to impose theridgins that his model makes on the data.
The likely outcome of this exercise would be toeyate a higher estimate of thiRP
commensurate with prevailing conditions in the neaflor funds than the 6 per cent per
annum that the AER currently uses. We do not mutBis strategy here, however. Instead
we respond to a number of criticisms of our workt tiihe AER makes in its June 2011 report
Envestra Ltd Access arrangement proposal for thg&Anetwork, 1 July 2011 — 30 June
2016: Final Decision.The AER has not responded to the analysis cadamour August

2 Prailsford, T., J. Handley and K. Maheswar@he historical equity risk premium in Australia: %6GFC and 128

years of dataAccounting and Finan¢@011

24 Merton, Robert CAn intertemporal capital asset pricing modEtonometrica, 1973, pages 867-887.

2 Merton, Robert COn estimating the expected return on the marketexploratory investigtaionJournal of Financial

Economics, 1980, pages 323-361.

% Lally (2004) also uses the relation to constarcestimate of thBIRP.

Lally, Martin, The cost of capital for regulatedtiéies: Report prepared for the Queensland CoripetAuthority,
February 2004.
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2011 reporiThe Market Risk Premium: A report for CitiPowermina Electricity Networks,
Powercor, SP AusNet and United Energy Distributaordl so much of what we say here is,
once more, of necessity a repetition of materiat@imed in that report.

In our April 2011 reportThe market risk premium: A report for Multinet Gasd SP AusNet,
we emphasise that the evidence shows that the triaoki#olio was substantially less risky in
the later part of the {9century and the earlier part of thé"a@ntury than in the later part of
the 20" century and the early part of the®Zentury. The AER’s response to our analysis in
its June 2011 repoHEnvestra Ltd Access arrangement proposal for thg&Anetwork,

1 July 2011 — 30 June 2016: Final Decisisrto suggest that:

» the observation that we make about a substantzadgshin the risk of the market
portfolio is ours alone;

» there are problems with the data that we use;
» the shift in the risk of the market portfolio cam &ttributed to chance; and

* itis unreasonable to expect that a shift in thlke af the market portfolio will be
accompanied by a shift in théRPif one cannot identify why the risk of the market
portfolio has changed.

We address each of these issues in turn below.
3.1. Originality

In our submission, we were careful to state thataiservation that the market portfolio was
substantially less risky in the later part of ti8¥' tentury and the earlier part of thé"20
century than in the later part of the"@entury was first made by Kearns and Pagan in a
paper that they published in the Economic RecotPi@3?’ Brailsford, Handley and
Maheswaran (2008) cite the work of Kearns and Pag&do not investigate the implications
of the work for estimating th&IRP. %

In updating the work of Kearns and Pagan, we warefal to use the same time series that
they had used — which apart from the fact thastrees that Kearns and Pagan use is without
dividends is precisely the same series that BmaiisfHandley and Maheswaran (2011)
employ.?® The AER do not mention Kearns and Pagan but oleeler, raise several issues
with the use of this time series.

27 Kearns, P. And A. Pagan, Australian stock mavkitility: 1875-1987, Economic Record, pages 168-1

% PBrailsford, T., J. Handley and K. MaheswarBe;examination of the historical equity risk premiin Australia

Accounting and Finance 48, 2008, page 76.

2 Prailsford, T., J. Handley and K. Maheswar@he historical equity risk premium in Australia: %6GFC and 128

years of dataAccounting and Finan¢@011
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3.2. Data
The AER states in it§inal Decisionthat™°

‘The Lamberton data series uses an equal weightadrthan value weighted
average of stock returns’

This statement is incorrect. As Kearns and Pag@83) point out®

‘Lamberton sought to create an index that

... intended to show what would have happened iowestor’s funds, if at
the beginning of 1875, he had bought all shareseguon the Sydney Stock
Exchange, allocating his purchases among the ishg@tiissues in proportion
to their total monetary value, and each month leyséime criterion
redistributed his holdings among all quoted sh&t858c, p. 254).

Hence the series was designed to be comparabiie WlltOrdinaries Index.’

It is the dividends that Lamberton attaches tostrées (that neither we use in our April 2011
report nor Kearns and Pagan use) that are equaltyhted.

The AER also states thatf:

‘the Lamberton data series comprises dividend mpsiacks only, which results in
an overstatement of the market average. This igusecnot all stocks pay
dividends.’

This statement is also incorrect. It is the equattighted dividend series that is an average
of the yields of only stocks that pay dividendsheTprice index is based on both stocks that
pay dividends and stocks that do not pay dividerisilsford, Handley and Maheswaran
(2008) report that the ASX creates an estimaté®ialue-weighted yield on the All
Ordinaries by multiplying the Lamberton equally gletied yield series by 0.75.

The AER suggests that using without-dividend regumill produce meaningfully different
results than using with-dividend returns. For eplnthe AER states thaf:

‘The AER has considered the period 1958 onwardscas the analysis by
Brailsford et. al., which suggested that the p&&8lperiod contains the highest
data quality. However, the data used to estimigterical excess returns is
actually different to the data used by NERA toraate stock market variance and

30 AER,Envestra Ltd Access arrangement proposal for thg&network, 1 July 2011 — 30 June 2016: FinaliSien,
June 2011, page 186.

31 Kearns, P. And A. Pagan, Australian stock mavkéitility: 1875-1987, Economic Record, page 164.

%2 AER,Envestra Ltd Access arrangement proposal for thg&@Anetwork, 1 July 2011 — 30 June 2016: Finalifien,
June 2011, page 186.

Brailsford, T., J. Handley and K. MaheswarBe;examination of the historical equity risk premiin Australia
Accounting and Finance 48, 2008, page 80.

33

34 AER,Envestra Ltd Access arrangement proposal for thg&network, 1 July 2011 — 30 June 2016: FinaliSien,
June 2011, page 189.
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volatility (which does not incorporate dividend igi@lata). As a result it does not
seem appropriate for NERA to segment this diffedataset at 1958.

We follow Kearns and Pagan in using without-divideaturns and, as they point out,
dividends barely contribute to the volatility obsk returns so excluding them should not
affect the results in any important way.To address fully this point that the AER raises,
though, we use the data that Brailsford, Handlel/aheswaran (2011) provide and that we
update to test, later in this section, whethewtlatility of the market portfolio has been
stable over the last 129 yeafsWe find, as we did in our submission and as Keamnd

Pagan found well before us, that the market pootfebs substantially less risky in the later
part of the 18 century and the earlier part of thé"aentury than in the later part of thé"20
century and the early part of the®2&entury.

Finally, the AER suggests that there are chang#etpre-1958 price data that Brailsford,
Handley and Maheswaran (2008) make. For exameAER states that’

‘NERA's data does not incorporate dividend yieldadaor is it clear if it
incorporates adjustments to pre-1958 data notégraysford et. al., which is
discussed above.’

Brailsford, Handley and Maheswaran make no adjusts® the price data. As Brailsford,
Handley and Maheswaran stafe:

‘The price index is an aggregation of the followihgee series: (i) the Commercial
and Industrial index from 1882 to 1936; (ii) thed&gy All Ordinary Shares price
index from 1936 to 1979; and (iii) the Australiaio& Exchange (ASX) All
Ordinaries price index from 1980 to 2005.’

This is precisely the same series that Kearns agdiP(1993) use. Kearns and Pagan, for
example, describe the data that they use in thewfivlg way:*°

‘From January 1875 to June 1936 the index is the@ercial and Industrial
Index; from July 1936 to December 1979 the Sydnkypdinaries Index; and
from January 1980 to December 1987, the Austr&iack Exchange All
Ordinaries Index.’

3.3. Significance

The AER suggests that the observation thatmarket portfolio was substantially less risky
in the later part of the ¥acentury and the earlier part of thé"2entury than in the later part

3 Kearns, P. And A. Pagan, Australian stock mavkitility: 1875-1987, Economic Record, page 164.

36 PBrailsford, T., J. Handley and K. Maheswar&he historical equity risk premium in Australia; %6GFC and 128

years of dataAccounting and Finan¢@011

37 AER,Envestra Ltd Access arrangement proposal for thg&network, 1 July 2011 — 30 June 2016: FinaliSien,

June 2011, page 189.

%8 PBrailsford, T., J. Handley and K. MaheswarBe;examination of the historical equity risk premiin Australia

Accounting and Finance 48, 2008, page 78.

3 Kearns, P. And A. Pagan, Australian stock mavkitility: 1875-1987, Economic Record, page 164.
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of the 28" century and the early part of the’2%entury may be attributable to chance. For
example, the AER states th&:

‘NERA's analysis simply shows that there have bgemnods of high and low stock
market variance and volatility over time’

This statement is incorrect. There was — as KeandsPagan point out — a dramatic increase
in volatility in the latter part of the 3tcentury** The update that we provided in our April
2011 reportThe market risk premium: A report for Multinet Gasd SP AusNeshows that
this increase has on average been maintained firshdecade of the 21century.

