Estimating B: An update

April 2014

Olan T. Henry
University of Liverpool Management School
Chatham Street
Liverpool
L69 7DH

oth@liv.ac.uk



Contents

1. Introduction and SCOpe Of the PrOJECL...... e eererrrrrniiiiieeeeeeeeeeeeeeeeeeeeeeeenneeeaenne 3
1.1. Theoretical BaCKground ............coooiiiiiiiiiiiiiiiiiiieee e eeeeneeeees 3
1.2. ScOpe Of the PrOJECT ... .o e 4
IR T V=1 g o T (o] [T | V28U 6
1.4, The SAMPIE ... ettt 9
1.5. The SamPple PeriOq.........uuuuiuuuiiiii e e e e e e e eeeeeeeebennnneeeeees 11
1.6. Delevered/ReleVerefll...........cooovviiiiiiiiiiiiiie e eee e 12
R A I o 1o 0 = Vo L] o S 13
1.8. Stability and sensitivity analysSiS........... o iiiiiiiiiiiiiiii e eeeeeee 14

2. Individu@l firm @NAIYSIS ......euvueeiiiii s e e e e e s 16
2.1. Estimation results: Individual firms ... 16
2.2. Thin Trading analysis: Individual firms ......cceooooiiiiii e 27
2.3. Stability and sensitivity analysis: Individual fiBm..............cccciiiiiiiiiiiinnenn. 1.3

G T o T u o] [ To AN g F= 1A £ 34
3.1. Portfolio construction: Fixed weight portfolioS............cooeuvvvieiiiiiiiiinnneennenn. 34.
3.2. Estimation results: Fixed weight pOrtfolioS .. ooooeeeeeiiiiiiiiiiiiiiiiiiieee e 36
3.3. Thin trading analysis: Fixed weight portfolioS.............covvvviiiiiiiiiiiiiineeeee, 44.
3.4. Stability and sensitivity analysis: Fixed weight{polios.............ccccceieeiinnn 49
3.5. Portfolio construction: Time-varying portfolioS..cc.....cccoooveiiiiiiiiiiiiiiiiiccie e, 52
3.6. Estimation results: Time-varying portfolioS..........veeeeiiiiiiieeeeiieeeeeeeeiiiines 55.
3.7. Thin trading analysis: Time-varying portfolioS...........ccccoovvviiiiiiiiiiiiiciiee, 9.5
3.8. Stability and sensitivity analysis: Time-varyingrfolios...............coovvvvvevvvvnnnnnns 60

4. SUMMArY Of UVICE ..o e eer e e e e e e e e e e eaaaees 62
o S Y- Vg o o [Tl (= To [N =] [ YA 62
4.2. Construction Of REIUINS ........ooiiiiiiiiiii e s 62
4.3. Parameter INStability...........ccooiiiiiiii e 62
4.4. Summary of advice on estimationf.............oovvvviiiiiiiiii e, 63
4.5, Magnitude OfF..........cuumiiiiiiiiiii e 63

Appendix: Recursive EStMAtiON ............oouuuueiiiiiiecc e errre e e e e e e e 64

1. Recursive Estimates @ Individual firms ... 65

2. Recursive Estimates @f POrtfolios............uuueiiiiiiiniii e 74
2.1. Fixed weight portfolios: Equal weighted.........cveeeiiiiiinininiieeiiiiiieeeeeennnn 4,
2.2. Fixed weight portfolios: Value weighted .......cccccovvviiiiiiiiiiis 80.
2.3. Time—=varying POrtfoliOS ........coeeiiiiiie it e e e e eeeee e 85

Appendix: UNadjusted DELAS .........cooeiiiiceeeeeeiiiiiiiiir et 87



1. Introduction and scope of the project

The focus of this report is the calculation of engai estimates of the equity for the
regulated gas and/or electricity transmission/tiigtron networks. The consultant has also
been asked to provide advice on the econometriecéspf the calculation of equify This
report builds upon the methods for estimating gglipresented in two previous reports for
the Australian Energy Regulator (AER), in 26@®d 2008,

The approach undertaken in this report is to esérttee equity for the comparator set and
then to delever/relever this estimate to producestimate of the equitfy for the benchmark
firm (at 60 per cent gearing).

1.1. Theoretical Background

The Capital Asset Pricing Model, (hereafter CAPMdicts that the expected return to iffie

assetE(r), is given by

E(n)=rf+,6’i[E(fm‘rf)l (1)

Covt, 1]

. An investment in
Var(r, |

Wherer, is the rate of return to the riskless security ghet

a security withB=1 can be thought of as being as risky as the idect® hold the market
portfolio, while a security withB<1 is typically referred to as a defensive’ investi
Finally, investors who decide to hold a security gortfolio of securities) witf3>1 will be

compensated for their exposure to higher risk witheased expected returns.

Essentially the CAPM describes the excess expeetienn to thei™ asset,E(r)-r, as a
risk premium. This risk premium may be written asfieed price per unit of risk,

A= [E(rm -, )}/Var[rm] , multiplied by a quantity of riskcov[ r, r,].

E(r)-r =ACov1.t,] )

! Henry, O.T., Econometric advice and beta estimatior28 November 2008, available at:

http://www.aer.gov.au/sites/default/files/Attachrt#20C%20-%20Henry%20-
%20Econometic%20advice%20and%20beta%?20estimatibn.pd

2 Henry, O.T.EstimatingB. 23 April 2009, available at
http://www.aer.gov.au/sites/default/files/Attachrt#f0C%20-%20Henry%20-
%20Estimating%20beta.pdf




1.2. Scope of the project

Table 1 summarises the scope of the project amatkfoy the AER. The table shows the
various permutations that are to be undertakeméneimpirical estimation of equifyy The
table also includes areas where the consultantaskesd to provide advice to the AER on
conceptual (econometric) issues related to thergéna of empirical estimates.

Table 1: Scope of the project

| ssues Approach 1 Approach 2 Approach 3 Notes

Regression details

Regression equation|  Either rgw Provide advice on the use

returns or exces of raw returns and excess

oy

returns (but not returns.
both)
Regression Ordinary Least] Least Absolute
calculation Squares (OLS) | Deviation (LAD)
Dataset details
Estimation period Longest Post tech boom, Last five years Provide advice on the
available but  excluding strengths and weaknesses
GFC of each period. Consultant
determines the specific
GFC dates
Return interval Weekly Disclose exact interyal
construction. Monthly

intervals as a robustness

check.

Data from Country Australian

Companies Nine  specified
Australian
gasl/electricity

firms

Market index ASX 300 Accun

Risk free rate proxy | Short term Consultant determines the
Australian specific proxy
Government
debt




Return measuremen Continuous

Leverage details

Leverage benchmark 60 per cent

Leverage calculation| None Brealey/Myers Provide advice or
(Ba=0) leverage treatment

Reported figures Equity B Disclose gearing figures in

(relevered wherg an appendix
appropriate)

Analysisdetails

Unit of analysis Individual firms | Portfolio Portfolio  (time| Provide advice on the
(constant varying weights) | interpretation on thesg
weights) results.

Portfolio Value weighted Equal weighted

construction

(constant weight)

Blume adjustment No

Vasicek adjustment No

Confidence intervals| Report at 95%

Standard errors Reported

R-squared Reported

Thin trading| Dimson Provide advice on the

adjustment interpretation of these

results
Stability and| Consultant’s Recursive Least Squares

robustness tests

choice

and Hansen suggested




1.3. Methodology

The first issue that the consultant was asked tergne was the choice of raw or excess

returns. The continuously compounded raw returasteti is defined as

e =I(R/Pey) 3)

Here P, the price of asséf has been adjusted for the payment of dividends,sepresents
a measure of total return to the investor. Furtleeenlet r,, :In(AT / At_l) represent the

continuously compounded total return to the mapettfolio, where A, is the ASX300

accumulation index as specified by the AER. A cpteally valid estimate for the measure

of undiversifiable risk can be obtained from thgression

Fit :a+:&Mt & (4)

C , .
Where, the residual isg, =r, —a; +4r .. As the definition of g :M , which

Var(r, |

coincides with the definition of the OLS estimatufr 3 in (4), the use of raw returns is

perfectly valid and widespread in the empiricariture.

Assuming that the risk free rate does not vary suitglly with time, the data may be

transformed to excess retur®, =t, -1 ,; R,, =1, —r;, and estimates ofd may be

obtained from the regression
R,t = :8| Rﬂ,t *t&, (4a)

Note that there is no need to include an intertaph in (4a). Note that (4a) may be rewritten

as
e =T =5 (rm,t —Tiy ) T &, (4b)
Subtractingr, , from both sides of (4b) and rearranging yieldg:(4c

liy = (1_ B )rft + (rm,t ) *t &, (4c)



Note that 4(c), or equivalently (4a) should yietdimates of3 that are consistent with those

obtained from (4) when the variance of the rislefrate is low as the intercept term
(1—,Bi)E(rﬁ):,u. For this reason, this report follows Henry (20@8) Henry (2009) in

employing raw rather than excess returns.

At a practical level this approach overcomes thedn® choose a suitable proxy for the risk
free rate. Furthermore, the use of raw returns ireguno assumptions about potential

temporal variations in any chosen risk-free pro®y.course, choosing a proxy for the risk-
free rate can yield variations in the point estiesadf the intercepgs and slope,é’i of the
Security Market Line. For instance, figure 1 coesgdtwo outcomes, one using the approach

(4) above such thdi- 4 )E(r, )= and an altermative using a proxy such it ) <E(r, ).
In figure 1, the point estimate of the interceptcaated usingr;, @ <& and so the
associated slopé* >,5’i as both regression lines must pass through thplsameansk, R, .
The distance)@i* - ,@, is only of interest if it is statistically signifantly different from zero and
the chosen proxy for the risk-free rate is crediMere,@’f lies within the 95% confidence

interval for ,5’, then there is no evidence against the Hypothasis&il:,é at the 5% level of

confidence.



£

t

Figure 1: Alternative estimates gf

At a practical level, the approach in this repartl ddenry (2008, 2009) avoids the need to
choose a suitable, credible proxy for the risk frae. Furthermore, the use of raw returns
requires no assumptions about potential temporgt@ns in any chosen risk-free proxy.
The AER requires construction of ordinary leastasga (OLS) estimates @f This approach
obtains estimates of the parameters of inter&stand [, denoted asa, and,Bi, by
minimising the sum of the squared residuals:
T T N2 T R ~ 2
Z‘fiz,t =Z(ri,t _rit) :Z(rit -a _ﬁrmt)
=1

t=1 t=1 t

®)
The AER also requires the construction of estimafgsusing the Least Absolute Deviations
(LAD) approach. There are some concerns aboutdhédity of the OLS estimator ofr; and

B in the presence of outliers. In such circumstarthesestimates ofr, an@  may vary

with time. It is also possible that estimatesdjf, the variance of the residuad, , may be



affected by the presence of outliers. The LAD eaton operates by minimising the sum of

the absolute residuals:

T T T
Z‘%FZ‘M _ﬁt‘:Z‘rit - —ﬁl’mt‘
t=1 t=1 t=1 (6)

By minimising the sum of the absolute values of tesiduals rather than the sum of the
squared residuals, the effect of the LAD estimasoto reduce the influence of outlying

observations.

1.4. The Sample

Weekly data was collected from Datastream overptréod 29 May 1992 to 28 June 2013,
yielding a maximum possible 1102 price observatiarsch can be used to construct a
maximum of 1101 continuously compounded weeklyrretuNot all of the returns series will
have 1101 observations. Datastream provides thesklyprice observations using the close
on the last trading day within each week, defirting end of the week as Friday. Hence, the
normal data is the Friday close price, but if Fyideas a public holiday the Thursday close
will be used® Hence, in normal circumstances, the weekly retapresents the change from
Friday of one week to Friday of the next week. Tinigplies that the most recent weekly

observation in the data set is therefore for theknanding on Friday 28 June 2013

The sample periods and observation counts forrntiidual stocks are listed below. Again,

the reader should note that the dates are to bleaethe week ending on the stated Friday:
1. Alinta (AAN), available from 20/10/2000 to 17/082D 357 observations

2. AGL Energy Limited (AGL), available from 29/05/199%2 06/10/2006:

751 observations
3. APA Group (APA), available from 16/06/2000 to 28/2®13: 681 observations
4. DUET Group (DUE), available from 13/08/2004 to 2ZB8&013: 464 observations

5. Envestra Limited (ENV), available from 29/08/19970 t28/06/2013:

828 observations

3 Similarly, in the event that both Thursday anui&y were public holidays, the Wednesday close doul

be used.



6. GasNet (GAS), available from 21/12/2001 to 10/1082®56 observations

7. Hastings Diversified Utilities Fund (HDF), availabll7/12/2004 to 23/11/2012:

415 observations

8. Spark Infrastructure (SKI), available from 02/03320 to 28/06/2013

331 observations
9. SP Ausnet (SPN), available from 16/12/2005 to 22/083: 394 observations

In addition to the analysis using a weekly samplirgguency, some regressions used a
monthly sampling frequency as a robustness chehksd monthly returns are calculated
each month using the last closing price of the mmont

The consultant was instructed by the AER to un#terthe core set of regressions using two

permutations of the regression calculation:
1. Ordinary Least Squares (OLS)

2. Least Absolute Deviation (LAD, sometimes referreml das Least Absolute

Variation)

The use of LAD in addition to the (standard) OLSswaended to provide a robustness check
on the underlying data with regard to data outlifise consultant was not requested to
provide expert advice or analysis on this desigaisien. The consultant also carried out
recursive estimation off using fixed and expanding windows. The results @esented

graphically in a series of Appendices.

4 Note that the date range for SKI listed here wkes the period prior to 2/3/2007 where these athpl
securities traded as instalment receipts (prioth® payment of the final instalment). The approach
followed here is to deal with estimation pfor equities so the period prior to 2/3/2007 islaged for
consistency.

10



1.5. The Sample Period

The consultant was requested to undertake the eeteof regressions using three

permutations of the estimation period:
1. The longest period available

2. The period after the tech boom (also called thecdat bubble) and before the
GFC, then the period after the GFC

3. The last five years of available data

In so doing, the consultant was requested to peoadvice on which of these estimation
periods is preferable, including whether marketdibons across each period provide a
reasonable basis for generating an egpigstimate that is relevant to the AER’s return on

capital framework.

The AER considers that there is an establishedermus on the start and end dates for the
tech boom that affected Australian share pricesl (@erefore equity estimation) from

1 July 1998 to 31 December 2001. Note that for weddfined by their end Friday, the first
week in the tech boom is the week ending on Frigldyly 1998, and the last week is that

ending on Friday 28 December 2001.

