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We show that/random variation across samples leaelstitnates of credit value that move in
the opposite_direction to estimates of cash valueiv@iee prices suggest a value for credits
of 0.01 t0"0:20 (0.01 to 0.07 if cash is worth 0.94] @ri3 to 0.20 if cash is worth 0.87). Ex-
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1. Introduction

Since dividend imputation was introduced to Austr@fayears ago, researchers and corporate
finance practitioners have debated the extent to wimipbtation credits are incorporated into share
prices. One reason for divergent opinions is that rangmation in samples leads to estimates of the
value of imputation credits moving in the oppositeection to estimates of the value of cash. This
occurs because franking credits are only attacheditiedds and presents an interpretation challenge
even if colinearity -metrics are at levels considerenkgely acceptable.

We illustrate this problem using simulation analydifien, we estimate the value of imputation
credits acrosssthree tax regimes, accounting for thiegjstimation of imputation credit value and cash
dividend value. We rely upon two empirical datasetxidtive prices and ex-dividend prices) and
present bootstrapped confidence intervals. The bogtetiapamples show the inverse relationship
between estimated credit and cash values, and adldey make conditional statements on the value of
credits Derivative prices suggest a value for credits of 0.00.26 (0.01 to 0.07 if cash is worth 0.94,
and 0.13 to 0.20 if cash is worth 0.87). Ex-dividendgwisuggest a value for credits of 0.23 to 0.46
(0.23 to 0.36._if cash is worth 0.85, and 0.33 to @.46@sh is worth 0.75).

2. Literaturereview
2.1.Empirical'evidence on the impact of imputation

Since the'introduction of dividend imputation to Aadia in 1987 researchers have attempted to
measure“its.Jmpact on share prices, investment desisioportfolio managers, and corporate policy
regarding capital structure and distributions to egbijders. The unresolved issue hew to
incorporate imputation credits in valuation and cdstapital estimates. In this section we document
the research that appears settled, and the researd¢hrefmains contentious.

We know thatiimputation credits form an important congua of portfolio selection. Pension funds
and unit trugts hold above-market weight positiorstacks that pay franked dividends (Jun, Gallagher
and Partington;¥2011). Off-market share buybacks haven®ea popular mechanism for distributing
franking credits, and investors are prepared to tendershagseibstantial discounts to market prices to
participate. Brown and Davis (2012) report that in mosthw@fket buybacks, investors sell their shares
back to the company at the maximum discount of 14 eat allowed by the Australian Taxation Office
(ATO). Upon the ‘announcement of an off-market buybduwetis abnormal trading volume amongst
shares in which franking credits will form part of the riistion, consistent with shares being bought
by investors™who wil receive the most cash benefinftbe credits (Yong, Brown and Ho, 2014).

We also know.that imputation credits affect corporateriege. Subsequent to the introduction of
dividend imputation, firms altered their capital struetutowards relatively greater use of equity over
debt (Twite, 2001). In addition, prior to imputation, #nmmarginal tax rates and leverage were
inversely related, consistent with capital structusotiin a classical tax system. However, the inverse
relationship between firm’s marginal tax rate and leverage is not present followiegintroduction
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of imputation (Twite, 2001; Pattenden, 2006). Thisc@sistent with managers responding to a
reduction in the incremental tax benefit of debt overiteq

Finally, we know that imputation affects the decisamnto whether a company conducts an on-
market buyback or an off-market buyback. When a firmehlssge franking account balance, there is
a greater chancethiatonducts an off-market buyback, rather than an on-matkéaclk(Brown and
Norman, 2010);,when a firm has a very large amount of usuigash to distribute, the off-market
buyback is the predominant way to distribute castppssed to paying a special dividend or conducting
an on-market, buyback (Coulton and Ruddock, 201ttgding volume is abnormal upon the final
announcement of an off-market buyback and in subséqiass as investors with low marginal tax
rates attempt to“increase their exposure to the disinbof franking credits (Yong, Brown and Ho,
2014); firms eonducting on-market buybacks do so atettgense of ordinary dividends, but firms
conducting off-market buybacks (in which the distrioutid credits is larger and shares can be bought
at a discounted ‘price) are effectively distributing manputation credits than they would otherwise
(Brown, Handlg and O’Day, 2015); a company is more likely to institute a dividendhvestment
program the higher its franking percentage and subsetuéme July 2000 introduction of the cash
rebate (Abraham, Marsden and Poskitt, 2015); and dadddehAustralian-listed corporations increase
with Australian-paid taxes (which generate imputati@dits) but decrease with foreign taxes (Akhtar,
2018)2

What is far from settled, however, is the relationshipvben imputation credits and stock prices.
There is no censensus about how much different a company’s stock price would be, contingent upon
whether its«dividends are accompanied by imputationitsteBecent estimates of the value of a
distributed credit from dividend drop-off studies includg70from Beggs and Skeels (200€).40 from
Minney (20103, 0.35 from Cannavan, Costello, Gray, Hall and Tan (20484 0.34 from Vo, Gellard

1 Coulton and Ruddock (2011) report that the averafjenarket buyback from 1993 to 2004 involved the
distribution of'$304 million compared to $50 mifidor regular dividends, $35 million for speciatidiends and
$49 million for_on-market buybacks. The sample earg 34 off-market buybacks only, so they do notusc
often. But the off-market buybacks that do occenseery large.