Since the AER appears to believe that our restdtsngpart an artefact of the data that we
and Kearns and Pagan use, we conduct tests heresththe data that Brailsford, Handley
and Maheswaran (2011) supply and that we uptfatéigure3.1 below plots the with-
dividend return to the All Ordinaries from 18832011. The annual return to the All
Ordinaries from 1883 to 2010 is from Brailsford,rtdéey and Maheswaran (2011) and the
return for 2011 is from Bloomber$§: ** It is obvious from the data that the market udiaf
has been a lot riskier over the last 50 years ithaas before. From 1883 through 1957 there
were no years in which the return to the marketfplio exceeded 40 per cent while from
1958 through 2011 there were nine years in whiehréiturn to the market portfolio exceeded
40 per cent’®> From 1883 through 1957 there was only one yewiich the market

portfolio lost more than 20 per cent of its valuleile from 1958 through 2011 there were
three years in which the market portfolio lost mttren 20 per cent of its value.

The sample standard deviation of the returns coatpusing data from 1883 through 1957 is
10.4 per cent while the sample standard deviatwnpuited using data from 1958 through
2011 is 22.7 per cedff Thus the sample standard deviation of the retisoms 1958 through
2011 is more than twice the sample standard dewiati the returns from 1883 through 1957.

40 AER,Envestra Ltd Access arrangement proposal for thg&network, 1 July 2011 — 30 June 2016: FinaliSien,
June 2011, page 188.

41 Kearns, P. and A. Pagan, Australian stock mardiettility: 1875-1987, Economic Record, page 163.

42 PBrailsford, T., J. Handley and K. Maheswar&he historical equity risk premium in Australia; %6GFC and 128

years of dataAccounting and Finan¢@011

43 PBrailsford, T., J. Handley and K. Maheswar@he historical equity risk premium in Australia: %6GFC and 128

years of dataAccounting and Finang@011

4 We adjust the returns for the provision of impiata.credits under the assumption that the value afie-dollar credit

distributed has a market value of 35 cents usittg da credits assembled in the way that Brailsfbiahdley and
Maheswaran describe. This value is the valuedaigin by the Australian Competition Tribunal infiéent decision
on the market value of a one-dollar credit distiéloli See

Australian Competition Tribunal, Application by Egex Limited (Gamma) (No 5) [2011] ACompT 9, Mayl40

4 Note that Figure 3.1 makes it appear that thene only eight years in which the return exceetleger cent. The

return to the All Ordinaries, however, exceedegddcent in both 1985 and 1986

%6 These estimates use the return to the All OriBsarEstimates that use the return in excesseof @ayear bond yield

are very similar. They are 10.6 per cent and p2récent

NERA Economic Consulting 17



The Market Risk Premium Historical Volatility and the MRP

Figure 3.1
The with-dividend and credit return to the All Ordi naries: 1883-2011
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Source: Brailsford, Handley and Maheswaran ( 204144l Bloomberg.

Under the null hypothesis that there has been aagshin the risk of the market portfolio
over the last 129 years, the ratio

a12958—2011 (12)

~2
018831957

will be F distributed with 54 — 1 =53 and 75 — 1 = 74 degref freedom. The numerator is
an estimate of the variance of the return to theketgortfolio computed using the 54 years
of data from 1958 through 2011 and the denominatan estimate computed using the 75
years of data from before 1958. The ratio is 22:710.4 = 4.72 and the p-value associated
with the statistic is 5.72 x 8. This p-value is the probability that one woulsserve a ratio
of 4.72 or larger if the risk of the market porifohad not changed over the last 129 years.
The fact that the p-value is so low indicates tra can reject the null hypothesis that there
has been no change in the risk of the market partbwer the last 129 years at all
conventional levels of significance. Thus theat#nce between the risks of the market
portfolio after 1957 and before 1958 is statisticaignificant whether one uses the data that
Kearns and Pagan (1993) employ or the data thals&nal, Handley and Maheswaran
(2011) supply and that we upddte.

47 Kearns, P. And A. Pagan, Australian stock mavkéitility: 1875-1987, Economic Record, pages 168-1
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It is possible that the AER may also be concerhadthe shift in risk that Kearns and Pagan
(1993) document is the result of data snoopingother words, it may be that the AER is
concerned that Kearns and Pagan have used theodatastruct a hypothesis and it is this use
of the data that is responsible for the appareigieexce against the hypothesis.

To assess whether data snooping could produceadup-as low as we compute, we conduct
simulations. The simulations use 100,000 replicesti For each replication, we draw 129
annual excess returns at random from a normallulision that has the same mean and
standard deviation, 6.1 per cent and 16.6 per esrthe imputation-adjusted data that
Brailsford, Handley and Maheswaran (2011) supply it we updaté® We split each set
of 129 annual excess returns into two subsets.fifdtesubset contains the finst
observations while the second subset containatied P9 -n observations. We sat= 2,

3, ..., 127. So we split each set of 129 annuegexreturns in 126 different ways. We also
compute 126--test statistics and the 126 p-values associatddthe statistics. Thus, in
total, we compute 12.6 million p-values. We fihdtnone of these 12.6 million p-values is
as low as 5.72 x 18, the value that we compute using the data thatsBsed, Handley and
Maheswaran (2011) supply and that we updat@hus we conclude that data snooping
cannot explain the shift in risk that Kearns andd?afind and that we confirm exists. The
evidence indicates that the shift is real.

Besides assessing the statistical significancheo§hifts in the risk of the market portfolio
that have taken place, it is also useful to asbeseconomic significance of the shifts. One
way of assessing the significance of the shifte sk what portfolio of stocks and bonds
would have the same risk from 1958 onwards as déen portfolio from 1883 through

1957. The answer to the question is that a pautfeith a weight of 10.4 + 22.7 = 0.46 in
stocks and 0.54 in bills would have the same estichask from 1958 onwards as the market
portfolio from 1883 through 1957. The substantiaight that one would have to place in
bills after 1957 to mimic the behaviour of the netrgortfolio before 1958 is a measure of
the economic significance of the shift in the viiltof the market portfolio

3.4. Risk and Return

The AER argues that it is unreasonable to expattatshift in the risk of the market portfolio
will be accompanied by a shift in théRPif one cannot identify why the risk of the market
portfolio has changed. For example, the AER sthitats

‘If NERA'’s data was segmented at 1958 on an ecoaaligijustifiable basis, its
analysis may be relevant. However, NERA did nalitpany economic reason why
volatility would be greater after 1958 in partiatla

Brailsford, T., J. Handley and K. Maheswara@he historical equity risk premium in Australia: ReGFC and 128
years of dataAccounting and Finan¢@011

48 PBrailsford, T., J. Handley and K. Maheswar@he historical equity risk premium in Australia: %6GFC and 128

years of dataAccounting and Finang@011

49 Prailsford, T., J. Handley and K. Maheswar@he historical equity risk premium in Australia: %6GFC and 128

years of dataAccounting and Finang@011
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Merton (1973) shows that the conditions which altbe CAPM to hold instant by instant are
also the conditions which guarantee that a singilgion exists between tiMRP and the
volatility of the return to the market portfoli8.>* From equation (19) of his paper:

MRP=6g?, (13)
where
6 = a measure of the aversion to risk of a represestinvestor; and
o = the variance of the return to the market paidfol

Note that Merton’s model indicates that there stidndl a positive relation between the
market risk premium and the volatility of the markegardless of what is responsible for the
volatility. Thus an observation that the volaildf the market before 1958 was far lower
than the volatility after suggests that the marlgit premium should have been lower before
1958 than after — regardless of what was respangiblthe change in volatility.

So if the risk of the market portfolio computedrfrahe earlier years of the data that
Brailsford, Handley and Maheswaran (2011) supplguger than the risk calculated from the
later years of the data and Merton’s model is ttiien an estimate of tidRP that ignores

the change will underestimate the curfetRP. °> Put another way — adjusting the earlier
data for the lower risk in that period will likelgad to arlMRP adjusted for the value of
imputation credits of well above 6 per cent peruamn

We do not, of course, view the Australian econompeing entirely segmented from world
capital markets and we fully realise that the miapketfolio of stocks is only part of the
market portfolio of all risky assets. Thus the kesrrisk premium attached to a portfolio of
stocks will inevitably be determined not directly the volatility of the market portfolio of
stocks but by the covariance of the return to tfplio with the return to some other
portfolio that will likely include foreign asseta@assets other than stocks. Changes in the
volatility of the market portfolio of stocks, thaugwill very likely be positively correlated
with changes in this covariance.

%0 The conditions are that either it is not posstblaedge against changes in the investment oppityriset or that a
representative investor does not wish to do so.