However, the AER acknowledges that there is ndbisteed consensus on the start and end
dates for the GFC. The consultant was instructeaidtapt the GFC start and end dates they

consider most appropriate, and provide brief remgpto support their position.

Consistent with the work presented to the AER imiye(2008) and Henry (2009), the
starting period of the GFC will be 1 September 200Be consultant recognises that this
choice is arbitrary, but does facilitate comparidmiween the results presented in Henry
(2008) and Henry (2009) and the current reportsTdhoice of date also coincides with an
Organisation for Economic Cooperation and Develapnierecast on 2 September 2008 that
the UK would enter recession, and the Europeanr@leBank announcement of a cut in its
growth forecast on 3 September 2008. On 7 Septe@0@8 the US government announced
the rescue of Fannie Mae and Freddie Mac. Fintidlycollapse of Lehmann Brothers, at the
time the largest bankruptcy in US history, occumadl5 September 2008. This suggests that
1 September 2008 is not an unreasonable date tiselor the onset of the GFC. Therefore,

11



we take the last week before the GFC as the weeikgmon Friday 29 August 2008, and the
first week during the GFC is the week ending oml&yi5 September 2008.

Choosing an end date for the GFC is extremelyaliffi This difficulty is exacerbated by the
onset of the Euro Area crisis in 2009. Nevertheléss clear that the impact of the GFC on
Australia was weakening by October 2009. On 3 RO an unexpected announcement of
a quarterly growth rate of GDP of 0.4% was takersignal the fact that Australia had
avoided recession. The Australian unemployment ratea six year peak at 5.8% in
July 2009. By September 2009, the Australian dollas at a 12-month high. On 3 October
2009, the Reserve Bank of Australia raised interatds from 3% to 3.25%. Finally, the
announcement on 29 October 2009 that between ddlySaptember 2009 the US economy
had achieved an annual rate of growth of 3.5% sstgginat the worst of the GFC had
passed. Consequently, we will adopt the converntian the end date of the GFC, for the
purposes of this report alone, was the end of @etdB09. For the data sampled at a weekly
frequency, the end of the GFC will be taken to lbe week ending on Friday 30 October
2009. Consequently, the first week of the post-GB@ple is taken to be the week ending on
Friday 6 November 2009.

The final date for the inclusion of recent data basn selected as the end June 2013 (as a
recent date that is also the end of the finanatalr)y The last weekly observation is for the

week ending on Friday 28 June 2013.

1.6. Delevered/Releverefi

Let B, and 4. represent the true asset and eqpitsespectively. Assuming a defbof zero,
the delevering/relevering equation is

-5 E
,BA_:BEV (7)

Here E/V is the proportion of equity in the firntapital structure. The average gearing level
is calculated for the sample period used obtaimesés of the firm or portfoli§ using data
obtained from Bloomberg and provided to the comsulby the AER. The level of gearing is

usually defined as the book value of debt dividgdhe value of the firm as represented by

12



the sum of the market value of equity and the beadke of debt. Define the average level of
gearing asG , then
D

G=—=
D+

mi

(8)

Where D is the book value of net debt and E isntlagket value of equity. It is possible to

show that the appropriate relevering factor thausdh be applied to the rafivestimates is:

_1-G
1-0.60 9)

If it is assumed thab is constant and that the is independent cﬁ’ then, the releveref,

~

B, has a mean ofy3 and a variance otfa;. The results of the delevering/relevering

process for individual stocks and portfolios angarted in the tables that follow, which also

identify the G andw used in each case.

1.7. Thin trading

Thin trading can create issues with the magnituddie estimate of. In effect, if the stock
does not trade regularly, the OLS estimatefaends to be biased towards zero. In the
literature, there are two popular approaches tastitig for thin trading. The Scholes-
Williams® approach and the Dimsbdapproach. The consultant was instructed to caietlee

Dimson adjustment by the AER, which involves estioraof the regression
Lo =0+ Byt By ¥ Bulmpa® & (9)

Henry (2009) discusses the relative merits of tbleofes-Williams approach, which is based
on the estimation of misspecified auxiliary regiess. The Dimson estimate @f B° is

obtained from sum of the coefficients of the indegent variables in equation (9).

This report also presents t-statistics used to test hypothesisH, : 3°°=3°. These

statistics are constructed as

Scholes, M. and J Williams (1977) “Estimatingdsefrom nonsynchronous dat&jurnal of Financial
Economics5, 309-327

6 Dimson, E. and P. Marsh (1983) “The stabilityJf risk measures and the problem in thin trading”,
Journal of Finance38 (3) 753-784

13



Se. i (10)
The statistics are constructed in this fashionlkmnathe use of the smaller OLS standard

errors in the construction of the t-statistic. Givibe absence of evidence of thin trading, the

Dimson estimator is inefficient relative to OLS asrdse(,é’i)< se.(,BiD). This approach gives

the greatest chance of rejectidg: ,@I = °. An alternative approach would be to calculate

the t-statistic as:

B -5

= se(BP ij

In this situation, any t-statistic constructed viié opposite in sign and smaller in magnitude

if se(,éi)< se.(,BiD). The approach followed maximises the chance odifig evidence

againstH, : 3 = B°.

1.8. Stability and sensitivity analysis

The consultant was asked to provide advice on pipeogriate statistical tests (or other forms
of analysis) to ascertain the stability and sewigjtiof the empirical estimates presented in the

report.

In Henry (2008) and Henry (2009), two approachemevimplemented that specifically assess
the structural stability of the regressions: remardeast square estimates and Hansen'’s test

for parameter stability.

Recursive estimates of the parameters of interestlme obtained by allowing the sample to
vary in a controlled fashion. There are two maiprapches to recursive least squares. The
first approach employs an expanding window of obs@ons, while the second employs a
fixed window that is rolled across the sample.

In the case of an expanding window, the firstbservations are used to form the initial
estimate ofy; andg;. An additional observation is then added to thtemedion window and

the resultingz+1 observations are used to compute the seconehastiof the coefficient

14



vector. This process is repeated until all the olzg@ns in the sample have been employed
yielding T--+1 estimates ofy; andfi. These estimates and their associated standasts err
may be plotted to detect evidence of time variatiothe coefficient vector. Since the sample
size is increasing from to T, the standard error bands will generally tightertress sample

Size increases.

The moving window estimator employsobservations from the sample ®fobservations.
The initial estimates of; andf; are obtained using the observations 1,2,3,.Subsequent
estimates are obtained using observations 2,3t1. etcetera up until the final estimates
obtained from observations iTto T. Again, these estimates and their associstaddard
errors may be plotted to detect evidence of tim&atian in the coefficient vector. Since the
standard errors are calculated usingbservations the resulting standard error bands wil

generally be wider than those based on the fulbE&tobservations.

Since the recursive estimates are only visual guidehe stability of the estimates, we also

report Hansen's (1992) test for parameter stabilithis test examines the regression model

(4) for evidence of instability in the residual ierce, o°, the intercept,a;, the slope

coefficient 4, and then a joint test for instability in all tereneasures. The null hypothesis of

the Hansen (1992) test is that there is no instabil the parameter of interest, while the

alternative is that there is instability in the gaeter of interest. A joint test of the null

hypothesis of no instability inx,, 3 and ¢’ can be interpreted as a test for parameter

stability in the model (3). Rejection of the jointll hypothesis indicates that the model

suffers from parameter instability.

H, : Theparametefmodel)of interesisstable
H, : Theparametegmodel)of interesis notstable

The test has a nonstandard asymptotic distributibich depends upon the number of
coefficients being tested for stability. The demisiule is straightforward; in the absence of a
significant test statistic, the investigator mayrbasonably confident that either the model
has not displayed parameter instability over the@a or that the data is not sufficiently
informative to reject this hypothesis. In the prese of a significant test statistic, the

! Hansen, B.E. (1992) "Parameter Instability in lan&odels", Journal of Policy Modeling, 14 (4), 299p.
517-533.

15



investigator may confidently conclude that the maslenisspecified and prone to parameter

instability.

One of thesample periods included in the core set of regoesgiermutations is non-
contiguous, encompassing data before and afteiGR€. That is, the data vector omits
observations from 1 September 2008 to 30 Octob@9.2Given the non-contiguous sample,
recursive estimation and the Hansen tests arealyplik be useful. For instance, a rejection
of the null that the parameter or model of inteiesdtable may occur because the model is
unstable, or because of the imposed break in tteefdan 1 September 2008 to 30 October
2009, or both.

2. Individual firm analysis

2.1. Estimation results: Individual firms

Tables 2—7 present estimates of eqytyfor individual firms. The primary analysis is
presented in Tables 2—4 using a weekly samplinguigacy. These three tables present
different sample periods (the longest sample ablgléor each firm; the period after the tech
boom but excluding the GFC; and the most recenpkamhere data older than five years is
excluded). This analysis uses both OLS and LADeggpn calculations.

As a robustness check on the use of a weekly sagfsiequency, Tables 5-7 use a monthly
sampling frequency instead. The same three sanagpieds are presented (longest available,
post tech boom but excluding GFC, last five yeaf$lis analysis is restricted to the OLS

regression calculation.
Table 8 is a summary table of the individual firmabysis presented in Tables 2—7.

Table 2 presents results for the longest availahlaple period for each stock. The analysis
ends on 28 June 2013, when the data was downldadeshalysis. These regressions use a
weekly sampling period, both OLS and LAD regressoaiculations, delever/relever each

firm to the benchmark gearing (60 per cent), amtlishe 95% confidence intervals around the

estimates.

16



Table 2: Delevered/relevered estimateg of
Longest sample available — Weekly frequency

AAN AGL APA DUE ENV GAS HDF SKI SPN

Start 20/10/00 29/05/92 16/06/00 13/08/04 29/08/97 21/12/01 17/12/04 02/03/07 16/12/05
End 17/08/07 06/10/06 28/06/13 28/06/13 28/06/13 10/11/06 23/11/12 28/06/13 28/06/13

G 0.3954 0.2967 0.5618 0.7651 0.7193 0.6662 0.4834 0.6604 0.6054
G 15116 1.7582 1.0955 0.5872 0.7017 0.8345 1.2915 0.8491 0.9864

™

0.8795 0.6812 0.5936 0.2826 0.3039 0.3139 1.0305 0.3285 0.2874
S.€ 0.1597 0.1105 0.0561 0.0410 0.0363 0.0846 0.1553 0.0617 0.0623
Au 1.1925 0.8978 0.7036 0.3630 0.3750 0.4797 1.3349 0.4494 0.4095

Bl 0.5664 0.4646 0.4835 0.2022 0.2328 0.1480 0.7260 0.2076 0.1653

B 0.5999 0.7193 0.5902 0.2138 0.2846 0.2252 0.7066 0.3195 0.2846
S.€ 0.1608 0.1106 0.0561 0.0412 0.0363 0.0852 0.1561 0.0617 0.0623
Ay 0.9150 0.9361 0.7003 0.2946 0.3557 0.3922 1.0126 0.4404 0.4067

B\ 0.2848 0.5024 0.4802 0.1331 0.2134 0.0583 0.4006 0.1986 0.1625

N 356 749 680 463 826 255 414 330 393
R’ 0.0789 0.0484 0.1416 0.0933 0.0785 0.0516 0.0965 0.0796 0.0516

The average of the delevered/releve@ids estimates, E[@), was 0.5223 with a maximum
estimate of 1.0305 for HDF, and a minimum of 0.2826DUE. The median OLS estimate,
M(,@), was 0.3285. The evidence from Table 2 suggésisthe majority of the OLS point
estimates lie in the range 0.2826 to 1.0305.

The mean LAD estimate, E?() was 0.4382, with a maximum estimate of 0.7193A4GL

and a minimum of 0.2138 for DUE. The median LADireste, M(ﬁ), was 0.3195. The

evidence from Table 2 suggests that the majoritthefLAD point estimates lie in the range
0.2138 to 0.7193.

With the exception of HDF, all the LAD estimateg Mithin the 95% OLS confidence
interval for the relevant firm. This suggests thatthe main, the information provided by the

LAD estimates is consistent with the evidence ptediby the OLS estimates.

17



Taken together, the evidence from Table 2 sugdkatghe point estimates of equity beta lie
in the range 0.21 to 1.04. The evidence in Tabig ®roadly speaking, consistent with the
outcomes reported in Tables 4.2 and 4.4 of Her®Qg2

Table 3 presents results for the period after dohriology boom (also called the dot com
bubble) but excluding the GFC. More specificallye tsample period starts using the week
ending 4 January 2002 (following the instructiorighee AER that the tech boom period is

3 July 1998 to 28 December 2001). The sample erslutle period 5 September 2008 to
30 October 2009 (both defined as weeks ending oh éate), which in the consultant’s view

broadly coincides with the GFC. The sample periodseon 28 June 2013, in keeping with

the earlier analysis. All available data for eatdck is included within these overall period

boundaries. These regressions use a weekly sammdingd, both OLS and LAD regression

calculations, delever/relever each firm to the bemark gearing (60 per cent), and include
95% confidence intervals around the estimates.
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Table 3: Delevered/relevered estimateg of
Sample from 2002 to present, excluding GFC — Wdeddyiency

AAN AGL APA DUE ENV GAS HDF SKI SPN

Start 04/01/02 04/01/02 04/01/02 13/08/04 04/01/02 04/01/02 17/12/04 02/03/07 16/12/05
End 17/08/07 06/10/06 29/08/08 29/08/08 29/08/08 10/11/06 29/08/08 29/08/08 29/08/08
Start 06/11/09 06/11/09 06/11/09 06/11/09 06/11/09 06/11/09
End 28/06/13 28/06/13 28/06/13 23/11/12 28/06/13 28/06/13

G 0.3954 0.2959 0.5513 0.7597 0.6947 0.6662 0.4751 0.6489 0.5920
G 15116 1.7603 1.1218 0.6007 0.7632 0.8345 1.3123 0.8777 1.0200

~

B 0.9956 0.7494 0.6354 0.2988 0.3656 0.3169 0.9046 0.3399 0.4684
S-€ 0.1844 0.1686 0.0705 0.0422 0.0443 0.0850 0.1105 0.0772 0.0750

Py 1.3570 1.0799 0.7735 0.3815 0.4525 0.4836 1.1212 0.4912 0.6154

A1 0.6343 0.4189 0.4972 0.2161 0.2788 0.1502 0.6880 0.1886 0.3214

£ 0.6136 0.5836 0.5340 0.2571 0.3354 0.2252 0.7236 0.4094 0.4664
S.€ 0.1860 0.1692 0.0707 0.0423 0.0443 0.0856 0.1110 0.0773 0.0750
By 0.9782 0.9153 0.6725 0.3400 0.4224 0.3931 0.9412 0.5610 0.6134

B\ 0.2490 0.2520 0.3955 0.1743 0.2485 0.0574 0.5059 0.2578 0.3194

N 293 248 537 401 537 253 352 268 331
R’ 0.0911 0.0743 0.1319 0.1117 0.1128 0.0524 0.1607 0.0679 0.1060

The average of the OLS estimates,éE)( was 0.5639 with a maximum estimate of 0.9956

for AAN, and a minimum of 0.2988 for DUE. The median OLSrneste, M(ﬁ), was 0.4684.