51 Merton, Robert CAn intertemporal capital asset pricing modEtonometrica, 1973, pages 867-887.

52 PBrailsford, T., J. Handley and K. Maheswar@he historical equity risk premium in Australia: %6GFC and 128
years of dataAccounting and Finang@011
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4. DGM Estimates of the MRP

A natural place to look for information on what timarket thinks th&/RP should be is in
market prices. The Dividend Growth Model (DGM)oais one, in principle, to use market
prices together with forecasts of future dividet@lsompute the return that the market
requires on an asset or portfolio. While one cdmcourse, observe market prices and
forecasts of dividends over horizons of one or yars, few analysts forecast dividends at
longer horizons. Thus as a practical matter, #deeaf the DGM requires that one make an
assumption about the long-term growth of dividends.

There are three ways in which one can construstexcést of the long-run growth in
dividends per share (DPS). First, one can asshatedal DPS growth in the future will
match real DPS growth over the past. The problétim this strategy is that past real DPS
growth is sufficiently volatile that a forecastrefal DPS growth is imprecise. Second, one
can use short-term consensus forecasts of DPSx#iaghelation to construct long-run
forecasts. The problem with doing this is thatdeenot have a sufficiently long time series
of extrapolated forecasts to judge whether extitpmi provides reliable forecasts. Third,
one can form an estimate of the speed with whiahD®S growth has in the past reverted to
its mean and use this estimate and short-termdsteto generate long-term forecasts.

We find that an estimate of the speed with whiai BPS growth reverts to its mean is
sufficiently high that there is, as a practical regtno difference between the first and third
strategies. So to be conservative, we use curmTsensus forecasts to predict DPS one and
two years from the end of December 2011 and amestiof real DPS growth over the past
to predict DPS three or more years from that dateese predictions are conservative in that
they use as a forecast of long-run nominal DPS tr@wnumber, based on past real DPS
growth and RBA targets for inflation, that lies miaally below the forecast for long-run

DPS growth that the AER uses and well below curcensensus forecasts of short-term DPS
growth.

The DGM estimates of the return that the marketireg on the market portfolio that use
Bloomberg consensus forecasts indicate that il Grgear bond yield were to be 3.96 per
cent per annum, an estimate of MBP for the next five years, relative to the yield,uabe
7.72 per cent per annum. If, on the other harellhyear bond yield were to be 5.50 per
cent per annum, an estimate of MBP for the next five years, computed using Bloomberg
consensus forecasts, relative to the yield, woel@.8 per cent per annum. Estimates of the
MRPthat use IBES consensus forecasts are almosiddent

We note that these estimates do not differ markidiy estimates constructed using the
assumptions that the AER makes inDisft Decisionabout the dividend yield, the long-run
growth in dividends, the value that the market @lan a one-dollar credit distributed and the
risk-free rate. Using the AER’s assumptions, MBP should lie between 6.44 and 7.62 per
cent per annum — far above the range that thesndlaiproduce using the DGM.
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4.1. Theory

DGM Estimates of the MRP

It will be helpful for the discussion that follows show how the DGM is derived. The

expected rate of return to a stock from time timet+1 is

E(PE+D+D(t+1)

E(R(t+1)) = =0 :
where
R(t+2) = the rate of return to the stock frdro t+1;
P(t+1) = the price of the stock &t1; and
D(t+1) = the dividend the stock paystadl.

Solving (14) forP(t) yields

P(t) = E(P(t +1) + D(t +1))
~ 1+ER(t+1))
But
Pt +1) = E(P(t +2) + D(t +2))
1+ E(R(+2)
and so

E(D(t+1) + E(P(t+2)+D(t+2)

P(t)

Proceeding in a similar manner and assuming that

im E(P(t+9))

e f| L+ E(R(t +K)))

=0

yields

Py =3 E@Urs)
= l_| @+ E(R(t +Kk)))
=1

TITERE+D)  @+ERE+D)I+ERE+2))

(14)

(15)

(16)

(17)

(18)

(19)

Equation (19) is an accounting identity rather thareconomic model that, given (18), must
hold. This identity implies, as Cochrane (2008p&asises, that the predictability of

NERA Economic Consulting
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dividends, returns and yields are intimately relaté He concludes from an analysis of US
data that returns are predictable and expectetheetie mean-reverting.

Commercial use of (19) typically does not attenopprtoduce a term structure of return
forecasts but instead tries to find the singlermaérate of return that discounts the dividends
that a stock or portfolio is expected to pay baxthe current price. In other words,
commercial use of (19) typically tries to find th&lue of ER) that satisfies

E(D(t +59) 20
PO = SZ_;1+E(R))s 29

To find the internal rate of return that discouthis dividends that a stock or portfolio is
expected to pay back to the current price requiresries of dividend forecasts. Consensus
forecasts typically only predict the dividends thattock or portfolio will pay over at most
three years. The present value of the dividenalsatstock or portfolio will pay over the next
three years, though, typically constitutes onlyreak part of the value of the asset. Suppose,
for example, that the internal rate of return fqraaticular asset is nine per cent —
approximately the average annual real return tAth®rdinaries since 1980 — and that
dividends are expected to grow by three per cenygar — approximately the annual real
growth in the dividends that the All Ordinaries pasd since 1980. Then the present value
of the dividends that the asset will pay over thgtrithree years will constitute less than 16
per cent of the value of the asset. Thus what@ssumption is made about the long-run
growth of the dividends that an asset will pay widly an important role in determining the
return that the DGM will predict the asset showddne

We have consensus forecasts over only two years@imdwhat follows, we assume that
E(D(t +s)) = E(D(t + 2))(L+ g)* 2, s> 2. (21)
where
g = long-run dividend growth.

With this assumption

P()

_E(D(t+D) , E(D(t+2) 1 (22)
1+ E(R) 1+E(R) |E(R)-g)

This expression can be solved #©(R).

4.2. Empirical Evidence

As we have emphasised, an estimate of the retatritth market requires on an asset or
portfolio that uses the DGM depends crucially oimestes of the long-run growth in

53 Cochrane JThe dog that did not bark: A defense of return fodility, Review of Financial Studies, 2008, pages
1533-1575
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dividends. One place to look for estimates of vthatgrowth in dividends might be in the
long-run is in the past behaviour of dividends.

Table4.1 provides summary statistics for the real gromtBPS for the All Ordinaries and

for the real growth in GDP using data from 1982@d1. We examine the behaviour of real
GDP growth as well as real DPS growth because #R suggests that there should be a link
between the two quantitied. We use data over this period because daily rice
accumulation indices are available from 1980 onwdinet allow one to accurately compute a
DPS series for the index. We use inflation dagé Brailsford, Handley and Maheswaran
(2011) provide and update their series using data the Australian Bureau of Statistics
(ABS).>> We also collect real GDP growth (series ID A2302B) from the ABS.

Table4.1 shows that the mean growth in real DPS andnen growth in real GDP have
both been around three per cent per annum overethed 1981 to 2011. The growth in real
DPS, however, has been far more volatile than toety in real GDP. As a result, a 95 per
cent confidence interval for mean real DPS growtfar wider than a 95 per cent confidence
interval for mean real GDP growth. A 95 per camifcdence interval for mean real DPS
growth is from -1.30 to 7.44 per cent per anntimA 95 per cent confidence interval for
mean real GDP growth is from 2.59 to 3.89 per pentannum.

Table 4.1
Summary statistics for real DPS and GDP growth from 1981 to 2011
Variable Mean Standard deviation
Real DPS growth 3.07 12.41
(2.23)
Real GDP growth 3.24 1.82
(0.33)

Note: Data are from the ABS and Bloomberg. Steshéarors are in parentheses

To test for a link between real DPS growth and @&aP growth, we regress real DPS growth
on real GDP growth and real GDP growth lagged aa.y The results of this regression
appear in Table 4.2. The table shows that thegiesignificant positive contemporaneous
relation between real DPS growth and real GDP dramid also a significant positive

relation between real DPS growth and real GDP drdagged one year. Although we do
not report the results of further tests, we findsignificant relation between real DPS growth
and real GDP growth at longer lags.

54 AER, Draft Distribution Determination Aurora Energy Ptyd 2012—13 to 2016—] November 2011.
55 PBrailsford, T., J. Handley and K. Maheswar&he historical equity risk premium in Australia; %6GFC and 128
years of dataAccounting and Finan¢@011

% Atighter, but not dramatically tighter, 95 p&nt confidence interval for mean real DPS growih lva constructed

using the annual data that Brailsford, Handley lliatheswaran (2011) provide. Using their data, ugdiad 2011, we
find that a 95 per cent confidence interval for mesal DPS growth lies from 0.26 to 4.84 per cent.
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Around one half of the variation in real DPS growibwever, cannot be explained by real
GDP growth. Figure 4.1 plots real DPS growth, @BIP growth and that portion of real
DPS growth unexplained by Talle2’s regression against time. In 2005 there was a
increase in DPS from the year before of 23.38 pat that is largely unexplained by Table
4.2’s regression while in 2009 there was a faDPS from the year before of 24.31 per cent
that is largely unexplained by the regression.