The evidence from Table 3 suggests that the majority of the Ol gstimates lie in the
range 0.2988 to 0.9956.

The mean LAD estimate, E?() was 0.4609, with a maximum estimate of 0.7236 for HDF

and a minimum of 0.2252 for GAS. The median LAD estimateﬁM(was 0.4664. The

evidence from Table 3 suggests that the majority of the LAD @sitatnates lie in the range
0.2252 to 0.7236.
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With the exception of AAN, all the LAD estimates lie withinetl®5% OLS confidence
interval for the relevant firm. This suggests that the informapoovided by the LAD

estimates is broadly consistent with the evidence providedeb@L$ estimates.

Taken together, the evidence from Table 3 suggests that the poirdtes of the equit lie
in the range 0.22 to 1.0. The evidence from Table 3 is, breadigking, consistent with the
evidence presented in Table 2, both in terms of the average Ohfatestf the equitp and
the range of estimates. The evidence in Table 3 is also, broadkirgpeconsistent with the

outcomes reported in Tables 4.2 and 4.4 of Henry (2009).

Table 4 presents results using only data from the last five yearsthe week ending 4 July
2008 to the week ending 28 June 2013, for those firms whickdradthis period. These
regressions use a weekly sampling period, both OLS and LABesggn calculations,
delever/relever each firm to the benchmark gearing (60 per cent), and einBkfb

confidence intervals around the estimates.
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Table 4: Delevered/relevered estimateg of

Last five years sample — Weekly frequency

Start

APA DUE ENV
04/07/08 04/07/08 04/07/08

HDF  SKI  SPN
04/07/08 04/07/08 04/07/08

End 28/06/13 28/06/13 28/06/13 23/11/12 28/06/13 28/06/13
G 0.6019 0.7725 0.7109 0.5057 0.6724 0.6289
e 0.9952 0.5688 0.7229 1.2358 0.8190 0.9279
,5’ 0.5401 0.2443 0.3772 1.0192 0.2987 0.2727
s.e 0.0667 0.0519 0.0649 0.2184 0.0620 0.0698
'éu 0.6708 0.3460 0.5044 1.4472 0.4202 0.4096
'él 0.4094 0.1425 0.2500 0.5912 0.1771 0.1359
B 0.5389 0.2169 0.3942 0.7771 0.2152 0.4056
S.e 0.0667 0.0520 0.0651 0.2190 0.0623 0.0705
Bu 0.6696 0.3189 0.5217 1.2062 0.3373 0.5437
/él 0.4082 0.1149 0.2667 0.3479 0.0930 0.2675
N 260 260 260 229 260 260

R

0.2028 0.0791 0.1158

0.0876 0.0825 0.0559

In Table 4, the average of the reported OLS estimateé,),EWas 0.4587, with a maximum
estimate of 1.0192 for HDF, and a minimum of 0.2443 for DUte finedian OLS estimate,
M(,@), was 0.3379. The evidence from Table 4 suggests that the tyabthe OLS point
estimates lie in the range 0.2433 to 1.0192.

The mean LAD estimate, ﬁ) was 0.4246, with a maximum estimate of 0.7771 for HDF

and a minimum of 0.2152 for SKI. The median LAD estimateéﬁ\)l, was 0.3999. The

evidence from Table 4 suggests that the majority of the LAD @sititnates lie in the range
0.21521t0 0.7771.

All the LAD estimates reported in Table 4 lie within the 95%Sonfidence interval for the
relevant firm. This suggests that the information provided byL¥D estimates is consistent

with the evidence provided by the OLS estimates.
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Taken together, the evidence from Table 4 suggests that the gomdtes of the equitg lie

in the range 0.21 to 1.02. The evidence from Table 4 is, bropdaksg, consistent with the
evidence presented in Table 2 and Table 3 above. Furthermore, dieacevin Table 4 is,
broadly speaking, consistent with the outcomes reported in Fabtd Henry (2009).

Tables 5-7 present results using data sampled at the montheriig rather than the
weekly sampling frequency employed in Tables 2—-4. Since thgsesstons function as a
robustness check for the primary analysis (which used dataeshatphe weekly frequency),
only OLS estimates are reported. There was no systematic evidencestafistically
significant difference between the OLS and LAD estimates reported lasT2lbo 4.

Table 5 presents results using the longest available samplel perieach stock. It differs
from Table 2 in that the results were generated using data sammech@tthly sampling

frequency and does not present LAD regression calculations inténests of brevity.
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Table 5: Delevered/relevered estimateg of
Longest available sample — Monthly frequency

AAN AGL APA DUE ENV GAS HDF SKI SPN

Start 20/10/00 29/05/92 16/06/00 13/08/04 29/08/97 21/12/01 17/12/04 02/03/07 16/12/05
End 17/08/07 06/10/06 28/06/13 28/06/13 28/06/13 10/11/06 23/11/12 28/06/13 28/06/13

G 0.3954 0.2967 0.5618 0.7651 0.7193 0.6662 0.4834 0.6604 0.6054
G 15116 1.7582 1.0955 0.5872 0.7017 0.8345 1.2915 0.8491 0.9864

~

B 0.7575 0.8356 0.6806 0.3334 0.3016 0.1684 0.2940 0.2508 0.3270
S-€ 0.3243 0.1953 0.1136 0.0781 0.0834 0.1706 0.3677 0.1327 0.1160

Ay 1.3930 1.2184 0.9033 0.4864 0.4651 0.5028 1.0146 0.5108 0.5543

£l 0.1219 0.4528 0.4580 0.1804 0.1382 -0.1659 -0.4266 -0.0093 0.0997

N g1 172 156 106 190 58 94 75 90
R 0.0646 0.0972 0.1890 0.1492 0.0651 0.0171 0.0069 0.0466 0.0829

The average of the OLS estimates,éE)( was 0.4388 with a maximum estimate of 0.8356

for AGL, and a minimum of 0.1684 for GAS. The median OLSwesste, M(ﬁ), was 0.3270.

The evidence from Table 5 suggests that the majority of the Ol g&timates lie in the
range 0.16 to 0.84. The average of the estimates of gijugyorted in Table 2 was 0.5223,

which exceeds the average estimate of 0.4388 reported for Table 5.

In summary, the evidence from Table 5 suggests that the ptimiagss of equity lie in the
range 0.16 to 0.84. In that the individual estimates and #weirages are greater than zero
and less than unity, the evidence from Table 5 is, broadly spgpa&onsistent with the
evidence presented in Table 2 (which presents the same analyatsabweekly frequency).
Furthermore, the evidence in Table 5 is, broadly speaking, consigtitnthe outcomes
reported in Tables 4.1 and 4.3 of Henry (2009).
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Table 6 presents results for the period after the technology bobextluding the GFC. It
differs from Table 3 in that it uses monthly sampling and do¢present LAD regression

calculations.

Table 6: Delevered/relevered estimateg of
Sample from 2002 to present, but excludes GFC -tihpfrequency

AAN AGL APA DUE ENV GAS HDF SKI  SPN

Start 04/01/02 04/01/02 04/01/02 13/08/04 04/01/02 04/01/02 17/12/04 02/03/07 16/12/05
End 17/08/07 06/10/06 29/08/08 29/08/08 29/08/08 10/11/06 29/08/08 29/08/08 29/08/08
Start 06/11/09 06/11/09 06/11/09 06/11/09 06/11/09 06/11/09
End 28/06/13 28/06/13 28/06/13 23/11/12 28/06/13 28/06/13
G 0.3954 0.2959 0.5513 0.7597 0.6947 0.6662 0.4751 0.6489 0.5920

G 15116 1.7603 1.1218 0.6007 0.7632 0.8345 1.3123 0.8777 1.0200

~

B 0.7707 0.8573 0.7012 0.2944 0.2621 0.1668 0.5734 0.1251 0.5273
S-€ 0.3963 0.3004 0.1551 0.0779 0.0871 0.1714 0.2350 0.1688 0.1341

By 1.5475 1.4461 1.0052 0.4472 0.4327 0.5026 1.0341 0.4559 0.7901

£ -0.0061 0.2685 0.3973 0.1416 0.0914 -0.1691 0.1127 -0.2057 0.2645

N 66 56 122 91 122 57 79 60 75
R 0.0558 0.1310 0.1456 0.1381 0.0702 0.0169 0.0717 0.0094 0.1748

The average of the OLS estimates,éE)( was 0.4754 with a maximum estimate of 0.8573
for AGL, and a statistically insignificant minimum estimate df2h1 for SKI. The median
OLS estimate, Mﬁ), was 0.5273. The evidence from Table 6 suggests that, ignoring

insignificant estimates, the majority of the OLS point estimizas the range 0.26 to 0.86.

The evidence from Table 6 is, broadly speaking, consistent watlevldence presented in
Table 5 and also Table 3 (which presents a similar analysis basagataisampled at the
weekly frequency). Furthermore, the evidence in Table 6 is, bropdéksg, consistent with
the outcomes reported in Tables 4.1 and 4.3 of Henry (2009)reTdevely small sample
size, and/or the non-contiguous nature of the sample undetlygngesults in Table 6 may
explain the relatively poor explanatory power of the regressionsatw lead to point

estimates that are smaller in magnitude than those reported in3Table
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The non-contiguous nature of the sample, coupled with the imjgnecxd the estimates
reflected by relatively wide confidence intervals, some of which coz&io, suggests that

the estimates presented in Table 6 are treated with a degree of caution.

Table 7 presents results using only data from the last five yearsthe week ending 4 July
2008 to the week ending 28 June 2013, for those firms whaded in this period. It differs
from Table 4 in that it uses monthly sampling and does mesemt LAD regression

calculations.
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Table 7: Delevered/relevered estimateg of

Last five years sample (July 2008 to June 2013pnthly frequency

APA DUE ENV

HDF SKI SPN

Start 04/07/08 04/07/08 04/07/08 04/07/08 04/07/08 04/07/08
End 28/06/13 28/06/13 28/06/13 23/11/12 28/06/13 28/06/13
G 0.6019 0.7725 0.7109 0.5057 0.6724 0.6289
e 0.9952 0.5688 0.7229 1.2358 0.8190 0.9279
B 0.7715 0.3180 0.4282 0.1091 0.2072 0.3606
s.e 0.1254 0.1022 0.1850 0.5508 0.1394 0.1341
By 1.0173 0.5184 0.7908 1.1887 0.4803 0.6234
B 0.5257 0.1177 0.0656 -0.9706 -0.0660 0.0978
N 59 59 59 51 59 59
R

0.3990 0.1451 0.0859

0.0008 0.0373 0.1126

The average of the OLS estimates reported in Table ,l?,)E\(vas 0.3658, with a maximum

estimate of 0.7715 for APA, and a minimum of 0.1091 for HDF,eatimate that is
statistically insignificantly different to zero. The median OL8neste, M(,é), was 0.3393.

The evidence from Table 7 suggests that the majority of thefisagti OLS point estimates
lie in the range 0.3180 to 0.7715.

The evidence from Table 7 is, broadly speaking, consistent watlevldence presented in
Table 5 and Table 7. That is, the estimates are consistentheithetw that the magnitude of
the equityp was greater than zero and less than unity, although the enoédnterval for
APA includes unity. It is very difficult to determine a nawmer plausible range of values
given the imprecision of the individual estimates in the tables example, the 95%
confidence interval reported for HDF and Ski contain zero. Simil&inky, evidence from
Table 7 is, broadly speaking, consistent with the evidence peesém Table 4 (which
presents the same analysis but at a weekly frequency). Moreover,dbacevin Table 7 is,
broadly speaking, consistent with the outcomes reported ire aBlof Henry (2009). The
limited sample size of a maximum of 60 monthly observationgpled with the imprecision
of the estimates reflected by relatively wide confidence intervalse seinwhich contain

zero, suggest that the estimates presented in Table 7 are treateanienysty.
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The upper panel of Table 8 presents the average and medianfeqsttynates from Tables
2—7, while the lower panel reports the maximum and minimunt psitmates. This includes
analysis across three different sample periods, and three different pesnautdtthe sample

frequency and calculation types.

Table 8: Delevered/relevered estimateg of

Summary of individual firm equif/point estimates from tables 2—7

_ _Longest possiblePost tech, ex GFCLast five years
Regression details
Ave Med Ave Med Ave Med

Weekly  OLS (5223 0.3285 0.5639 0.4684 0.45870.3379
Weekly LAD (4382 0.3195 0.4609 0.4664 0.4246).3999

Monthly  OLS (4388 0.3270 0.4754 0.5273 0.3658 0.3393

_ _Longest PossibléPost tech, ex GFCLast five years
Regression Details ) ]
Min Max Min Max Min Max

Weekly  OLS (2826 1.0305 0.2988 0.9956 0.24431.0192
Weekly LAD (.2138 0.7193 0.2252 0.7236 0.21520.7771
Monthly  OLS (.1684 0.8356 0.1251 0.8573 0.10910.7715

Some caution should be exercised in interpreting these maximurmumin average and
median values as in some cases the values include implausibteeptimates which are

statistically insignificantly different to zero.

Taken together, the evidence presented in Table 8 (which summdrgseyidence from
Tables 2—7) suggests that the point estimates of efjuiey broadly speaking, in the range
0.2 to 0.8. Within this range, the average point estimates to cluster about 0.5, while the

median point estimates are clustered about 0.4. .

2.2. Thin Trading analysis: Individual firms

Table 9 presents Dimson estimatesfofor the longest available sample using a weekly
sampling frequency. The standard OLS estimates underlying thigsewere presented in
Table 2.
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Table 9 Dimson’'§ — Firms
Longest available sample — Weekly frequency
AAN AGL APA DUE ENV GAS HDF SKI  SPN

B+ -0.105 -0.040 -0.004 0.137 0.058 -0.1020.176 0.081 0.067
s 0108 0063 0051 0069 0052 0.102 0.121 0.073630.0
B 0591 0.387 0539 0489 0434 0.390 0.806 0.389 860.2
s 0108 0063 0051 0069 0052 0.102 0.121 0.073630.0
B 0107 0006 -0.079-0.067 0.032 -0.064 -0.038 0.012 -0.099
s 0106 0063 0051 0069 0052 0.102 0.121 0.073630.0
B° 0592 0.353 0455 0559 0525 0224 0.944 0.4825%.2
s 0181 0110 0091 0123 0091 0.168 0.216 0.130130.1
B> 0582 0387 0542 0481 0433 0.376 0.798 0.387 910.2
s 0106 0063 0051 0070 0052 0.101 0.120 0.073630.0
B°=B" 0097 0.554 1.694 -1.108-1.769 1.498 -1.212 -1.308 0.609

Of the B_, andB,, coefficients in Table 9, only3_, for DUE is marginally significant. The

results in Table 9 are consistent with the view that there iguaity of evidence of thin

trading in the sample of firms considered in this report. Moreowsre rof the t-statistics
used to test the hypothedis, ,51 = ° reported in Table 9 are statistically significant. This

indicates that there is an absence of evidence of thin trading in treafinple period.
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Table 10 presents Dimson estimate3dbr the sample commencing after the tech bubble
and excluding the GFC. The standard OLS estimates underlysgrtalysis were presented
in Table 3.