Table 4.2
Relation between real DPS and GDP growth from 1981  to 2011

Ordinary least squares estimates

Coefficient on

Lagged
Intercept GDP growth GDP growth R?
-17.29 3.25 3.11 45.70
(5.09) (0.95) (0.96)

Note: Data are from the ABS and Bloomberg. Théestahows the results of regressing real DPS
growth on real GDP growth and real GDP growth laggene year. Estimates are outside
parentheses while heteroscedasticity and autocaticei consistent standard errors are in
parentheses.

The fall in real DPS in 2009 can also be seenguifé 4.2 which plots real DPS against time.
One explanation for the abnormal decline in dividiepaid is that companies have been
conserving cash because of conditions in crediketar

Figure 4.2 also plots consensus forecasts of D&3loomberg provides. These consensus
forecasts appear in Table 4.3 along with IBES cosise forecasts. Table 4.3 shows that the
consensus is that dividends are expected to grewtbe next two years by around eight per
cent per annum.

Using interpolation and the Bloomberg consensusciasts, an estimate of the DPS for the
All Ordinaries for December 2012 is

212347+226889 +~2=219618 (23)
and for December 2013
(226.889+ 244585 +~2 = 235737. (24)

Using interpolation and the IBES consensus forscast estimate of the DPS for the All
Ordinaries for December 2012 is

(209.690+ 227532 + 2 = 218611 (25)
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and for December 2013

DGM Estimates of the MRP

(227.532+ 246752 + 2 =237.142. (26)
Figure 4.1
Real DPS growth for the All Ordinaries from 1981 to 2011
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Note: Data are from the ABS and Bloomberg.

The Australian Competition Tribunal in its recemrttsion indicates that the AER should
place a value of 35 cents on each one-dollar intjputaredit distributec®’ Brailsford,

Handley and Maheswaran (2008) indicate that onaaee75 per cent of dividends distributed
are franked and the corporate tax rate is curr@ttiper cent®

So to take into account the

value of credits distributed, we multiply each Di@&cast by>®

57

58

59

NERA Economic Consulting

This value is the value laid down by the AusgmalCompetition Tribunal in its recent decision ba market value of a
one-dollar credit distributed. See

Australian Competition Tribunal, Application by Egex Limited (Gamma) (No 5) [2011] ACompT 9, May120

Brailsford, T., J. Handley and K. MaheswarBe;examination of the historical equity risk premiin Australia
Accounting and Finance 48, 2008, page 85.

With a corporate tax rate of 28 per cent, whiehgovernment hopes to introduce in 2014, the &dprs factor would
be 1.1021. Using this lower corporate tax rateci®anthe expected return to the market portfoli@bmund 5 basis
points.
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1+ 035x 075><( 030 j =1.1125 (27)
-030
Table 4.3
Consensus forecasts of DPS
June 2012 June 2013 June 2014
Bloomberg 212.347 226.889 244.585
IBES 209.690 227.532 246.752

Note: Data are from Bloomberg and IBES. The DRSfar the All Ordinaries.

It is difficult to forecast the long-run growth dividends. We fit a regime-switching model
for real DPS growth in which there is a high-growsthte and a low-growth state and find
that the rate at which the model tends to move foomn state to another is sufficiently fast
that there is little point in using short-term census forecasts and estimates of past real DPS
growth together to forecast long-run DPS growth. irftead we assume that the expected
long-run growth in real DPS equals the past grawtteal DPS over the period 1981 to 2011
of 3.07 per cent per annum, although, as we hawggqubout, the past growth is sufficiently
volatile that it is difficult to determine with ardegree of precision what is the mean growth
in real DPS. We also assume that expected infidigs at the middle of the RBA target
range of 2 to 3 per cent, that is, it equals 2r5ceat® With these assumptions the expected
long-run growth in dividends will be

100x ((1+0.0307) x (L+0.0250 -1) = 565 percent. (28)

Thus the assumption that we make about the longprowvth in dividends is conservative in
the sense that we assume that it lies below theetmus forecast of the growth in dividends
of around 8 per cent per annum on average overdketwo years. The level of the All
Ordinaries Price Index at the end of 2011 was 4,13d from (22), it follows that if we use
the Bloomberg DPS forecasts, the expected retutimetonarket portfolio, B), must satisfy

4111=

2196178x1.1125 2357368x1.112 1
& SN

1+E(R) 1+E(R) E(R) -0.056

The value of E(R) that satisfies (29) is 11.68 qgat per annum. From (30), if we use the
IBES DPS forecasts, the expected return to the enadrtfolio, ER), must satisfy

2186110x1.1125  237.1420x1.112 1
4111= i = (30)

1+E(R) 1+E(R) E(R) - 0.056

The value of E(R) that satisfies (30) is 11.71qat per annum.

80 hitp://www.rba.gov.au/monetary-policy/about.html
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The DGM estimates of the return that the marketireg on the market portfolio that use the
Bloomberg consensus forecasts indicate that il (hgear bond yield were to be 3.96 per
cent per annum, an estimate of MBP for the next five years, relative to the yield,uadbe
7.72 per cent per annufth.If, on the other hand, the 10-year bond yieldenterbe 5.50 per
cent per annum, an estimate of MBP for the next five years, computed using the
Bloomberg consensus forecasts, relative to thelywebuld be 6.18 per cent per annim.

Figure 4.2
Real dividends on the All Ordinaries
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Note: Data are from the ABS and Bloomberg.

The IBES forecasts produce almost identical resulltse DGM estimates of the return that
the market requires on the market portfolio that tie IBES consensus forecasts indicate
that if the 10-year bond yield were to be 3.96q®nt per annum, an estimate of MBRP for
the next five years, relative to the yield, woulelh75 per cent per annum. If, on the other
hand, the 10-year bond yield were to be 5.50 pet per annum, an estimate of tM&P for

the next five years, computed using the IBES cosiseforecasts, relative to the yield, would
be 6.21 per cent per annum.

51 Arisk-free rate of 3.96 per cent per annum igited by applying the AER’s method of interpolatio the observed

yields on 10-year Commonwealth Government Secar{tS), as measured over the 20-day averagingdoeri
20 December 2011. The AER'’s method of interpofaisoconsistent with clause 6.5.2(d) of the Natidlactricity
Rules.

52 Arisk-free rate of 5.50 per cent has been ddra&an historical average of the yields on 10-@@8, and has been

proposed by Aurora Energy in its revised regulafmgposal (see section 9.5.1, page 93).
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4.3. AER’'s DGM Estimates

The AER in itsDraft Decisionclaims that it uses the DGM to produce estimatébkedMRP
of between 4.5 and 5.6 per cent per anrfinThe AER states that it bases these estimates
on:

* a market value for a one-dollar imputation credtributed of 35 cents;
e an assumed dividend growth rate of 6 per cent; and
+ adividend yield of between 4 and 5 per cent dréram the RBA table f07.pd

Imposing the assumption that
ED(t+9) =EO®)L+9)°,  s>0 (31)
yields the familiar form of the DGM

D(t+1 1+ g)D(t
E(R) :¥+ :M+ (32)
P(t) P(t)
Plugging in the numbers that the AER states thades and a yield at the top of their range of
5 per cent per annum and grossing up the yielthibassumed value of imputation credits
distributed produces an estimate of the returieéonarket of

E(R) =100x ((L+ 006) x1.1125x 0.05+ 0.06) =11.90 percent (33)

This estimate is 22 basis points higher than thienase that we construct using Bloomberg
consensus forecasts and 19 basis points highethbastimate that we construct using IBES
forecasts. Plugging in the numbers that the AERestthat it uses and a yield at the bottom
of their range of 4 per cent per annum and grossintine yield for the assumed value of
imputation credits distributed produces an estinoatie return to the market of

E(R) =100x ((L+ 006) x1.1125x 0.04+ 0.06) = 10.72 percent (34)

In its Draft Decisionthe AER uses a risk-free rate of 4.28 per centusing the AER’s
assumptions and the risk-free rate that they chdabs®RP should lie between 6.44 and
7.62 per cent per annum — far above the rangahbBaER claims to produce using the
DGM.

4.4, Hathaway’'s DGM Estimates

Hathaway (2011) uses the DGM, consensus forecABIR® growth and extrapolation to
produce estimates of ttdRP of between 6.60 and 7.50 per cent per annumvenghe

6 AER, Draft Distribution Determination Aurora Energy Pyd 2012—13 to 2016—] November 2011, page 234.

64

http://www.rba.gov.au/statistics/tables/pdf/f07.pdf
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yield on 10-year bonds of around 5.50 per cerft@tiine, estimates of the expected return to
the market portfolio of around 12.10 and 13.00qeen®®> The forecast of long-run DPS
growth that he uses is 8.12 per cent per annuin oeal terms, approximately

100x ((1+0.0812 +1.0250-1) = 548 percent. (35)

Although higher than mean real DPS growth betwe381Jand 2011, this figure does not fall
outside a 95 per cent confidence interval for te@mconstructed using data from 1981 to
2011.%° However, as we have noted, we do not have acgaritly long time series of
extrapolated forecasts to judge whether extramigirovides reliable forecasts.

4.5. Bloomberg’s CRP Estimates

Bloomberg produces estimates of MBP for a number of countries, including Australia,
using the DGM. Officer and Bishop describe the wawhich Bloomberg constructs these
estimates as follow¥"

‘Bloomberg works with individual stocks in each oty’s equity index. They use
a three stage growth approach generally transitgpaiver 14 years from a 3 year
near term growth rate to a long term or maturityvgh rate. The internal rate of
return is derived from solving for the discounerttat equates the present value of
the dividend forecasts with the current share piitese internal rates of return are
market capitalisation weighted to generate an diverarket rate of return. The
current yield on 10 year Treasury Bonds is dedufttad this to determine a

market risk premium.’

Bloomberg’s estimate of tHdRP for Australia computed in this way was 10.52 pemtgqer
annum as of 10 January 2012. The lower estimhaggsme produce will reflect the more
conservative assumption that we make about lond#8 growth.

% Itis not clear from Hathaway’s report what vafaethe 10-year yield he uses.

Hathaway, N., Forward estimates of the marketpignium, Capital Research, April 2011.

% It does, however, lie outside a 95 per cent cemite interval for mean real DPS growth construasédg the annual

data that Brailsford, Handley and Maheswaran (2@tdyide, updated to 2011, of from 0.26 to 4.84qent.

57 Officer, R. and S. Bishop, Market risk premiunalive Adviser Associates, August 2008, page 14.
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5. Survey Evidence

In choosing a value for thHdRPthe AER places some weight on survey evidence. Fo
example, the AER states in its recBmaft Decisionthat:®®

‘Surveys of market practitioners and academicsigeminformation on the
expected forward looking MRP and their applicatiopractice.’

The AER summarises the survey evidence in theiatig way:®®

‘The latest survey based estimates of the MRP ateithat the forward looking
MRP expected to prevail in the future has not clkdrags a result of the GFC. In
fact, the survey evidence did not indicate a [dtebpnge in the MRP employed by
market practitioners even at the height of the GFC.

We will emphasise in this section that there anember of problems with the surveys that
the AER cites:

» the surveys that the AER cites typically do notlakphow those surveyed were
chosen;
e a majority of those surveyed in the surveys thatAER cites did not respond,;

* itis unclear what incentives were provided to wdlials contacted by the surveys
that the AER cites to ensure that respondents wanadide accurate responses;

e itis unclear whether respondents are supplyinghests of theMRP that use
continuously compounded returns or not continuousiypounded returns;

» it unclear what risk-free rate respondents use;i@pdrtantly

» itis unclear how relevant some of the surveys tth@tAER cites are because of
changes in market conditions since the time at lwthe surveys were conducted.

The AER states in itBraft Decisionthat:’®

‘Survey based estimates may be subjective, thdugltbncern is mitigated as the
sample size increases.’

This statement assumes that the error with whicheys estimate thBIRP can be diversified
away across surveys. This need not be true. Xample, if all of the surveys were
conducted at a time when tMRP was low, then they will all tend to underestimagie MRP
and the error that they make in estimating theecuMRP will not be diversified away.

As an example of the problems that can arise, vie that with regard to one of the most
recent surveys to which the AER refers, the sup@yducted by Asher (2011), thét:

6  AER, Draft Distribution Determination Aurora Energy Phyd 2012—13 to 2016—]November 2011, page 214.
8 AER, Draft Distribution Determination Aurora Energy Phyd 2012—13 to 2016—] November 2011, page 229.

0 AER, Draft Distribution Determination Aurora Energy Phyd 2012—13 to 2016—] November 2011, page 215.
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e only 49 of 2,000 surveyed responded; and that

¢ the survey was conducted in February 2011 when pmtds and stock prices were
relatively high and when a DGM forecast of &P would have been 295 basis
points lower than an otherwise identical forecaststructed in December 2011.

The low number of responses raises the possilthildgythe sample of respondents is not
representative of the population. We also note tha

* Asher stated in a seminar in May 2010 in frontafividuals whom he later surveyed
that ‘the implied equity premium is more or lessi@do the dividend yield which is
probably at this stage somewhere between 3 and depe— | think that may be a
reasonable thing to work or?

This public statement about the surveyor’s viewbét would be a correct response to the
primary question he plans to ask in a survey haspla conduct raises the possibility that the
results of the survey will merely mirror his owrewis.

We note in addition that:

* Asher stated in the seminar in May 2010 in fronindividuals whom he later
surveyed that he intended to conduct surveys egaar basis and publish the results
to produce ‘a more informed consens(s.’

This raises the possibility that some of the paodints felt encouraged to respond to the
survey with the view about tHdRP expressed by Asher in the seminar.

Because of the problems with Asher’s survey, wénsetesults aside.
The AER states in its receBtaft Decisionthat:”*

‘survey evidence of the MRP prior to the onsethef GFC supported a forward
looking estimate of 6 per cent. The latest sunesel estimates of the MRP
indicate that the forward looking MRP expectedttevail in the future has not
changed as a result of the GFC.’

The values for thtMRPto which the AER refers are typically values teatludethe value of
imputation credits. The with-imputation credit walfor theMRPthat corresponds to a
without-credit estimate of 6 per cent is around&86is points higher. Thus the survey
evidence, if correctly interpreted, indicates therage imputation-adjustéddRP adopted by
market practitioners is 6.5 per cent. It is th@unation-adjustetMRP that the AER uses to
determine an appropriate return on capital forgalieted utility.

L Asher,Equity Risk Premium Survey — results and comm@wtsiary Australia 2011 Issue 161, July 2011, gadé-

15.
2 http://www.actuaries.asn.au/Library/1110%20Ashe gkgbdf

http://www.actuaries.asn.au/Library/6b_Asher AshEm

3 http://lwww.actuaries.asn.au/Library/6b_Asher AstE8m

7 AER, Draft Distribution Determination Aurora Energy Phyd 2012—13 to 2016—] November 2011, page 229.
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5.1. Survey Estimates of the MRP

The seven surveys to which the AER refers in itenéDraft Decisionare:”

a KPMG (2005) study of 118 independent expert u@unaeports of which 33 used
estimates of th&IRP, "°

. aCapi7t7aI Research (2006) study of 12 broker ‘ddilbestaining estimates of the
MRP,

» acomprehensive survey of 356 Australian firms byohg, Partington and Peat
(2008) that elicited 87 responséS;

» asurvey of an unknown number of Australian acadery Fernandez (2009) that
elicited 23 response§’

» asurvey of an unknown number of Australian analisst Fernandez and Del Campo
(2010) that elicited seven responé8s;

» asurvey of an unknown number of Australian acaderand practitioners by
Fernandez, Aguirreamalloa and Corres (2011) thiited 40 response$; and

« asurvey of 2,000 Australian actuaries by Ashef{3@hat elicited 49 responsés.

Because of the problems with Asher’s survey to Whie have alluded, we will set aside his
results for the time being. Tallel suggests setting aside also for the time being the issue
of whether the estimates of the MRP that the ssruegyort exclude or include the value of
imputation credits- that the AER’s summary of the results of theagrmg six surveys is

not unreasonable. The mean of MiRP estimates contained in the five surveys is mailyina
higher than 6 per cent per annum but the mode appede exactly 6 per cent. Of course,
Fernandez has conducted three surveys of Austratiademics and practitioners and so
some individuals may have responded more than once.

S AER, Draft Distribution Determination Aurora Energy Ptyd 2012—13 to 2016—] November 2011, pages 229-230.

" KPMG, Cost of capital — market practice in relation togutation credits August 2005.

T Capital ResearcHelstra’s WACC for network ULLS and the ULLS an8 BGsinesses — Review of reports by Prof.
Bowman — Associated Professor Neville Hathagwégrch 2006.

®  Truong, G., G. Partington and M. Pdaast of capital estimation and capital budgetinggiice in Australia
Australian Journal of Management, 2008, pages 25-12

" Fernandez PMarket risk premium used by professors in 2008urvesy with 1400 answertESE Business School
Working Paper, WP-796, May 2009.

8  Fernandez, P. and J. Del Cami@arket risk premium used in 2010 by analysts andanies: A survey with 2400
answers IESE Business School, May 21 2010.

81 Fernandez, P., J. Aguirreamalloa and L. CofEgsity market risk premium used in 56 countrie20d1: A survey
with 6,014 answerdESE Business School, July, 2011.