Table 10 Dimson’g — Firms
Sample from 2002 to present, but excludes GFC kiWv&equency
AAN AGL APA DUE ENV GAS HDF SKI SPN

B+ -0.173-0.030-0.079 0.002 0.005 -0.100 -0.044 -0.072 -0.021
s  0.126 0.096 0.063 0.070 0.058 0.103 0.086 0.089 0.074
B 0.682 0.431 0.568 0.507 0.475 0.390 0.688 0.385 0.447
s  0.125 0.096 0.063 0.070 0.058 0.103 0.085 0.088 0.074
B -0.005-0.058 0.005 0.055 -0.007 -0.065 -0.013 0.101 -0.106
s 0.123 0.096 0.063 0.069 0.058 0.103 0.084 0.087 0.073
B’ 0.504 0.343 0.494 0.564 0.474 0.225 0.631 0.414 0.321
s 0.204 0.159 0.109 0.121 0.100 0.168 0.150 0.155 0.129
B> 0.659 0.426 0.566 0.498 0.479 0.380 0.689 0.387 0.459
s  0.122 0.096 0.063 0.070 0.058 0.102 0.084 0.088 0.074
BZ°=B 1.269 0.866 1.147 -0.939 0.091 1.519 0.691 -0.303 1.886

None of the3_, ands,, coefficients in Table 10 are significant which is consistent whieh
view that there is a paucity of evidence of thin trading in thepsawf firms considered in
this report. Moreover, none of the t-statistics used to test tpetlgsis H, ,@I =pP°

reported in Table 10 are statistically significant. This indic#tes there is an absence of

evidence of thin trading in the second sample period.

Table 11 presents Dimson estimate$ &br the sample using the last five years of available
data. The delivered/relevered OLS estimates underlying this analgses presented in
Table 4.
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Table 11 Dimson’g — Firms
Last five years sample (July 2008 to June 2013keRly frequency

APA DUE ENV HDE SKI SPN
B 0.017 0.182 0.086 0.201 0.111 0.093
s.e 0.067 0.090 0.090 0.178 0.076 0.075
B 0.538 0.441 0.535 0.834 0.370 0.294
s.e 0.068 0.091 0.091 0.179 0.076 0.076
B -0.089 -0.123 0.094 -0.101 -0.043 -0.095
s.e 0.067 0.090 0.090 0.178 0.076 0.076
B° 0.467 0.500 0.715 0.934 0.439 0.292
s.e 0.123 0.165 0.165 0.329 0.139 0.138
B 0.543 0.429 0.522 0.825 0.365 0.294
s.e 0.067 0.091 0.090 0.177 0.076 0.075

B°=p° 1.135 -0.769 -2.153 -0.621-0.977 0.026

The results presented in Table 11 indicate that there is an absexwedeanice of thin trading
in the third sample period. Of th8_; andg,,, coefficients in Table 11, only3_, for DUE is

marginally significant. The results in Table 11 are consistert thi¢ view that there is a

paucity of evidence of thin trading in the sample of firms consider#éds report. Moreover,
while the t-statistic used to test the hypothesig ,51 =B° for ENV is statistically
significant, the estimates ¢f_, andB,, associated with this outcome are not significant. It is

difficult to ascribe this outcome to thin trading given the gn#icance of the relevant

3., andB,, estimates.

In summary, on the basis of the evidence in Tables 9-11, thare absence of evidence for
thin trading in the weekly data on the individual firms. Téiggests that the uncorrected

OLS estimate is the appropriate approach to medsurdables 2-4.

There was no evidence of thin trading in the monthly data. iShimsurprising given that

there is no evidence of thin trading in the weekly samples.
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2.3. Stability and sensitivity analysis: Individual fism

The appendix presents recursive estimategzof for each of the indifirduslusing the

longest available sample period in graphical form. The estimatesaaeced using either a
moving window with a fixed width of 1 year or an expandmgdow with initial width of

1 year.

Assessment of these graphs indicates that, irrespective of theuctinst of the recursion,
the evidence for each firm is consistent. There is only very weaklvwstidence of time

variation in the estimates g8  across the plots in the appenkiat.ig, there are relatively

few occasions when the recursive estimates display sudden swbgtanps across all the
cases considered. Moreover, there is no systematic evidence of imgtessinity in the
estimates op. For example, the majority of figures 1.1 - 1.18 in the appesufjgest that the
equity B lies somewhere between 0.2 and 0.8. This is consistentheittange of OLS point
estimates reported in Table 2 of 0.2826 to 1.0305. In sthertecursive estimation provides
no systematic evidence of parameter instability in the OLS estimatpsfar individual

firms.

Table 12 presents the marginal significance levels for the Hansen tesiatal for the

longest available sample.

Table 12 Hansen (1992) Structural Stability Tests
Individual Firms — Longest available sample — Wediequency
AAN AGL APA DUE ENV GAS HDF SKI SPN

Joint 018 0.1 0.07 031 0.00 0.06 0.15 0.0504
o’ 091 000 001 0.05 000 0.01 0.21 0.0R03
@ 084 074 068 088 044 0.87 035 0.3849

A 003 008 037 084 007 092 0.74 0.9805

Three out of nine joint tests reject the null of parametricilgtabln the case of AGL

(marginal significance level =0.01) and ENV (marginal significancesllex0.00), this

rejection is as a result of instability of the residual variawtée,Instability in the estimate of

o’ is a reasonably common event with asset returns, reflecting chartheseistimated level

of asset-specific risk. In the case of SPN, the rejection of thenppiithesis of the Hansen
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joint test is very marginal given that the p-value is OAgkin it appears that this rejection of

the joint null is down to instability in the residual \ace, g (marginal significance level

0.03). However, in the case of SPN, the failure to reject the nplraimetric stability i is

marginal as the p-value of this test is 0.05. A fourth jast,tfor SKI, only marginally avoids
the finding of a rejection of the joint null hypothesis (roaddesult of 0.05). SKI is similar
to AGL and ENV in that the individual parameter analysis fimdsability in the residual

variance @7, marginal significance = 0.00) but not in i¢marginal significance = 0.93).

However, in 27 tests of individual parameters, on only thremsions is there evidence
against the hypothesis that the parameter of interest is stabkchrof these three rejections,
the evidence is consistent with the view that there has beenilibgiabthe estimated level

of asset-specific risk.

The evidence in Table 12 is consistent with the view that tiser® strong evidence of
parameter instability in the estimated valuesdf@ndf presented in Table 2. This calls into
guestion the necessity or even validity of omitting data d@ueoncerns about structural

instability arising from the tech boom and GFC.

Using the Hansen test, or any other approach, to test for iitgtabithe estimated model
with the non-contiguous post-Dotcom sample is tenuous. Sé@mple period starts using the
week ending 4 January 2002 (following the instructions of tBR Ahat the tech boom period
is 3 July 1998 to 28 December 2001). The sample excludgseticed 5 September 2008 to
30 October 2009 (both defined as weeks ending on each date),iwkhehconsultant’'s view
broadly coincides with the GFC. The sample period ends onr#g8 2013, in keeping with
the earlier analysis. There is more than a year of data omitted ircasehn the interior of
the sample. That is, the observation coinciding with the lastkwof August 2008 is
immediately followed by the observation represent the first weekiasember 2009. A
rejection of the null hypothesis of model/parameter stability neagle to the omission of
more than a year of data from the interior of the sample space, or bebaus®mdel is
unstable, or both. For this reason, neither recursive regressidts,rasu stability tests were
performed. Given the lack of evidence of instability in the estimatddes foro and 3
presented in Table 2, there appears to be little necessity togmathigé sample to allow for
the tech boom and GFC.
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Table 13 presents the results of the Hansen test for the last fivesgagrke.

Table 13 Hansen (1992) Structural Stability Tests

Individual Firms — Last five years — Weekly frequen

APA DUE ENV HDF SKI SPN
Joint 0.00 0.02 0.00 0.01 0.00 0.01
o’ 0.00 0.00 0.00 0.03 0.00 0.00
a 0.98 0.57 0.33 0.57 0.38 0.58
B 0.58 0.64 0.73 0.61 0.87 0.01

All of the joint tests for model stability reject the null ohrpmetric stability. With the
exception of SPN, each rejection is as a result of instabilitysoéstimated residual variance,

o;. Instability in the estimate oty is a reasonably common event with asset returns,
reflecting changes in the estimated level of asset-specific riskeleabe of SPN, there is

evidence of instability in the estimates of bath andp.

However, in eighteen tests of individual parameters, on only seceasions is there
evidence against the hypothesis that the parameter of interesles $n five of these seven
rejections, the evidence is consistent with the view that thasebeen a change in the
estimated level of asset-specific risk. For SPN, there is evidence alilitgtin the estimates

of both g andp.

It is worth noting that the last 5 year sample spans the pefidde GFC. There is no
evidence of widespread instability in the estimate aicross the six firms considered in
Table 13. This may simply reflect the lack of power associatedthétiHansen test in small
samples. However, there is no evidence of widespread parameteilitystalthe estimates

of a andp reported in Table 12 for the full sample.

In short, on the basis of model instability, there does @etsto be convincing grounds to
either omit data from the tech boom and GFC periods. Furthermore,isheo evidence to
suggest that the last 5 year sample is superior to the fulllsaifipe choice of a 5 year
sample window is entirely arbitrary, particularly when more datvalable. If the aim of
the exercise is to provide credible estimates of the level of undivelsifiak for the equity

of interest, then data should only be excluded where necessary. diasiex of data from
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the estimation process underlying Tables 3 and 4 appears unwarnarttezl viiew of the

consultant.

3. Portfolio Analysis

The AER instructed the consultant to construct estimatBdaftwo types of portfolios.

1. Portfolios with fixed weights. Empirically estimate the eq@itipr a portfolio comprising

a number of individual firms, weighting each firm in a constaabner across the entire

duration of the portfolio. There were two methods to determine thd fseights:
a. Equal weighting for each firm in the portfolio
b. Value weighting each firm in the portfolio by its market capitdien

2. Portfolios with time varying weights. Empirically estimate tlggiigy p for a portfolio

comprising a number of individual firms, changing the weightingeach firm across the

duration of the portfolio.

3.1. Portfolio construction: Fixed weight portfolios

Consider a portfolio,P, containing two assetsX and Y, paying returnsR, and R,
respectively. This portfolio has a constant proport@rmf wealth invested in ass¥tand the

remaining 1-a of wealth invested Yn The expected return ®is given by
E(R,)=aE(R)+(1-2)E(R) 1)

It is useful to note that this point that (11) depends eptoalthe fact that for a constant a

and variable XE(aX) = aE(X ).
It is straightforward to show that the variance of returR t® given by
var(R )= a¥var(R )+ (1-a)*var(R )+ 2al- 2)CoRR ) (12)

The fixed weight portfolios apply a constant weight to each finat is a member of the
portfolio across the duration of the portfolio. The consultant wmafructed to use two

different methods to determine these fixed weights:
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1. Equal weighted portfolios. The weighting on each firm will hg &vheren is the

number of firms in the portfolio.

2. Value weighted portfolios. The weighting on each firm will bepordional to the
market capitalisation of the firm relative to the market capitalisatidimeoentire
portfolio. In all cases, market capitalisation will be measurdtieaaverage across
the portfolio duration. Hence, the weight on each firm wilEpEE » wherekE; is
the average market capitalisation of the firm (across the relevant panidH) is
the average market capitalisation of the entire portfolio (again, atmsslevant

period).

The consultant was instructed by the AER to examine the foltppamtfolios (for both equal

weighted and value weighted construction):

1. P1: APA, ENV from
a. The longest available time period (16/6/2000 to 28/0&@p01
b. As in (a) but excluding the tech boom and GFC period

2. P2: AAN, AGL, APA, ENV, GAS from
a. The longest available time period (21/12/2001 to 06/10)2006
b. As in (a) but excluding the tech boom

3. P3: APA, DUE, ENV, HDF,SPN from
a. The longest available time period (16/12/2005 to 23/12)201
b. As in (a) but excluding the GFC period

4, P4: APA, DUE, ENV, HDF, SKI, SPN from
a. The longest available time period (02/03/2007 to 23/12)201
b. As in (a) but excluding the GFC period

5. P5: APA, DUE, ENV, SKI, SPN from

a. The longest available time period (02/03/2007 to 28/08)201
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b. As in (a) but excluding the GFC period

The consultant was not asked to provide expert advice on the ratifamapreparing the

portfolios.

3.2. Estimation results: Fixed weight portfolios

Tables 14-15 present estimates of eqfityor fixed weight portfolios that give equal
weighting to each firm in the portfolio. These tables presentifferent sample periods (the
longest sample available for each firm; and the same longest sampéblavhilt excluding

the tech boom and the GFC). This analysis uses both OLS Aldddgression calculations

and a weekly sampling frequency.

Tables 16-17 present estimates of eqfiitfor fixed weight portfolios that give value
weighting (instead of equal weighting) to each firm in the pbotfoAs with the equal
weighted portfolios, two different sample periods are presented. Eights used in the
construction of each portfolio, as calculated by the AER are preseni#&anex A to this

report.
Table 18 is a summary table of the fixed weight portfolio analysesented in Tables 14-17.