82 Asher,Equity Risk Premium Survey — results and comm@wtsiary Australia 2011 Issue 161, July 2011, gadé-
15.
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From Table 5.1, the mean estimate of MiieP computed using the 153 responses from the
five surveys is 6.14 per cent — marginally higham the 6 per cent that the AER states is the
average, but little different. Fernandez (200@yn&ndez & del Campo (2010) and
Fernandez, Aguirreamalloa and Corres (2011) dprmtide sufficient information to
determine the modes of the responses to their gairéPMG (2005), however, reports that
25 of the 33 estimates of tMRP that it found contained in independent expert aadun
reports were 6 per cent per annum, Capital Res€a6¢6) reports that one of the 12
estimates that it extracted from broker ‘dailiesisné per cent and Truong, Partington and
Peat (2008) report that 18 of the 38 estimatebeiMRP that they were sent were 6 per cent.
Thus the AER’s previously expressed view that sggvadicate that 6 per cent is the most
commonly adopted value for théRP also appears to be correct.

Table 5.1
Survey estimates of the MRP

Responses Mean Median Mode
KPMG (2005) 33 7.51 6.00 6.00
Capital Research (2006) 12 5.09 5.00 5.00
Troung et al. (2008) 38 5.94 6.00 6.00
Fernandez (2009) 23 5.90 6.00
Fernadndez & del Campo (2010) 7 5.40 5.50
Fernandez et alia (2011) 40 5.80 5.20
Total 153 6.14

It is also important to know whether the estimatethe MRP reported are adjusted for the
value, if any, that the market places on imputatiedits.

5.2. Do the Survey Estimates Include Imputation Cre  dits?

Of the six surveys, only the KPMG (2005) surveyvides comprehensive information on
whether respondents include or exclude a valuafpuotation credits from the value they
place on thdVRP. KPMG states thaf®

‘Of the 118 reports reviewed, we found that 33 repadopted the Capital Asset
Pricing Model (“CAPM?”) for estimating the cost ofjaity. Of these reports none
made any adjustment for the value of imputatiomlitse

‘none attributed their choice of value for the MBRhe decision not to adjust for
dividend imputation’

Two of the surveys provide information on whethempanies — not necessarily those
providing estimates of thdRP — account for imputation credits in conductinguaions.

8 KPMG, Cost of capital — market practice in relation togutation credits August 2005, pages 1-2.
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Capital Research (2006) cites an unpublished irs@d@ounty Investment Management
survey of nine brokers that finds that five of thésokers place a value on imputation credits
in valuing companies, while one sometimes doessantketimes does not and three do not
place a value on imputation credits.

Truong, Partington and Peat (2008) report thatdiBganies stated that they accounted for
imputation credits in project evaluation while Ghtpanies stated that they did not account
for imputation credits in project evaluatidh.Thus Truong, Partington and Peat found that
82 per cent of respondents (60 out of 73) did cobant for imputation credits.

The survey questions that Fernandez (2009), Feazamad del Campo (2010) and
Fernandez, Aguirreamalloa and Corres (2011) send@unot mention imputation credits or
taxes. A keyword search of the three papers ®mbrds ‘franking’ and ‘imputation’
produced only one hit — the following responseenfandez and del Campo’s study from an
analyst®®

‘Possibly an area where a practitioner like me ddaénefit is whether it makes
sense to use differeMRP estimates as economic conditions change and/arsine
of ranges for cost of capital estimates for vatuadi capital budgeting/
performance measurement etc. The long run histicaicerage seems almost
meaningless when one looks at both the standand @rthe estimate (7.5%
imputation adjusted average with a[n] SE of 23%) anthe ranges/volatility of
annual estimates.’

This analyst provides in his or her response antatpn-adjusted estimate of tMRP of

7.5 per cent while Table 4 of Fernandez and deli2af®010) reports that the maximum
MRP reported by Australian respondents is 6 per é&ft. This implies that, for at least this
responder, his or her response of, presumably 6l was imputation credit unadjusted.
This illustrates the fact that responders that tat@account imputation credits in conducting
valuations will not necessarily provide estimatéthe MRPthat are imputation-adjusted. In
contrast, responders who do not take into acconptiiation credits will always provide
estimates of th&RP that are imputation-unadjusted.

Table5.2 summarises what we know about whether the nelgye to the six surveys
reviewed by the AER in itBraft Decisionadjust or do not adjust for imputation credithieT
table provides only the numbers of individualsretitutions that we know adjust and those
that we know do not adjust. The table indicates 838 per cent (96 + (96 + 19)) of
individuals or institutions that provided informati on whether they adjust do not adjust.
This suggests that a lower bound on the propodfandividuals or institutions providing

8 Truong, G., G. Partington and M. Pdaast of capital estimation and capital budgetinggiice in Australia

Australian Journal of Management, 2008, page 115.

8  Fernandez, P. and J. Del Camiarket risk premium used in 2010 by analysts andganies: A survey with 2400

answers IESE Business School, May 21 2010, page 13.

8  The analyst surely provides an estimate of theuation adjusteMRP of 7.5 per cent per annum and an estimate, not

of the standard error of the estimate, but of thadard deviation of the annual excess returneartarket portfolio of
23 per cent per annum.

8 Fernandez, P. and J. Del Camidarket risk premium used in 2010 by analysts andganies: A survey with 2400

answers IESE Business School, May 21 2010, page 4.
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estimates of th&IRP that are imputation-unadjusted is 83 per cenfiglre of 83 per cent is
likely to be a lower bound because, as we have, seeme individuals or institutions may
take into account imputation credits in conductraguations but will not provide estimates
of theMRPthat are imputation-adjusted.

Table 5.2
Do survey responders adjust for imputation credits?
Adjust Do not adjust
KPMG (2005) 0 33
Capital Research (2006) 5 3
Troung et al. (2008) 13 60
Fernandez (2009) 0 0
Fernandez & del Campo (2010) 1 0
Fernandez et alia (2011) 0 0
Total 19 96

The evidence that Tab%2 provides is consistent with the view of McKaenand Partington
(2010) who state th&f:

‘it probably is the case that ignoring imputatigedits in valuations is widespread.’

Since the AER does place a value on imputationitsrélistributed, it is necessary for these
survey estimates — the vast majority of which aradjusted — to be adjusted.

5.3. The Impact of Imputation Credits onthe  MRP

Determining the impact of imputation credits on MiRP requires one make assumptions
about what value the market places on a dollaredits distributed and the face value of the
credits distributed. The AER assumes that the atarklue of a one dollar credit distributed
is 35 cents® The yield on the All Ordinaries at the closerafte on 30 December 2011 was
4.74 per cent while the corporate tax rate is culye80 per cent. So if we follow Brailsford,
Handley and Maheswaran (2008) and assume thatr@®peof dividends distributed are
franked, the value to the market of credits distiélol, with these figures, must fe:

0.35x Q.75x 0320 x 474 = Q53 percent. (36)

8  McKenzie, M., and G. PartingtoReport to AER: Evidence and submissions on gar@i#arch 2010, page 27.

8 AER, Draft Distribution Determination Aurora Energy Phyd 2012—13 to 2016—] November 2011, page 227.

% Brailsford, T., J. Handley and K. MaheswarBe;examination of the historical equity risk premiin Australia

Accounting and Finance 48, 2008, page 85.
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So, with these figures, an adjustment for credgiuted is 53 basis points, which, relative
to anMRP of 6 per cent, is a significant numb¥r.For example, it marginally exceeds the
upward revision of th&RPfrom 6 to 6.5 per cent per annum that the AER ol in 2008
and the downward revision from 6.5 to 6 per cemtgmenum that the AER has recommended
in 2011.

5.4. Asher’s Survey

Asher’s survey was conducted in February 282 Even though we see serious problems
with his survey, it will be useful to investigatdat an estimate of tHdRP, constructed
using the DGM, would have been at the end of Felgrd@11 and so by how much a DGM-
based estimate will have changed between thataimdehe end of 2011.

Consensus forecasts taken from Bloomberg at th@ERdbruary 2011 appear in Table 5.3.
Using interpolation and these forecasts, an estimfithe DPS for the All Ordinaries made at
the end of February 2011 would have been for Fepr2@12

(4x197.698+ 8% 216738 +12 = 210391 (37)

and for February 2013

(4%216.738+8x 23430 +12 = 228446. (38)
Table 5.3
Consensus forecasts of DPS
June 2011 June 2012 June 2013
197.698 216.738 234.301

Note: Data are from Bloomberg. The DPS are fer il Ordinaries.

The level of the All Ordinaries Price Index at thved of February 2011 was 4,923.6. So
using the forecast for long-run growth in DPS d@®bper cent per annum that we employed
in Section 4, it follows from (22) that the expeatteturn to the market portfolio, Ef, must
satisfy

%1 At the time that the surveys were conducted talel yn the All Ordinaries may have been lowerawarage, than 4.74
per cent. Also, the evidence in Tabl@ suggests that up to 17 per cent of the estadttheMRP provided by the
five surveys may have been adjusted for the vdlatthe market attaches to imputation credits. ékhgence
provided in Tablé.1, however, shows that the average estimateedfiRP provided by the 153 respondents to the
five surveys was 6.14 per cent. Thus so long @yi#ld when the surveys were taken was no lowervenage than

(650-614) [ 1-03

j = 386 percent,
(1- 017)x0.35x0.75 0.3

then an average imputation-adjusted estimateed1fRP will be no lower than 6.5 per cent.

92 Asher,Equity Risk Premium Survey — results and comm@wtsiary Australia 2011 Issue 161, July 2011, gadé-
15.
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49236000=

2103912x1.1125 2284464x1.112 1
* 5| (39)

1+E(R) 1+E(R) E(R) - 0.056

The value of E(R) that satisfies (39) is 10.53 gat per annum, 115 basis points below the
corresponding estimate of 11.68 per cent constiuzt¢he end of December 2011. The 10-
year yield at the end of February 2011 was 5.4&pet per annum and the yield at the end
of December 2011 was 3.67 per cent. So estimétbe MRP using these yields would have
been 5.06 per cent in February 2011 and 8.01 pericé®ecember 2011 — a difference of
295 basis points.

Asher’s (2011) published paper does not reveal many respondents there were to his
survey — although one can infer roughly how maioynfthe graphs that he provides — and
importantly the published paper does not provigertimber of individuals surveyed — and
so the number of non-respondefitsWe have, however, contacted Asher and he has
graciously provided this information and other mmf@tion that was missing from the
published paper.

The mean imputation-adjusted 10-y®&4RP across the 49 respondents to Asher’s survey was
4.70 per cent with a standard deviation of 2 pet ead so a standard error ofl29 = 0.29

per cent. In private correspondence, Asher hasusithat 37 respondents revealed whether
they made an adjustment for imputation creditsthatithe average adjustment made by
these 37 individuals was to add 81 basis pointse®RP. It follows that the mean
imputation-unadjusted 10-ye®tRP across the 49 respondents would have been 3.8%per

if those who did not reveal whether they adjustadccfedits behaved in the same way as
those that did reveal whether they made an adjudtnf@n the other hand, the mean
imputation-unadjusted 10-ye®tRP across the 49 respondents would have been 4.0&per

if those who did not reveal whether they adjustedcfedits made no adjustment. Either way,
the mean imputation-unadjustmtRP that Asher reports lies significantly below theame
response across the other six surveys.

Interestingly, Asher finds that 27 of the 37 resgemts who revealed whether they made an
adjustment for imputation credits made an adjustrtieat implied that they place a value on
a one-dollar credit of almost one dollar. One $thmot, however, infer from this evidence
that the market places a value of close to on@dol a one-dollar credit. Asher reports that
most of the respondents work in Insurance, Investser Superannuation. An Australian
fund manager will place a value of almost one daillaa one-dollar credit distributed
regardless of what value the market places on adohar credit. Foreign fund managers

will place little value on credits distributed, agaregardless of what value the market places
on a one-dollar credit. The low value that foreigvestors place on credits strongly suggests
that the value that a long-term representativestorewill place on credits will be around
zero. Even if the market places essentially naevain credits distributed, however,
Australian investors will continue to place a vatuethe credits. The value that they place
on credits, however, will have little impact on st of equity.

9 Asher,Equity Risk Premium Survey — results and comm@wtsiary Australia 2011 Issue 161, July 2011, gadé-

15.
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5.5. AMP Views

The AER cites the views of AMP Chief Economist Shaiver to support its views. The
AER notes that*

‘recent research completed by Shane Oliver, Heddvelstment Strategy and
Chief Economist at AMP Capital Investors, suggesitad the likely equity risk
premium for a 5 to 10 year period is 5.9 per cesed on historical data. However,
Oliver noted that this realised equity risk premiisnprobably exaggerated by a
low starting point for the price to earnings ratitgking it easier for shares to
provide decent returns. Oliver stated that AMP @apnvestors estimate of the
prospective required equity risk premium for shasesround 3.5 per cent.’

It is not clear from where the 5.9 per cent to WH@liver refers came. He states tfat:

‘A more formal way to compare the prospective netiuom shares versus bonds is
to calculate what is known as the equity risk ptem{ERP). Over very long
periods, the excess return of shares over bondganeesl. Over the period since
1900 it has averaged 4.4% p.a. in the US and 5.8%rpAustralia.’

If the estimate came from the same data that the @mploys, then it is not clear that this
estimate of 5.9 per cent provides additional infation beyond the information that
Brailsford, Handley and Maheswaran (2011) provide.

Oliver provides no explanation about from where3teper cent came and so it is difficult to
know what to make of the estimal@.It is also difficult to know what to make of the
distinction that he draws in the same article taciwithe AER refers between the likely risk
premium and the required risk premium. If these guantities were really to differ, then
investors would be ignoring opportunities to incegheir welfare. If the likely risk

premium were to exceed the required risk premiwnekample, investors would improve
their welfare by increasing their position in eggst If the required risk premium were to
exceed the likely risk premium, on the other handestors would do better to reduce their
position in equities.

Interestingly, more recent advice from Oliver iattthe return to Australian shares is likely to
be around 12 per cent in 20£2.This forecast is 32 basis points above the fatesa
generate in Section 4 using the DGM and Bloombergsensus forecasts of DPS.

9 AER, Draft Distribution Determination Aurora Energy Ptyd 2012—13 to 2016—] November 2011, page 230.
% Qliver, ShaneAre shares good value & what about bank dep@#sIP Capital Investors, September 2010.
%  Qliver, ShaneAre shares good value & what about bank dep@ssIP Capital Investors, September 2010.

97 Qliver, Shane2011 in review: Should we be concerned about 2084P Capital Investors, December 2011.
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6. Conclusions

This report has been prepared for CitiPower, Jemeoaercor, SP AusNet and United
Energy by NERA Economic Consulting (NERA). CitiPerwJemena, Powercor, SP AusNet
and United Energy have asked NERA to examine a eamibissues concerning the market
risk premium MRP) that arise from the Australian Energy Regulatogsently published
Draft Distribution Determination Aurora Energy Ptyd 2012-13 to 2016-1(the AER’s
Draft Decisior).

In particular, CitiPower, Jemena, Powercor, SP Aeisthd United Energy have asked
NERA to assess:

» whether an estimate of tthdRP computed using historical data should be based on
the arithmetic mean of a sample of returns to theket portfolio, on the geometric
mean or on some weighted average of the two means;

» whether the historical evidence indicates, givement market conditions, that an
MRP of 6 per cent per annum inclusive of the valuengfutation credits is
appropriate;

» what forecasts of theIRP are generated by the Dividend Growth Model (DGM),
current consensus forecasts of future dividend tir@md the current yield on the
market portfolio; and

» whether the survey evidence that the AER summapg®sdes support for aMiRP
of 6 per cent per annum inclusive of the valuengbuitation credits.

There can be a substantial difference betweenritieregetic mean of a sample of returns and
the geometric mean of the same sample. We emghihsis

« aWACCthat is based solely on the arithmetic mean @rapde of annual excess
returns to the market portfolio will — so long &g bther components of tiéACC
have been correctly computed — produceianiasedestimate of the revenue that the
market requires in any one year on the regulatsetdmse. In contrastVdACCthat
is in part based on an estimate of kP that places a positive weight on the
geometric mean of a sample of annual excess retorte market portfolio will — so
long as the other components of WACChave been correctly computed — produce a
downwardly biase@stimate of the revenue that the market requiresy one year;
and

« if the excess return to the market portfolio idadr uncorrelated — and the evidence
against the hypothesis is weak — then an unbiast@dade of one of the discount
factors used to smooth prices, whilst leaving ti/Nf post-tax revenue unchanged,
will require one use an estimate of MI&P thatexceedshe arithmetic mean of a
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sample of annual excess returns to the marketgiortind so will require an estimate
that places a negative weight on the geometric niean

The volatility of the return to the Australian matlportfolio — or at least a typical choice of a
proxy for the portfolio, the All Ordinaries — hagdn far from constant over time. We find
that:

« the historical evidence indicates that the Ausdralnarket portfolio was substantially
less risky in the later part of the“l@entury and the earlier part of théhzmntury
than in the later part of the ®@entury and the start of the2dentury. The data that
Brailsford, Handley and Maheswaran (2011) provide that we update indicate that
the standard deviation of the return to the Austnainarket portfolio has beenore
than twiceas high over the last 50 years or so than betdre;

» this observation is independent of whether thernstto the market portfolio are
measured with or without dividends acahnotbe attributed to chance or data
snooping. We conduct simulations that use 100r8pblcations and data in which
the risk of the market portfolio is constant thrbugne and, even though we search
for evidence of a shift in risk, we do not uncoegidence of a shift in any of the
100,000 replications to match what we find in tinget series that Brailsford, Handley
and Maheswaran (2011) provide and that we updffte;

» the pricing model on which the AER relies to detemrthe cost of equity, the Capital
Asset Pricing Model, assumes that investors akeanigerse and care only about the
MRP and the variance of the return to the portfoliothe assumption that the model
makes is correct, then tlRP should have been higher in the later part of 0f& 2
century and the early part of the*dentury than in the later part of the"@entury
and the earlier part of the ®@entury. This suggests that adjusting the eadki¢a for
the lower risk in that period will likely lead toastimate of th&IRP, adjusted for
the value of imputation credits, wll above6 per cent per annum.