Table 14 presents results for the longest available sample peri@hdbrfixed portfolio,
equal weighting each constituent stock. The regressions use b wasipling period, both
OLS and LAD regression calculations, delever/relever each portfolithe benchmark

gearing (60 per cent), and include 95% confidence intervals atbarestimates.
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Table 14: Delevered/relevered estimateg of
Fixed portfolio construction — Equal weighting

Longest sample available — Weekly frequency

P1 P2 P3 P4 P5

) AAN AGL APA APA DUE ENV APA DUE ENV HDF APA DUE ENV
Firms APA ENV

ENV GAS HDF SPN SKI SPN SKI SPN
Start 16/06/2000 21/12/2001 16/12/2005 02/03/2007 02/03/2007
End 28/06/2013 06/10/2006 23/11/2012 23/11/2012 28/06/2013
G 0.6382 0.5101 0.6286 0.6381 0.6658
G 0.9044 1.2246 0.9286 0.9047 0.8355
B 04575 0.5198 0.5037 0.4759 0.3865
s.  0.0355 0.0705 0.0468 0.0489 0.0381
B u 05271 0.6581 0.5954 0.5717 0.4612
B | 0.3880 0.3816 0.4120 0.3801 0.3119
B 0.4584 0.4097 0.5121 0.4989 0.4349
S.  0.0355 0.0711 0.0469 0.0490 0.0383
B u 0.5280 0.5491 0.6041 0.5949 0.5099
B | 0.3887 0.2703 0.4202 0.4028 0.3599
N 680 250 362 299 330
R 0.1968 0.1796 0.2436 0.2419 0.2389

The average of the OLS estimates,éE)( was 0.4687 with a maximum estimate of 0.5198

for P2, and a minimum of 0.3865 for P5. The median OLS estirm@t,é,), was 0.4759. The

evidence from Table 14 suggests that the majority of the @iIE pstimates lie in the range
0.38 to 0.52.

The mean LAD estimate, ﬁ) was 0.4628, with a maximum estimate of 0.5121 for P3 and a

minimum of 0.4097 for P2. The median LAD estimate,,li/)( was 0.4584. The evidence

from Table 14 suggests that the majority of the LAD point edeslie in the range 0.40 to
0.52.
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All the LAD estimates lie within the 95% OLS confidence interfealthe relevant portfolio.
This suggests that the information provided by the LAD estisi largely consistent with

the evidence provided by the OLS estimates.

Taken together, the evidence from Table 14 suggests that the pgondtes of equity lie in
the range 0.38 to 0.52. The evidence from Table 14 is, bropdakig, consistent with the
evidence presented in Table 2 above. Furthermore, the evidence in Ralde kkroadly

speaking, also consistent with the outcomes reported in Tabté Béhry (2009).

Table 15 presents results for the longest available sample periat exdduding the tech
boom and the GFC — for each fixed portfolio, equal weighting eachtitwent stock. Note
that there is one portfolio (P1) which encompasses both thebmmm (1 July 1998 to
31 December 2001) and the GFC (1 September 2008 to 31 October Zh8Nther four
portfolios are affected by only one of the exclusion periods -ereite tech boom (P2,
though only minimally) or the GFC (P3, P4 and P5). The regmessise a weekly sampling
period, both OLS and LAD regression calculations, delever/relever gartfolio to the
benchmark gearing (60 per cent), and included 95% confidence intaax@sd the

estimates.
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Table 15: Delevered/relevered estimateg of
Fixed portfolio— Equal weighting
Longest sample available but excluding tech booth@RC — Weekly frequency

P1 P2 P3 P4 P5
] AAN AGL APA APA DUE ENV APA DUE ENV HDF APA DUE ENV
Firms APA ENV
ENV GAS HDF SPN SKI SPN SKI SPN
Start 04/01/2002  04/01/2002 16/12/2005 02/03/2007 02/03/2007
End 28/06/2013  06/10/2006 23/11/2012 23/11/2012 28/06/2013
G 06230 0.5101 0.6174 0.6250 0.6534
G 0.9425 1.2246 0.9565 0.9374 0.8666
B 04927 0.5209 0.5501 0.5317 0.4536
S.e  0.0420 0.0710 0.0453 0.0495 0.0427
B, 05749 0.6600 0.6287 0.5374
u 0.6390 8
B\ 0.4104 0.3818 0.4347 0.3699
| . 38 0.4613 43 3
B 0.4487 0.3819 0.5536 0.5604 0.5054
S.e  0.0420 0.0716 0.0454 0.0496 0.0429
I
u 0.5311 0.5223 0.6426 0.6576 0.5895
B
| 0.3664 0.2416 0.4645 0.4631 0.4213
N 537 248 300 237 268
R 02049 0.1797 0.3307 0.3292 0.2976

The average of the OLS estimates,éE)( was 0.5098 with a maximum estimate of 0.5501

for P3, and a minimum of 0.4536 for P5. The median OLS estirnmr,é,), was 0.5209. The

evidence from Table 15 suggests that the majority of the @8 pstimates lie in the range
0.45 to 0.56.

The average LAD estimate, ﬁ() was 0.4900, with a maximum estimate of 0.5604 for P4

and a minimum of 0.3819 for P2. The median LAD estimate,ﬁM(was 0.5054.
Consequently, the evidence from Table 15 suggests that the snagbrihe LAD point

estimates lie in the range 0.38 to 0.57.
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All the LAD estimates lie within the 95% OLS confidence inggrfor the relevant portfolio,
albeit that this is very marginal for P2. This suggests ttatinformation provided by the
LAD estimates is consistent with the evidence provided by it €3timates.

Taken together, the evidence from Table 15 suggests that theegtimates of portfolio
equity g lie in the range 0.38 to 0.57. The evidence from Table 15ra@dly speaking,
consistent with the evidence presented in Table 2 above. Whikstimates are significantly
different from zero, the magnitudes of the estimates are much smallanthahble 2 above
or Table 14 of Henry (2009). Consequently the mean and mediaratstanmd the associated
range of point estimates are also smaller than their counterparts exZrabbve or Table 14
of Henry (2009).

Table 16 presents results for the longest available sample peri@hdbrfixed portfolio,
value weighting each constituent stock by its market capitalisalihe regressions use a
weekly sampling period, both OLS and LAD regression calculgtiaelever/relever each
portfolio to the benchmark gearing (60 per cent), and included 95%dence intervals
around the estimates.
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Table 16: Delevered/relevered estimateg of
Fixed portfolio— Value weighting

Longest sample available — Weekly frequency

P1 P2 P3 P2 P5
Firms APA ENV AAN AGL APA APA DUE ENV APA DUE ENV HDF APA DUE ENV
ENV GAS HDF SPN SKI SPN SKI SPN
Start 16/06/2000 217122001 16/12/2005 02/03/2007 02/03/2007
End 28/06/2013  06/10/2006 23/11/2012 23/11/2012 28/06/2013
G 06145 0.3756 0.6351 0.6450 0.6535
G 09637 15611 0.9121 0.8875 0.8662
£ 0.4983 0.7032 0.4358 0.4198 0.3895
s 0.0384 0.1096 0.0426 0.0449 0.0405
B, 05736 0.9180 0.5193 0.5078 0.4688
B, 04230 0.4884 0.3523 0.3318 0.3102
B 05482 0.5823 0.4580 0.4566 0.4410
s 00385 0.1099 0.0428 0.0450 0.0407
By 06236 0.7978 0.5419 0.5448 0.5207
B\ 04727 0.3669 0.3742 0.3684 0.3613
N 680 250 362 299 330
R 0.1988 0.1423 0.2252 0.2275 0.2201

The average of the OLS estimates,éa( was 0.4893 with a maximum estimate of 0.7032

for P2, and a minimum of 0.3895 for P5. The median OLS estirwmé,), was 0.4358. The

evidence from Table 16 suggests that the majority of the @8 pstimates lie in the range
0.38t0 0.71.

The mean LAD estimate, ﬁ) was 0.4972 with a maximum estimate of 0.5823 for P2 and a

minimum of 0.4410 for P5. The median LAD estimate,ﬁv)( was 0.4580. The evidence

from Table 16 suggests that the majority of the LAD point egtsnlie in the range 0.44 to
0.59.
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All the LAD estimates lie within the 95% OLS confidence interfealthe relevant portfolio.
This suggests that the information provided by the LAD edBsis consistent with the
evidence provided by the OLS estimates.

Taken together, the evidence from Table 16 suggests that the pgondtes of equity lie in
the range 0.38 to 0.71. The evidence from Table 16 is, brepdking, consistent with the
evidence presented in Table 14. The evidence in Table 14 is lalsadly speaking,

consistent with the outcomes reported in Table 5.4 of Henry J2009

Table 17 presents results for the longest available sample periodexdhuding the tech
boom and the GFC — for each fixed portfolio, value weighting eadstituent stock by its
market capitalisation. Note that there is one portfolio (P1) whiclhrapasses both the tech
boom (1 July 1998 to 31 December 2001) and the GFC (1 Septe@b@n@ 31 October
2009). The other four portfolios are affected by only one of the aegoly®riods — either the
tech boom (P2, though only minimally) or the GFC (P3, P4RE) The regressions use a
weekly sampling period, both OLS and LAD regression calculgtiolelever/relever each
portfolio to the benchmark gearing (60 per cent), and included 95%depnce intervals

around the estimates.
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Table 17: Delevered/relevered estimateg of
Fixed portfolio — Value weighting

Longest sample available but excluding tech booth@RC — Weekly frequency

P1 P2 P3 P2 P5
Firms APA ENV AAN AGL APA APA DUE ENV APA DUE ENV HDF APA DUE ENV
ENV GAS HDF SPN SKI SPN SKI SPN
Start 04/01/2002 04/01/2002 16/12/2005 02/03/2007 02/03/2007
End 28/06/2013 06/10/2006 23/11/2012 23/11/2012 28/06/2013
G 0.6005 0.3755 0.6221 0.6305 0.6402
G 0.9986 15613 0.9447 0.9237 0.8995
£ 05357 0.7022 0.5172 0.5028 0.4757
se  0.0472 0.1103 0.0457 0.0493 0.0458
By, 06283 0.9183 0.6067 0.5995 0.5653
B, 04431 0.4860 0.4277 0.4060 0.3860
B 05179 0.5675 0.4953 0.5424 0.5381
s 00473 0.1107 0.0458 0.0495 0.0458
By 06106 0.7844 0.5850 0.6394 0.6279
B\ 04252 0.3506 0.4056 0.4454 0.4483
N 537.0000  248.0000 300 237.0000 268.0000
R 01938 0.1415 0.3009 0.3064 0.2900

The average of the OLS estimates,éE)( was 0.5467 with a maximum estimate of 0.7022

for P2, and a minimum of 0.4757 for P5. The median OLS estirnmr,é,), was 0.5172. The

evidence from Table 17 suggests that the majority of the @8 pstimates lie in the range
0.47 to 0.71.

The mean LAD estimate, ﬁ) was 0.5322, with a maximum estimate of 0.5675 for P2 and a

minimum of 0.4953 for P3. The median LAD estimate,ﬁv)( was 0.5381. The evidence

from Table 17 suggests that the majority of the LAD point egtsnlie in the range 0.49 to
0.57.
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All the LAD estimates lie within the 95% OLS confidence interfealthe relevant portfolio.
This suggests that the information provided by the LAD edBsis consistent with the

evidence provided by the OLS estimates.

Taken together, the evidence from Table 17 suggests that the pgondtes of equity lie in
the range 0.47 to 0.71. The evidence from Table 17 is, bropdakig, consistent with the
evidence presented in Tables 14-16. The evidence in Table 17 &]lybrgpeaking,

consistent with the outcomes reported in Table 5.3 of Henry J2009

Table 18 presents the average and median equity beta estimates fr@s T&hkl7. This
includes analysis across three different sample periods, and three differsmutations of

the sample frequency and calculation types.

Table 18: Delevered/relevered estimateg of

Summary of fixed portfolio equifypoint estimates from tables 14-17

, _ _ Full sample periodex tech boom /GFC
Fixed Portfolio Regression
Ave Med Ave Med

Equal weighted OLS  0.4687 0.4759 0.5098 0.5209
Equal weighted LAD  0.4628 0.4584 0.4900 0.5054
Value weighted ~ OLS  (.4893 0.4358 0.5467 0.5172
Value weighted ~ LAD 04972 0.4580 0.5322 0.5381

Taken together, the evidence presented in Table 18 (which sumnithesesidence from
Tables 14-17) suggests that the average and median point estohagsity B lie in the

range 0.43 to 0.55. The evidence from Table 18 is, broadly sygpatonsistent with the
evidence presented in Tables 2 and 3 above. Furthermore, the eviddrable 18 is, in the

main, consistent, with the outcomes reported in Table 5.3 fyH2009).

3.3. Thin trading analysis: Fixed weight portfolios

As with the individual firm analysis, thin trading can creatués with the estimation of
equity B in portfolios. In comparison with individual firms, the dikhood of observing, let

alone detecting thin trading is very small. In order to produne ai zero portfolio returns
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requires that the component assets held in the portfolio wahler diave to produce runs of

offsetting profits and losses or runs of zero returns or a combiratibe two.

Table 19 presents estimates of Dimsofi’sor the equal weighted portfolios, using the
longest available sample and a weekly sampling frequency. Thay efjuestimates
underlying this analysis were presented in Table 14.

Table 19: Dimson’§ — Portfolios
Fixed portfolio construction — Equal weighting

Longest sample available — Weekly frequency

P1 P2 P3 P4 P5
) AAN AGL APA APA DUE ENV APA DUE ENV HDF APA DUE ENV
Firms APA ENV
ENV GAS HDF SPN SKI SPN SKI SPN
Start 16/06/2000 21/12/2001 16/12/2005 02/03/2007 02/03/2007
End 28/06/2013 06/10/2006 23/11/2012 23/11/2012 28/06/2013
lBi—l 0.0337 -0.0664 0.0850 0.1010 0.0814
S.e 0.0394 0.0582 0.0506 0.0542 0.0456
:B| 0.5063 0.4366 0.5432 0.5279 0.4650
S.€ 0.0394 0.0576 0.0506 0.0542 0.0456
18i+1 -0.0174 -0.0289 -0.0477 -0.0440 -0.0364
S.€ 0.0395 0.0575 0.0505 0.0541 0.0456
D
:[’,i 0.5227 0.3413 0.5805 0.5849 0.5100
S.e 0.0699 0.0958 0.0909 0.0977 0.0816
OLS
:Bi - 0.5059 0.4245 0.5424 0.5260 0.4626
S.e 0.0392 0.0576 0.0504 0.0540 0.0456
ﬁOLS_
=
,ED -0.4277 1.4442 -0.7557 -1.0894 -1.0384
i

None of theZ_, andB,, coefficients in Table 19 are significant, which is consistent tién
view that there is a paucity of evidence of thin trading in #mpe of firms considered in
this report. Moreover, none of the t-statistics used to test tpethmssis H, ,51 =pP°

reported in Table 19 are statistically significant. This indicates there is an absence of

evidence of thin trading in this sample period.
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Table 20 presents estimates of Dimsofd’'dor the equal weighted portfolios, using the
longest available sample but excluding the tech boom and the GfeCequityp estimates

underlying this analysis were presented in Table 15.