The DGM provides, in principle, an attractive wdyestimating theMRP. In practice, the
model requires reliable forecasts of future dividlgnowth. We find that

» estimates of th&IRP provided by the DGM that use current dateali®mve6t per cent
per annum. These relatively high estimates refleethigh current forward dividend
yield on the market portfolio and the low yield bd+year bonds. They dwmtrely on
high forecasts of long-run growth in dividends pkare (DPS); and

¢ Bloomberg consensus forecasts indicate that ifl@gear bond yield were to be 3.96
per cent per annum, a conservative estimate d/ifRE for the next five years,
relative to the yield, would be 7.72 per cent paman. If the 10-year bond yield

% Returns are serially uncorrelated if currentnmgiare uncorrelated with past returns.

99

Brailsford, T., J. Handley and K. Maheswar@he historical equity risk premium in Australia: #6GFC and 128
years of dataAccounting and Finang@011

100

Brailsford, T., J. Handley and K. Maheswar@he historical equity risk premium in Australia: #6GFC and 128
years of dataAccounting and Finan¢@011
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were to be 5.50 per cent per annum, a conservesiimate of thé/1RP for the next
five years, relative to the yield, would be 6.18 pent per annum. These estimates
areconservativen that they use as a forecast of long-run DP3vtir@ number,
based on past real DPS growth and Reserve Bankstf#lia (RBA) targets for
inflation, that lies marginally below the forecést long-run DPS growth that the
AER uses and well below current consensus forecéstsort-term DPS growth.

The AER places some emphasis on survey evidéHdale see a number of problems with
the surveys that the AER cites:

< the surveys that the AER cites typically do notlakphow those surveyed were
chosen and a majority of those surveyed do nobresp Thus it is unclear whether
the sample of respondents that the surveys uspiegentative of the population;

» itis unclear what incentives have been provideidddviduals contacted by the
surveys that the AER cites to ensure that respdageovide accurate responses; and

» itis unclear how relevant some of the surveys tha@tAER cites are because of
changes in market conditions since the time at lwthie surveys were conducted.

As an example of the problems that can arise, ve that with regard to the survey
conducted by Asher (2011), that the AER cites, ff{at

e only 49 of 2,000 surveyed responded; and that

» the survey was conducted in February 2011 when lpmids and stock prices were
relatively high and when a DGM forecast of M&P would have been 295 basis
points lower than an otherwise identical forecaststructed in December 2011.

We also note that:

e Asher stated in a seminar in May 2010 in frontnafividuals whom he later surveyed
that ‘the implied equity premium is more or lessi@co the dividend yield which is
probably at this stage somewhere between 3 and depé— | think that may be a
reasonable thing to work orf®

101 AER, Draft Distribution Determination Aurora Energy Phyd 2012—13 to 20161 November 2011, pages 229-230.

102 Asher,Equity Risk Premium Survey — results and comméwatsiary Australia 2011 Issue 161, July 2011, gadé-

15.

103 hitp://www.actuaries.asn.au/Library/6b_Asher AshE8m
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This public statement about the surveyor’s viewbht would be a correct response to the
primary question he plans to ask in a survey hesla conduct raises the possibility that the
results of the survey will merely mirror his owrewis.
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Appendix A. Serial Dependence

This appendix examines the impact of serial depecelen the bias associated with estimates
of the unconditional expected excess return tartheket portfolio and the bias associated
with estimates of unconditional discount factofgyain, an unconditional expectation

ignores currently available information like pasturns.

Here, we assume that:
R(t)| R(t —1) ~ NID(a + BR(t -1),) (A1)

Estimates of the parame{@computed using the data that Brailsford, Handlay a
Maheswaran (2011) provide and we update appeaaliteR.1 below.'** Both estimates
differ significantly from zero at the 10 per ceavé¢l but neither differs from zero at the five
per cent level. Thus the evidence for serial ddpaoe is weak. We chooseandwso that
the unconditional mean and standard deviationtofms in the simulations that follow match
the mean and standard deviation of returns inithalations of Section 2.

Table A.1
Estimates of the parameters of the distribution of returns
Period B
1883-2011 -0.160
(0.088)
1958-2011 -0.253
(0.135)

Note: Standard errors are in parentheses.

TableA.2 provides the results of simulations that exasthme bias that can arise when
arithmetic and geometric mean returns are usedtimate expected multi-period returns.
Panel A uses 129 years of data to estimate thensetund is calibrated to the data that
Brailsford, Handley and Maheswaran (2011) provideé we update from 1883 through
2011 Panel B uses 54 years of data and is calibratétketdata that they provide and we
update from 1958 through 2011.

The table shows that, as is well known, the aritlitmaean of a sample of annual excess
returns to the market portfolio is an unbiasedestdr of the unconditional expected excess
return to the market portfolio over any one yegmareless of whether returns are serially
dependent. Thus the use of the arithmetic medrdeliver an unbiased estimate of the

104" Brailsford, T., J. Handley and K. Maheswarahe historical equity risk premium in Australia: f2eGFC and 128

years of dataAccounting and Finang@011

105 Brailsford, T., J. Handley and K. Maheswarahe historical equity risk premium in Australia: f2eGFC and 128

years of dataAccounting and Finan¢@011
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unconditional return on capital necessary for ail@gd firm to recover its costs in any one
year — so long as the other components oiWA&€ Chave been correctly computed.

TableA.2 also shows, like Tabl2.1, that estimates of the expected return oveerti@n one
year that use the arithmetic mean are upwardlyediasthough the bias is lower than the bias
that arises when returns are serially independ&gain, at no stage in the regulatory process
is theWACCcompounded and so the observation is purely academ

In contrast, the geometric mean provides a downlydudsed estimator of the unconditional
expected excess return to the market portfolio angrone year. The downward bias
associated with the geometric mean using 129 yasnulated data is 6.1 — 4.7 per cent,
that is, 140 basis points while using 54 yearsrobfated data it is 6.1 — 3.4 = 2.7 per cent,
that is, 270 basis points.

Table A.2
Bias in estimating multi-period returns in the pres ence of serial dependence

1 2 3 4 5 10

Panel A: @=1.231, f=-0.160, w=0.164, T = 129 years

Parameter 6.1 12.1 18.6 25.4 325 75.2
Arithmetic 6.1 12.6 19.5 26.8 34.6 81.9
Geometric 4.7 9.7 14.9 20.4 26.2 59.8

Panel B: a=1.329, f=-0.253, w=0.219, T = 54 years

Parameter 6.1 11.3 16.9 22.8 29.0 65.1
Arithmetic 6.1 12.6 19.7 27.2 35.2 85.3
Geometric 3.4 6.9 10.7 14.6 18.8 43.4

Notes: Simulation results are in per cent per annugach simulation uses 100,000 replications.
Parameter values are determined from simulatioas tise 1,000,000 replications.

TableA.3 provides the results of simulations that exantire bias that can arise when
returns exhibit negative serial dependence ankdraetic and geometric mean returns are
used to estimate discount factors. The table shibatsunconditional discount factor
estimates that use the arithmetic mean are dowiyhiased while estimates that use the
geometric mean are upwardly biased. These ragsully that if the excess return to the
market portfolio is negatively serially dependahg&n an unbiased estimator of an
unconditional discount factor will require one @seestimate of th®IRP that falls below the
arithmetic mean of a sample of annual excess retiorthe market portfolio. Thus there is an
argument — albeit very weak — for using an estinohthe MRP that falls below the

arithmetic mean — not to determine the return guitabnecessary for a regulated firm to
recover its costs — but to determine how that resinould be distributed across time so as to
smooth prices.
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Table A.3
Bias in estimating discount factors in the presence of serial dependence
1 2 3 4 5 10

Panel A: a=1.231, f=-0.160, w=0.164, T = 129 years
Parameter 0.943 0.892 0.844 0.798 0.755 0.571
Arithmetic 0.943 0.889 0.838 0.790 0.746 0.558
Geometric 0.955 0.912 0.871 0.833 0.796 0.636

Panel B: a=1.329, f=-0.253, w=0.219, T = 54 years
Parameter 0.943 0.899 0.855 0.814 0.775 0.606
Arithmetic 0.943 0.890 0.840 0.794 0.750 0.570
Geometric 0.968 0.938 0.909 0.882 0.856 0.746

Notes: Parameter values are determined from sinariatthat use 1,000,000 replications. Otherwise,

each simulation uses 100,000 replications. Ests#tat use the arithmetic mean are computed
using (7). Estimates that use the geometric mear@nputed using (10).
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