Table 20: Dimson’§ — Portfolios
Fixed portfolio construction — Equal weighting

Longest sample available but excluding tech booth@RC — Weekly frequency

P1 P2 P3 P4 P5
] AAN AGL APA APA DUE ENV APA DUE ENV HDF APA DUE ENV
Firms APA ENV
ENV GAS HDF SPN SKI SPN SKI SPN
Start  04/01/2002  04/01/2002 16/12/2005 02/03/2007 02/03/2007
End  28/06/2013  06/10/2006 23/11/2012 23/11/2012 28/06/2013
B. 00367 -0.0661 -0.0240 .0.0157 -0.0061
se  0.0449 0.0584 0.0480 0.0538 0.0499
B 05217 0.4366 0.5639 0.5636 0.5235
se  0.0446 0.0578 0.0477 0.0533 0.0495
By -0.0010 -0.0291 -0.0219 -0.0096 0.0057
se  0.0444 0.0577 0.0476 0.0529 0.0492
B°  o0.4s41 0.3414 0.5181 0.5382 0.5231
se  0.0772 0.0960 0.0855 0.0956 0.0875
B> 05228 0.4253 0.5751 0.5672 0.5235
se  0.0445 0.0579 0.0474 0.0528 0.0493
'BOLS_
oLs
e 0.8686 1.4485 1.2005 0.5486 0.0076
i

None of theZ_, andB,, coefficients in Table 20 are significant, which is consistent tiéh
view that there is a paucity of evidence of thin trading in theptawf firms considered in
this report. Moreover, none of the t-statistics used to test tpetlgsis H, ,@I =p°

reported in Table 20 are statistically significant. This indicates there is an absence of

evidence of thin trading in this sample period.
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Table 21 presents estimates of Dimsofd’'dor the value weighted portfolios, using the
longest available sample and a weekly sampling frequency. Thay effjuestimates

underlying this analysis were presented in Table 16.

Table 21: Dimson’$ — Portfolios
Fixed portfolio construction — Value weighting

Longest sample available — Weekly frequency

P1 P2 P3 P4 P5
_ AAN AGL APA APADUEENV APADUEENV APA DUE ENV
Firms APA ENV
ENV GAS HDF SPN HDF SKI SPN SKI SPN
Start  16/06/2000  21/12/2001 16/12/2005 02/03/2007 02/03/2007
End 28/06/2013  06/10/2006 23/11/2012 23/11/2012 28/06/2013
Bo  0.0219 -0.0503 0.0684 0.0868 0.0759
se  0.0400 0.0717 0.0468 0.0506 0.0467
B 0.5163 0.4568 0.4750 0.4724 0.4508
se  0.0400 0.0710 0.0468 0.0506 0.0467
B -0.0366 -0.0454 -0.0726 -0.0652 -0.0582
se  0.0401 0.0709 0.0467 0.0505 0.0467
B° 05017 0.3610 0.4709 0.4940 0.4685
se 00710 0.1181 0.0841 0.0913 0.0836
B os171 0.4505 0.4778 0.4730 0.4497
se  0.0399 0.0702 0.0467 0.0506 0.0467
ﬁOLS_
oLs
e 0.3862 1.2738 0.1470 -0.4153 -0.4029
i

None of the3_, ands,,, coefficients in Table 21 are significant at the 5% level of conéiden

which is consistent with the view that there is a paucity aflenge of thin trading in the

sample of firms considered in this report. Moreover, none of-gtatistics used to test the
hypothesisH, ,@, = ° reported in Table 21 is statistically significant. This indisathat

there is little of evidence of thin trading in this sample krio
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Table 22 presents estimates of Dimsofd’'dor the equal weighted portfolios, using the

longest available sample but excluding the tech boom and the GfeCequityp estimates

underlying this analysis were presented in Table 17.

Table 22: Dimson’§ — Portfolios
Fixed portfolio construction — Value weighting

Longest sample available but excluding tech boodhGIRC — Weekly frequency

P1 P2 P3 P4 P5

_ AAN AGL APA APADUE ENV APADUE ENV  APA DUE ENV
Firms APA ENV

ENV GAS HDF SPN HDF SKI SPN SKI SPN

Start 04/01/2002 _ 04/01/2002 16/12/2005 02/03/2007 02/03/2007
End 28/06/2013 06/10/2006 23/11/2012 23/11/2012 28/06/2013
B -0.0498 -0.0509 -0.0332 -0.0176 .0.0122

se 00477 0.0720 0.0490 0.0544 0.0513

B 05363 0.4569 0.5406 0.5395 0.5288

se 00474 0.0712 0.0487 0.0539 0.0509

B.a  0.0009 -0.0451 -0.0382 -0.0209 -0.0063

se  0.0472 0.0711 0.0483 0.0534 0.0506

B°  0.4873 0.3609 0.4692 0.5009 0.5103

se 00819 0.1183 0.0867 0.0966 0.0899
B 05364 0.4497 0.5475 0.5443 0.5288

se 00473 0.0706 0.0483 0.0534 0.0509
'BOLS_

oLs

e 1.0391 1.2585 1.6195 0.8123 0.3643

i

None of theZ_, andB,, coefficients in Table 22 are significant, which is consistent tiéh

view that there is a paucity of evidence of thin trading in theptawf firms considered in

this report. Moreover, none of the t-statistics used to test tpetligsis H, ,@I =p°

reported in Table 22 are statistically significant. This indicttasthere is little evidence of

thin trading in this sample period.
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3.4. Stability and sensitivity analysis: Fixed weighttfalios

The appendix presents recursive estimatesfof for each of the fixed iperifedual

weighted and value weighted) using the longest available samptel p&tie estimates are
produced using either a moving window with a fixed width ofelar or an expanding

window with initial width of 1 year.

Assessment of these graphs indicates that, irrespective of theuctinst of the recursion,
the evidence for each portfolio is consistent. There is onlywenk visual evidence of time

variation in the estimates g8  across the plots in the appenkiat.ig, there are relatively

few occasions when the recursive estimates display sudden swbgtanps across all the
cases considered. Moreover, there is no systematic evidence of imgtessinity in the
estimates op. For example, the majority of figures 2.1 - 2.10 in the appesufjgest that the
equity B lies somewhere between 0.2 and 0.8. This is consistentheittange of OLS point
estimates reported in Table 14 of 0.3865 to 0.5198. In ghertecursive estimation provides
no systematic evidence of parameter instability in the OLS estimiae®othe fixed weight
portfolios considered in this report.

As with the individual firm analysis, we also report Hansen’S9R)%est for parameter
stability. The joint test tests the null hypothesis tihat inodel does not display instability.
Tests for the stability of the individual parameters of the modeff and &, are also

presented in Table 23.

Table 23 presents the Hansen (1992) Structural Stability Tedfsefoegressions underlying
Table 14 — that is, the fixed weight portfolios using equaillghting, for the longest sample

available.
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Table 23: Hansen (1992) Structural Stability Testortfolios
Fixed portfolio construction — Equal weighting

Longest sample available — Weekly frequency

P1 P2 P3 P4 P5
e apapny AANAGLAPA  APADUEENV  APADUEENVHDF  APADUE ENV
ENV GAS HDF SPN SKI SPN SKI SPN
Start 16/06/2000  21/12/2001 16/12/2005 02/03/2007 02/03/2007
End 28/06/2013  06/10/2006 23/11/2012 23/11/2012 28/06/2013
Joint 000 0.00 0.05 0.05 0.00
o’ 0.00 0.00 0.04 0.02 0.00
a  o28 0.83 0.09 0.06 0.07
14 0.26 0.00 0.93 0.85 0.91

In three out of five cases, the joint test rejects the null of par@ns¢dbility. In the case of
P3 and P4, the p-value of the joint test is 0.05, whiclcatds that the failure to reject the
null hypothesis of model stability is reasonably margiidith the exception of P2, this
rejection of the null hypothesis of model stability is as a tesfuinstability of the residual

variance,d’, reflecting changes in the estimated level of portfolio-specific Hsikvever, the

rejection of the null of parameter stability fhfor P2 suggests that the estimates for this

portfolio be interpreted with great caution.

Table 24 presents the Hansen (1992) Structural Stability Tedtsefoegressions underlying
Table 16 — that is, the fixed weight portfolios using valweghting, for the longest sample

available.
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Table 24: Hansen (1992) Structural Stability Testortfolios
Fixed portfolio construction — Value weighting

Longest sample available — Weekly frequency

P1 P2 P3 P4 P5
e apapny AANAGLAPA  APADUEENV  APADUEENVHDF  APADUE ENV
ENV GAS HDF SPN SKI SPN SKI SPN
Start 16/06/2000  21/12/2001 16/12/2005 02/03/2007 02/03/2007
End 28/06/2013  06/10/2006 23/11/2012 23/11/2012 28/06/2013
Joint 001 0.00 0.04 0.03 0.00
o’ 0.00 0.02 0.01 0.00 0.00
a 036 0.91 0.14 0.10 0.13
14 0.26 0.00 0.92 0.89 0.88

The joint tests uniformly reject the null of parametric stabilityth the exception of P2, this
rejection is as a result of instability of the residual variangie, reflecting changes in the

estimated level of portfolio-specific risk. However, the rejection of nbh# of parameter
stability in B for P2 suggests that the estimates for this portfolio be interpvatadgreat

caution.
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3.5. Portfolio construction: Time-varying portfolios

Technically, a portfolio is defined using a fixed vector of weighitthe vector of weights
changes a new portfolio is defined. Moreover, when a new business ‘idfagnd/ or “drops
out” of the portfolio, both the investment opportunity set/andhe market portfolio may
change as a result of takeovers and IPO activity. In short, greaircahbuld be exercised
when interpreting th@ estimates from the resulting ‘time-varying portfolios’ as they not

grounded in financial theory.

In the case of the time varying portfolios, the consultant wasedlthat the composition of
the portfolio should change across time to accommodate firmsirgnthe data set (e.g.
listing on the ASX) and leaving the dataset (e.g. delistingardy given return interval, the
weighting on each firm should be dependent on the number ofdumeantly in the portfolio,

n. The consultant was instructed to construct average and mediaureseaf returns for
these portfolios with time varying weights. For the average partfAVE, the return is the
equally-weighted average return acrossrlemnstituent firms. For the median portfolio, the
return on the portfolio will be the median return acrossitfiens.

It is important to note that equation (11) is written assuntivag the weight is constant.
This assumption is clearly violated for the results presented bdlowe variation in the
portfolio weights means that the result underlying (]El()aX)= aE(X) does not apply aa

is variable in the case of time varying portfolio weights. Therery likely to be substantial
measurement error in the returns data for the average and median poiftfeldogassume
(11) obtains. This measurement error may occur because the returrptottbko may vary
because (i) the asset values in the portfolio vary, (ii) them=ig the portfolio vary, or (iii)
both. Moreover, it is very likely that equation (12) will prdeia very poor guide as to the
variance of this second set of ‘portfolios’ as terms such asayanid Cov(i;, a) will be
omitted from the measurement of the variance of returns. The resetiiimgates and any
associated inferences are extremely difficult to interpret. In partictiarnot clear whether
Cov(rms, rpy) Will be affected by this measurement error, and what the impacti®f th
measurement error might be. Any issues with bias i thetimates obtained using this data
are as a result of the particular approach used to construct the ‘porgalims and not due
to problems with the OLS or LAD estimator. It is the strotew of the consultation that the
analysis of these ‘time varying portfolios’ is unlikely to yieldliable evidence. At the
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minimum, extreme caution should be placed on any inference bastt @stimates and

confidence intervals report for these ‘time-varying portfolios’.

The consultant was instructed to construct these time varpnfpio for three different
time periods. Note that for each of the tables, the dates showi Brelays, and refer to the
week ending on that date (in line with the Datastream calculatiore@klw observations as
set out at the beginning of this report). Table 25 shows th&mrwtion of the portfolio across
the longest possible time period, from 29 August 1997 tdue® 2018.

Table 25: Construction of the time varying porifoli
Longest possible sample

Period Period

Start Change Set n End
29/08/97 AGL ENV 2 09/06/00
16/06/00 +APA AGL APA ENV 3 13/10/00
20/10/00 +AAN AAN AGL APA ENV 4 14/12/01
21/12/01 +GAS AAN AGL APA ENV GAS 5 06/08/04
13/08/04 +DUE AAN AGL APA DUE ENV GAS 6 10/12/04
17/12/04  +HDF AAN AGL APA DUE ENV GAS HDF 7 09/10
16/12/05  +SPN AAN AGL APA DUE ENV GAS HDF SPN 8 Q6/06
13/10/06  -AGL AAN APA DUE ENV GAS HDF SPN 7 10/180
17/11/06  -GAS AAN APA DUE ENV HDF SPN 6 23/02/07
02/03/07  +SKI AAN APA DUE ENV HDF SKI SPN 7 17/0810
24/08/07  -AAN APA DUE ENV HDF SKI SPN 6 23/11/12
30/11/12  -HDF APA DUE ENV SKI SPN 5 28/06/13

8 “The dates shown reflect the availability of priobservations (consistent with dates presented
elsewhere in the document). Where there is aniaddib the available set of firms, the first polito
return observation will reflect the previous firmnaposition, since there is a one week delay between
the first price observation and the first retursetvation for the new firm. Where there is a deiduct
from the available set of firms, there is no deday the first portfolio return observation will hesft

the new portfolio construction.”
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Table 26 shows the construction of the portfolio for the pethadl starts after the end of the
tech boom (1 January 2002), excludes the GFC (1 Septemberd@B8@&8ictober 2009) then
concludes at the 30 June 2013.

Table 26: Construction of the time varying porifoli
Sample post tech boom, ex GFC

Period Period

Start Change Set n End
04/01/02 AAN AGL APA ENV GAS 5 06/08/04
13/08/04 +DUE AAN AGL APA DUE ENV GAS 6 10/12/04
17/12/04  +HDF AAN AGL APA DUE ENV GAS HDF 7 09/10
16/12/05 +SPN AAN AGL APA DUE ENV GAS HDF SPN 8 6/06
13/10/06  -AGL AAN APA DUE ENV GAS HDF SPN 7 10/180
17/11/06  -GAS AAN APA DUE ENV HDF SPN 6 23/02/07
02/03/07  +SKI AAN APA DUE ENV HDF SKI SPN 7 17/0810
24/08/07  -AAN APA DUE ENV HDF SKI SPN 6 29/08/08
05/09/08 (GFC period excluded) 30/10/09
06/11/09 APA DUE ENV HDF SKI SPN 6 23/11/12
30/11/12  -HDF APA DUE ENV SKI SPN 5 28/06/13

Table 27 shows the construction of the portfolio for the lasty®ars, commencing on 1 July
2008 and ending on 30 June 2013.

Table 27: Construction of the time varying porifoli
Last five years (July 2008 to June 2013)

Period Period
Change Set n
Start End
04/07/08 APA DUE ENV HDF SKI SPN 6 23/11/12
30/11/12  -HDF APA DUE ENV SKI SPN 5 28/06/13
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3.6. Estimation results: Time-varying portfolios

Table 28 presents estimates of equityfor the time varying portfolios using a weekly
sampling frequency. This analysis uses both OLS and LARessmpn calculations. Three
different sampling periods are presented in the one table (longeshlpasainple, sample
post tech boom and excluding GFC, last five years).

Table 29 presents estimates of equityor the time varying portfolios using a monthly
sampling frequency as a robustness check on the weekly resusianBlysis is restricted to

the OLS regression calculation.
Table 30 is a summary table of the time varying portfolio arsfy®sented in Tables 28-29.

Table 28 presents estimates of equtyfor the time varying portfolios using a weekly
sampling frequency. The portfolio returns are calculated using bethaverage and the
median of the returns for (time-varying) constituent firms, as io&duby the AER. Three
different sampling periods are presented. This analysis useOh&hand LAD regression
calculations. Each portfolio is delevered/relevered to the benchmarkgégbiper cent) and
95% confidence intervals are calculated. Great caution should be placady anference

based on the estimates and confidence intervals report for these &ignegvportfolios’.
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Table 28: Delevered/relevered estimateg of
Time-varying portfolio — Average and median returns

Three different sample periods — Weekly frequency

Longest possible Post tech, ex GFC Last five years
Sample period 04/01/02 to 29/08/08
29/08/97 to 28/06/13 04/07/08 to 28/06/13
06/11/09 to 28/06/13
Ave Med Ave Med Ave Med
G 0.5666 0.5666 0.5835 0.5835 0.6490 0.6490
G 1.0835 1.0835 1.0413 1.0413 0.8774 0.8774
/3’ 0.4954 0.4582 0.5304 0.5118 0.4336 0.3904
S.e 0.0365 0.0340 0.0365 0.0347 0.0503 0.0442
By 0.5670 0.5248 0.6019 0.5798 0.5323 0.4770
B 0.4239 0.3916 0.4589 0.4439 0.3349 0.3038
[” 0.5080 0.4456 0.5318 0.4830 0.4647 0.3856
S.e 0.0365 0.0340 0.0365 0.0347 0.0504 0.0442
'Bu 0.5796 0.5122 0.6033 0.5510 0.5635 0.4723
'BI 0.4365 0.3790 0.4603 0.4150 0.3659 0.2989
N 826 826 537 537 260 260
R

0.1827 0.1809 0.2833 0.3077 0.2233 0.2323

Consider first the OLS estimates. For portfolios using the geereturn of the constituent
firms, the average estimate of equpty E(,@), was 0.4865 with a maximum estimate of

0.5304, and a minimum of 0.4336. For portfolios usingrteglian return of the constituent
firms, the average estimate of equityas 0.4535 with a maximum estimate of 0.5118, and a
minimum of 0.3904. The evidence from Table 28 suggests thah#jority of the OLS point

estimates lie in the range 0.39 to 0.54.

Turning to the LAD estimates, for portfolios using the averagerrretiithe constituent firms,
the average estimate of equﬁi,yE(,E), was 0.5015 with a maximum estimate of 0.5318, and

a minimum of 0.4647. For portfolios using the median returthefconstituent firms, the
average estimate of equitywas 0.4381 with a maximum estimate of 0.4830, and a mmmim

of 0.3856. The estimates are broadly equivalent across the threeerdifBsamples. The
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evidence from Table 28 suggests that the majority of the LADBt gsitimates lie in the range
0.38 to 0.54. All the LAD estimates lie within the 95% ®Ikconfidence interval for the
relevant portfolio. This suggests that the information providgdthe LAD estimates is
consistent with the evidence provided by the OLS estimates.

Given the concerns about measurement error and bias due to stringtalaility, extreme
caution should be placed on any interpretation of the estimafesbie 28. Taken together,
the evidence from Table 28 suggests that the point estimates tyf @djeiin the range 0.38
to 0.54. The evidence in Table 28 is, broadly speaking, ¢ensiwith the outcomes reported
in Table 5.6 of Henry (2009). However, given the concerns aboutuneeasnt error and/or
structural instability in the estimates obtained for the timetagrportfolios, it is the strong
view of the consultant that there is no reliable evidence to be galiwed the value df from

this exercise.
Table 29 presents estimates of eqiitior the time varying portfolios. It differs from Table

28 in that it uses monthly sampling and does not presel tggression calculations as
instructed by the AER.
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Table 29: Delevered/relevered estimateg of
Time-varying portfolio — Average and median returns

Three different sample periods — Monthly frequency

Longest possible Post tech, ex GFC Last five years
Sample period 04/01/02 to 29/08/08
29/08/97 to 28/06/13 04/07/08 to 28/06/13
06/11/09 to 28/06/13
Ave Med Ave Med Ave Med
G 0.5666 0.5666 0.5835 0.5835 0.6490 0.6490
2 1.0835 1.0835 1.0413 1.0413 0.8774 0.8774
B 0.4471 0.4673 0.4506 0.4514 0.3949 0.4482
S.e 0.0790 0.0719 0.0850 0.0837 0.1074 0.0826
By 0.6019 0.6083 0.6172 0.6154 0.6054 0.6101
B 0.2924 0.3263 0.2839 0.2873 0.1844 0.2862
N 190 190 122 122 59 59
R

0.1457 0.1833 0.1897 0.1951 0.1917 0.3405

Consider first the OLS estimates. For portfolios using tlezaae return of the constituent
firms, the average estimate of equpty E(,@), was 0.4309 with a maximum estimate of

0.4506, and a minimum of 0.3949. For portfolios usingrteglian return of the constituent
firms, the average estimate of equityas 0.4556 with a maximum estimate of 0.4673, and a
minimum of 0.4482. The evidence from Table 28 suggests thanh#jority of the OLS point

estimates lie in the range 0.39 to 0.47.

Given the concerns about measurement error and bias due to strucitahblliiy, great
caution should be placed on the interpretation of the estimatesbile Z9. Taken together,
the evidence from Table 29 suggests that the point estimates tf @djeiin the range 0.39
to 0.47. The evidence in Table 29 is, broadly speaking, ¢ensisith the outcomes reported
in Table 5.6 of Henry (2009). However, given the concerns aboutunesasnt error and/or
structural instability in the estimates obtained for the timeimgrportfolios, it is the strong
view of the consultant that there is no reliable evidence to be galoed the value d¥ from

this exercise.

Table 30 presents a summary of the eqgfigstimates from Tables 28-29. Note that when

comparing this table to Table 18 (summary of fixed portfolios)tbéadings ‘Ave’ and ‘Med’

58



have different interpretations. Here, these labels refer to the measurdraf trdency for
individual firm returns within the portfolio. In Table 18, theefer to the method of

aggregating results across multiple different portfolios.

Table 30: Delevered/relevered estimateg of

Summary of time-varying portfolio equitypoint estimates from tables 28-29

Sample period Longest possible Post tech, ex GAGst five years

Ave Med Ave Med Ave Med
Weekly OLS (4954 0.4582 0.5304 0.5118 0.4336 0.3904

Weekly LAD (,5080 0.4456 0.5318 0.4830 0.4647 0.3856
Monthly OLS (.4471 0.4673 0.4506 0.4514 0.3949 0.4482

Taken together, it is the view of the consultant that there ielble evidence about the
value off3 presented in Tables 28-30.

3.7. Thin trading analysis: Time-varying portfolios

Table 31 presents estimates of Dimsdh’'for the time varying portfolios, using a weekly
sampling frequency. The equify estimates underlying this analysis were presented in
Table 28.
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Table 31: Dimson’§ — Portfolios
Time-varying portfolio — Average and median returns

Three different sample periods — Weekly frequency

Longest possible Post tech, ex GFC Last five years
Sample Perog, o 08197 to 2810613 - 02 10 290808, 2108 10 28106113
06/11/09 to 28/06/13

Ave Med Ave Med Ave Med
B 0.055 0.033 -0.038 -0.025 0.114 0.084
s.e 0.034 0031 0035 0034 0.057 0.050
B 0.458 0.423 0510 0.492 0500 0.449
s.e 0.034 -0.025 0.035 0.033 0.058 0.051
B -0.032 -0.024 0.003 0.002 -0.058 -0.047
s.e 0.034 0031 0035 0.033 0.057 0.051
B’ 0.482 0432 0475 0468 0.556 0.486
s.e 0.059 0055 0061 0.058 0.105 0.092
B 0457 0423 0509 0492 0494 0.445
s. 0.034 0031 0035 0033 0.057 0.050

B’ 0725 -0.288 0968 0.707 -1.073 -0.809

EOLS
I

Of the B_, andB,,, coefficients in Table 31, only th§_, value for the average returns over

the last five years is marginally significant. The results inl@ &4 are consistent with the

view that there is a paucity of evidence of thin trading in theptawf firms considered in
this report. Moreover, none of the t-statistics used to test tpetlnssis H, ,51 =pP°

reported in Table 31 are statistically significant. This indicates there is an absence of
evidence of thin trading in this sample period. However, itassttong view of the consultant
that, in the light of the discussion regarding Tables 28F3Ble 31 is uninformative.

3.8. Stability and sensitivity analysis: Time-varyingtbolios

The appendix presents recursive estimates3of for the time—varyitfglipousing the

longest available sample period. It is the view of the condutitat Figures 3.1 — 3.4 in the

appendix are entirely uninformative.
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Table 32 presents the Hansen (1992) Structural Stability Tegtefame-varying portfolios
presented in Table 28. The Hansen test has not been calculatezlrfontbontiguous sample

(post-tech boom and ex-GFC) for the reasons set out above.

Table 32: Hansen (1992) Structural Stability Tests
Time-varying portfolio — Weekly frequency

Longest possible sampleast five years sample
29/08/97 to 28/06/13  04/07/08 to 28/06/13

Ave Med Ave Med

Joint 0.05 0.00 0.01 0.00
o’ 0.04 0.00 0.01 0.00
a 0.42 0.28 0.21 0.25
4 0.10 0.80 0.11 0.36

With the exception of the Average portfolio in the longestsjiibs sample, the joint tests

reject the null of parametric stability for all portfolios. Thisertjon is as a result of
instability of the residual variances’, which may reflect changes in the estimated level of
portfolio-specific risk. However, the rejection of the null of stapitif the residual variance,
o’, may also be a function of the potential measurement error associatedthei

construction of the Average and Median portfolios. However,thiésview of the consultant

that, in the light of the discussion regarding Tables 28F3lle 32 is uninformative.
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4.  Summary of advice

The following is a brief set of conclusions that the consultastdrawn from working with
the data described in this document and in the reports submi2e08 and 2009.

4.1. Sampling Frequency

Henry (2009) advises the use of data sample at a weekly frequency. 3teraideoff
between the noisy nature of the daily data and the lack of degreesadiin in monthly data.

The consultant has no reason to alter this advice.

4.2. Construction of Returns

Henry (2009) advised that it is usual to employ contingoasimpounded returns. There was
no evidence thaf estimates obtained from discretely compounded data are manifestly
different. Henry (2009) advised the use of raw as opposed to exaass.rdthe consultant

has no reason to alter this advice.

4.3. Parameter Instability

There is no overwhelming issue with instability. The OLS &aAd estimates off differ.
However this difference in the point estimates fofis almost universally statistically

insignificant.

Neither of the recursive least squares estimators appears to demarsikateing evidence
of parameter instability. It is important to note that these astira are not sufficient in the
sense that they do not employ all available information. Theie Hansen (1992) test for
parameter instability produces evidence of instability in theessgon models. Where this
instability is detected it is almost uniformly due to a changéhe error variance in the
regression model. There is no evidence of parameter instabilityciagsb with the
coefficients of the regression models themselves. This evidence is laeogsigtent with the
view that asset specific volatility may have been unstable dthiengeriods examined by the

consultant in this report and Henry (2008), and Henry (2009).
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4.4. Summary of advice on estimatiorpof

In terms of the sample period, it is the view of the consultiaat the most appropriate
approach is to use all available data. The purpose of this exercieeolstain accurate
estimates of the level of risk which is not diversifiable in eacthefeuities of interest. To
omit data because of concerns about instability is only correstenthere is strong evidence
of instability. In this report there is little evidence of atstity in the intercept or slope of the
Security Market Line estimated using the full sample. This m#aatsthere is little or no
reason to omit data and/or partition the sample. The consultahtie opinion that the most
reliable evidence about the magnitude ofis provided in Tables 2, 14 and 16 using

individual assets and fixed weight portfolios.

The ‘time-varying portfolios’ are not well founded in financial thedk portfolio is a linear
combination of assets. The ‘time-varying portfolios’ do nots§atihis definition. Moreover,
there is likely to be measurement error in the returns to the ‘tinyggaportfolios’ arising
variation in the weights and from co-variation between the returtietoonstituent assets in
the portfolio and the weights. In the opinion of the comsiilthere is no reliable evidence to

be gained from the analysis of such ‘time-varying portfolios’.

4.5.Magnitude ofs

In the opinion of the consultant, the majority of the evidemesgnted in this report, across
all estimators, firms and portfolios, and all sample periods dereil, suggests that the point
estimate foi lies in the range 0.3 to 0.8. Given the differences in sangpieds and sizes
underlying the various individual estimates provided in Tabldgl2nd 16 using individual
assets and fixed weight portfolios it is difficult to pin doamalue for the beta of a typical
firm, however within the range 0.3 to 0.8 the average of the &ligates for the individual

firms reported in Table 2 is 0.5223 while the median estimat8#386
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Appendix: Recursive Estimation

This appendix presents recursive estimates /bf for each of the firmpatfdlios

discussed in above. Two estimation strategies are employegl asnoving window with a
fixed width of 1 year of data and an expanding window withahwidth of 1 year of data.
The results are, in general, remarkably similar. First, irrespectivieeofdnstruction of the
recursion, the evidence for each firm or portfolio is consistent. Setioge, is only weak
visual evidence of time variation in the estimatesff across theipltte Appendix. That
is, there are no occasions when the recursive estimates displanssulastantial jumps
across all the cases considered. Moreover, there is no systemaénoceviaf regression to

unity. In short, there is no strong evidence of instabifitthe estimate df.
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1. Recursive Estimatesof B: Individual firms

These recursive estimates are generated using the longest availablefsapgih stock.

Recursive estimates of RMKT
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Figure 1.1: AAN 20/10/2000 — 17/08/2007

Recursive estimates of RMKT
Using a moving window of width 52
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Figure 1.2: AAN 20/10/2000 — 17/08/2007
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Recursive estimates of RMKT
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Figure 1.3: AGL 29/05/1992 to 06/10/2006

Recursive estimates of RMKT
Using a moving window of width 52
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Figure 1.4: AGL 29/05/1992 to 06/10/2006
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Recursive estimates of RMKT
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Figure 1.5 APA 16/6/2000 to 28/06/2013

Recursive estimates of RMKT
Using a moving window of width 52
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Recursive estimates of RMKT
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Figure 1.7 DUE 13/08/2004 to 28/06/2013

Recursive estimates of RMKT
Using a moving window of width 52
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Figure 1.8 DUE 13/08/2004 to 28/06/2013
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Recursive estimates of RMKT
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Figure 1.9 ENV 29/08/1997 to 28/06/2013

Recursive estimates of RMKT

Using a moving window of width 52
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Figure 1.10 ENV 29/08/1997 to 28/06/2013
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Recursive estimates of RMKT
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Figure 1.11: GAS 17/12/2001 to 10/11/2006
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Figure 1.12: GAS 17/12/2001 to 10/11/2006
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Recursive estimates of RMKT
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Figure 1.13 HDF 17/12/2004 to 23/11/2012

Recursive estimates of RMKT
Using a moving window of width 52

40

30

20

10 4

-10

-20

-30

-40 R R R RN R R R e R IR
2007 2008 2009 2010 2011 2012

RMKT

2006

+1.96 Std. Err.

-1.96 Std. Err.

Figure 1.14 HDF 17/12/2004 to 23/11/2012
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Figure 1.15: SKIX 02/03/2007 to 28/06/2013
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Figure 1.16: SKIX 02/03/2007 to 28/06/2013
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Recursive estimates of RMKT

1.25

1.00 —

0.75

0.50 —

0.25

DS

S Y A NN

0.00

-0.25

-0.50

-0.75

L e e o A L e AN e e o
2008 2009 2010 2011 2012 2013

RMKT

2007

+1.96 Std. Err.  ————  -1.96 Std. Err.

Figure 1.17: SPN 16/12/2005 to 28/06/2013
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Figure 1.18: SPN 16/12/2005 to 28/06/2013
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2. Recursive Estimates of B: Portfolios

These recursive estimates are generated using the longest available fangach fixed

weight portfolio.

2.1. Fixed weight portfolios: Equal weighted

Recursive estimates of RMKT
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Figure 2.1: P1: 16/6/2000 to 28/6/2013
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Recursive estimates of RMKT
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Figure 2.2: P1: 16/6/2000 to 28/6/2013
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Recursive estimates of RMKT
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Figure 2.3: P2: 21/12/2001 to 06/10/2006
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Figure 2.4: P2: 21/12/2001 to 06/10/2006
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Recursive estimates of RMKT
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Figure 2.5: P3: 16/12/2005 — 23/11/2012

Recursive estimates of RMKT

Using a moving window of width 52
3.0

2.5
2.0
15
1.0

R il =

. \ ‘\--\.\
-0.5 1
-1.0 1

2010 2011 2012

-1.96 Std. Err.

L e e e B e e ML L o e
2007 2008 2009

RMKT

+1.96 Std. Err.
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Figure 2.7: P4: 02/03/2007 to 23/11/2012
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Figure 2.9: P5: 02/03/2007 to 28/06/2013
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2.2. Fixed weight portfolios: Value weighted

Recursive estimates of RMKT
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Figure 2.11: P1 — Value Weight 16/6/2000 — 28/6/2013
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Recursive estimates of RMKT
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Recursive estimates of RMKT
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Recursive estimates of RMKT
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Figure 2.19 P5 — Value Weight 02/03/2007 — 28/06/2013
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2.3. Time-varying portfolios
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Figure 3.1: Average Portfolio 29/08/1997 — 28/06/2013
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Appendix: Unadjusted betas

This appendix presents estimates of eqflityhat have not been delevered/relevered to the
benchmark gearing (60 per cent) for the individual equity issuesrédults are presented for
Tables 2-4 (the individual equity) and 14-17 (the fixed wepghtfolios) in the report. As no
weight is placed on the ‘time-varying portfolios’ the raw resalts not presented in this
appendix.

Table Al: Raw estimates pfor Table 2
Longest sample available — Weekly frequency
AAN AGL APA DUE ENV GAS HDF SKI SPN

Start 20/10/00 29/05/92 16/06/00 13/08/04 29/08/97 21/12/01 17/12/04 02/03/07 16/12/05
End 17/08/07 06/10/06 28/06/13 28/06/13 28/06/13 10/11/06 23/11/12 28/06/13 28/06/13

~

B 0.5818 0.3874 0.5418 0.4813 0.4331 0.3761 0.7979 0.3869 0.2914
S.€ 0.1057 0.0629 0.0512 0.0699 0.0517 0.1014 0.1203 0.0726 0.0632

£u 0.7889 0.5106 0.6423 0.6183 0.5344 0.5749 1.0336 0.5293 0.4152

B 0.3747 0.2642 0.4414 0.3444 0.3318 0.1773 0.5622 0.2445 0.1676

£ 0.3969 0.4091 0.5388 0.3641 0.4055 0.2699 0.5471 0.3763 0.2885
S-€ 0.1064 0.0629 0.0513 0.0702 0.0517 0.1021 0.1209 0.0727 0.0632

By 0.6053 0.5324 0.6392 0.5016 0.5069 0.4699 0.7841 0.5187 0.4123

B| 0.1884 0.2858 0.4383 0.2266 0.3042 0.0698 0.3102 0.2339 0.1647

N 356 749 680 463 826 255 414 330 393
R’ 0.0789 0.0484 0.1416 0.0933 0.0785 0.0516 0.0965 0.0796 0.0516
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Table A2: Raw estimates pfor Table 3
Sample from 2002 to present, excluding GFC — Wdeddyiency

AAN AGL APA DUE ENV GAS HDF SKI SPN
Start 04/01/02 04/01/02 04/01/02 13/08/04 04/01/02 04/01/02 17/12/04 02/03/07 16/12/05
End 17/08/07 06/10/06 29/08/08 29/08/08 29/08/08 10/11/06 29/08/08 29/08/08 29/08/08
Start 06/11/09 06/11/09 06/11/09 06/11/09 06/11/09 06/11/09
End 28/06/13 28/06/13 28/06/13 12/11/12 28/06/13 28/06/13

~

B 0.6587 0.4257 0.5664 0.4975 0.4791 0.3797 0.6893 0.3873 0.4592
S-€ 0.1220 0.0958 0.0628 0.0702 0.0581 0.1019 0.0842 0.0880 0.0735
Pu 0.8977 0.6135 0.6896 0.6352 0.5929 0.5795 0.8543 0.5597 0.6033

A1 0.4196 0.2380 0.4433 0.3598 0.3653 0.1800 0.5243 0.2149 0.3151

£ 0.4059 0.3316 0.4761 0.4281 0.4395 0.2699 0.5514 0.4665 0.4572
S.€ 0.1231 0.0961 0.0630 0.0704 0.0581 0.1026 0.0846 0.0881 0.0735

By 0.6471 0.5200 0.5995 0.5660 0.5534 0.4710 0.7172 0.6392 0.6014

B\ 0.1647 0.1432 0.3526 0.2902 0.3257 0.0687 0.3855 0.2938 0.3131

N 293 248 537 401 537 253 352 268 331
R’ 0.0911 0.0743 0.1319 0.1117 0.1128 0.0524 0.1607 0.0679 0.1060
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Table A3: Raw estimates pfor Table 4

Last five years sample — Weekly frequency

Start
End

APA DUE ENV

04/07/08 04/07/08 04/07/08
28/06/13 28/06/13 28/06/13

HDF SKI  SPN

04/07/08 04/07/08 04/07/08
12/11/12 28/06/13 28/06/13

sy O
> &7 ™

0.5427 0.4295 0.5218
0.0670 0.0913 0.0898
0.6740 0.6084 0.6977

0.4114 0.2506 0.3459

0.8247 0.3647 0.2939
0.1767 0.0757 0.0752

1.1710 0.5130 0.4414

0.4784 0.2163 0.1465

0
o ™

0.5415 0.3813 0.5453
0.0670 0.0915 0.0900

0.6728 0.5606 0.7217

0.4102 0.2020 0.3689

0.6288 0.2627 0.4371
0.1772 0.0761 0.0760
0.9761 0.4118 0.5860

0.2816 0.1136 0.2883

Q zZ ™

260 260 260
0.2028 0.0791 0.1158

229 260 260
0.0876 0.0825 0.0559
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Table A4: Raw estimates pfor Table 14
Fixed portfolio— Equal weighting

Longest sample available — Weekly frequency

P1 P2 P3 P4 P5
] AAN AGL APA APA DUE ENV APA DUE ENV HDF APA DUE ENV
Firms APA ENV
ENV GAS HDF SPN SKI SPN SKI SPN
Start 16/06/2000 21/12/2001 16/12/2005 02/03/2007 02/03/2007
End 28/06/2013 06/10/2006 23/11/2012 23/11/2012 28/06/2013
,8 0.5059 0.4245 0.5424 0.5260 0.4626
S.€ 0.0392 0.0576 0.0504 0.0540 0.0456
ﬁ u 0.5828 0.5374 0.6412 0.6319 0.5520
,3| 0.4290 0.3116 0.4437 0.4201 0.3733
,3 0.5068 0.3345 0.5515 0.5514 0.5205
S.e 0.0393 0.0581 0.0505 0.0541 0.0458
'Bu 0.5838 0.4484 0.6506 0.6575 0.6103
,3| 0.4298 0.2207 0.4525 0.4453 0.4308
N 680 250 362 299 330
R 0.1968 0.1796 0.2436 0.2419 0.2389
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Table A5: Raw estimates pfor Table 15
Fixed portfolio— Equal weighting
Longest sample available but excluding tech boodhGIRC — Weekly frequency

P1 P2 P3 P4 P5
] AAN AGL APA APA DUE ENV APA DUE ENV HDF APA DUE ENV
Firms APA ENV
ENV GAS HDF SPN SKI SPN SKI SPN

Start 16/06/2000 21/12/2001 16/12/2005 02/03/2007 02/03/2007
End 28/06/2013 06/10/2006 23/11/2012 23/11/2012 28/06/2013

B 05228 0.4253 0.5751 0.5672 0.5235

S.€  0.0445 0.0579 0.0474 0.0528 0.0493
By 06100 0.5389 0.6680 0.6707 0.6201

B\ 0.4355 0.3118 0.4822 0.4637 0.4268

B 04761 0.3119 0.5788 0.5978 0.5832

S.e  0.0446 0.0585 0.0475 0.0529 0.0495
By 05635 0.4265 0.6719 0.7015 0.6802

B  0.3887 0.1972 0.4856 0.4940 0.4862

N 537 248 300 237 268

R 02049 0.1797 0.3307 0.3292 0.2976
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Table A6:Raw estimates pfor Table 16
Fixed portfolio— Value weighting

Longest sample available — Weekly frequency

P1 P2 P3 P4 P5

_ AAN AGL APA APA DUE ENV APA DUE ENV APA DUE ENV

Firms APA ENV
ENV GAS HDF SPN HDF SKI SPN SKI SPN

Start 16/06/2000 21/12/2001 16/12/2005 02/03/2007 02872
End 28/06/2013 06/10/2006 23/11/2012 23/11/2012 28@KB32

4 0.5171 0.4505 0.4778 0.4730 0.4497

S.€ 0.0399 0.0702 0.0467 0.0506 0.0467
B u 0.5952 0.5881 0.5693 0.5721 0.5413
,3| 0.4389 0.3128 0.3862 0.3739 0.3581

B 0.5688 0.3730 0.5022 0.5145 0.5091
S.€ 0.0399 0.0704 0.0469 0.0507 0.0470
'Bu 0.6471 0.5110 0.5941 0.6139 0.6011
,3| 0.4905 0.2351 0.4103 0.4151 0.4171

N 680 250 362 299 330

R 0.1988 0.1423 0.2252 0.2275 0.2201
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Table A7: Raw estimates pfor Table 17
Fixed portfolio — Value weighting

Longest sample available but excluding tech boodhGIRC — Weekly frequency

P1 P2 P3 P4 P5
] AAN AGL APA APA DUE ENV APA DUE ENV HDF APA DUE ENV
Firms APA ENV
ENV GAS HDF SPN SKI SPN SKI SPN

Start 16/06/2000 21/12/2001 16/12/2005 02/03/2007 02/03/2007
End 28/06/2013 06/10/2006 23/11/2012 23/11/2012 28/06/2013

B 05364 0.4497 0.5475 0.5443 0.5288

S.€  0.0473 0.0706 0.0483 0.0534 0.0507
By 06201 0.5882 0.6422 0.6490 0.6282

B\  0.4437 0.3113 0.4527 0.4396 0.4294

B 05186 0.3635 0.5243 0.5872 0.5982

S  0.0474 0.0709 0.0484 0.0536 0.0509
By 06114 0.5024 0.6192 0.6922 0.6980

B 04257 0.2245 0.4294 0.4823 0.4984

N 537 248 300 237 268

R 01938 0.1415 0.3009 0.3064 0.2900
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Annex A: Value Weights:

Weights used to construct value weighted portfolios in TalBe21, and 24.

P1 APAX ENVX
Market Cap 1561 821
Weight 0.6553 0.3447

P2 AAN AGKX  APAX  ENVX  GASX
Market Cap 1642 5784 839 787 323
Weight 0.1752 0.6169 0.0895 0.0839 0.0345

P3 APAX DUEX ENVX HDFX  SPAU
Market Cap 1941 1632 856 670 2611
Weight 0.2518 0.2116 0.1110 0.0870 0.3386

P4 APAX  DUEX ENVX  HDFX SKIX SPAU

Market Cap 2059 1707 840 718 1604 2583
Weight 0.2165 0.1795 0.0884 0.0754 0.1687 0.2715

P5 APAX  DUEX  ENVX SKIX SPAU
Market Cap 2333 1790 917 1666 2703
Weight 0.2480 0.1903 0.0975 0.1770 0.2873
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Weights used to construct value weighted portfolios in TaMe22.

P1 APAX ENVX
Market Cap 1721 900
Weight 0.6567 0.3433

P2 AAN AGKX APAX ENVX GASX

Market Cap 1651 5804 841 789 323
Weight  0.17/55 0.6169 0.0894 0.0838 0.0344

P3 APAX DUEX ENVX HDFX SPAU

Market Cap 2043 1685 916 730 2706
Weight  0.2529 0.2086 0.1134 0.0903 0.3349

P4 APAX DUEX ENVX HDFX SKIX SPAU

MarketCap 2218 1794 913 804 1700 2696
Weight  0.2190 0.1772 0.0901 0.0794 0.1679 0.2662

P5 APAX DUEX ENVX SKIX SPAU

Market Cap 2535 1886 998 1765 2831
Weight  0.2531 0.1883 0.0997 0.1762 0.2827
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