2 Davis (2016;pul8)summarises the state ofplay as “There is evidence that Australian listed compag@serally
have higher dividend payout ratios than comparabfapanies overseas. There have been a numberdiéstu
that demonstrate an increase in dividend payoudsablliowing the introduction of imputation suclmat
Australian dividendspayout ratios exceed those tbwverseas. Several other features of company diahn
behaviour follow from this, including: less use afi-market share repurchases; and greater use afediv
reinvestmentischemes. Australian listed compang&s ehibit less leverage than found overseas,lanerage
declined following.thie introduction of imputaticn.

8 Table 5, p247.

4 Table 1,"pm31, ‘with reference to the time pedd@001 to 2004. Minney (2010) reports a coeffitieh 0.177.
He states on the'same page that, to obtain anagstmfiwhat the market will pay to obtain a $1 kiag credit,
the coefficient needs to be divided by (corporabe rate + [1- corporate tax rate]). Over the 9-year period
analysed, the average corporate taxrate is 3@ddgnt, with 1 year in which the corporate tagiiat34 per cent
and 8 years in which the corporate tax rate is &cgnt. The estimated value of imputation credit8.177 +
(0.3044 +[1-0.3044]) =0.177 +0.4377 = 0.4044.

5 Table 3, p. 20, with reference to model 4. In 2083 paper, we update the analysis presented éawdiar paper
(Costello, Gray, Halland Tan, 2011) that was det@ by the Australian Competition Tribunal in Amgation by
Energex Limited (Gamma) (No 5) [2011] ACompT9 (Mady 2011). We also performadditional robustnessste
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and Mero (2013) Studies of security prices other than cum- andiigdend stock prices have
generated estimates of franking credit valo6.52 from Cummings and Frino2008’, and0 from
Cannavan, Finn and Grag0048.

These values, with the exception of that from the dasdy by Cannavan, Finn and Gray (2004),
have been estimated with respect to the cash rebgitee (in effect since 1 July 2000) that allows
Australian resident investors to receive a cash rebatenfiutation creditsThe suite of estimates of
imputation credit value from the cash rebate reginlesgrated in Figure 1. The figure also shows the
estimated, value,of cash dividends and the estimeatied of a fully franked dividend package. There
are two important implications.

First, there ishan inverse relationship between edinat cash value and credit value. The two
papers with'the highest cash value estimates havewiest credit value estimates (Cannavan, Costello,
Gray, Hall and Tan, 2013; Vo, Gellard and Mero, 2018), the two papers with the lowest cash value
estimates have ‘the highest credit value estimatesgéBagd Skeels, 2006; Cummings and Frino,
2008)? The range for the market value of cash is 0.73 t0'0.88.

Second, desptte variation across studies in the agstihvalue of imputation credits, there is little
variation in the implied value of a fully franked diuidk package. Suppose we assign the following
notation. Delta () is the estimated value of cash; theta (0) is the estimated value of an imputation credit;
and tao () is the corporate tax rate. At a corporate tax rate of 30 per cent, the implied value fafya
franked dividend can be computed as 8 + 0 x (1~ [1 —1]) =6+ 8 x (0.30 = [1 — 0.30])=06 + 6 x 0.43.

The range foran estimated value of a fully franked diddeackage across the four papers is just 1.02

The particular coefficient estimate of 0.35 frorhlea4, p. 20, is not the only information relied tomreach a
conclusion that the estimated value of credits35.But, for comparison purposes, we focus omtbst reliable
estimate of credit'value from all estimates repaiite each study. Results are updated using da&d16 by
Cannavan andGray. (2017).

6 The researchers reach a conclusion that if a @sitimate for the value of a distributed crediteiguired, then
it should be 0.45:based on an average value achiffesent robust regression models (pp-29). The figure of
0.45 is estimated.by.ignoring any movement in mgpkiees in estimating the expected change in spidce on
the ex-dividend date. This research paper is thesdindy fromthe list above that assumes thattpected stock
return on the-ex-dividend date is independent ahgfes in other share prices. We reported the dstinficd.34,
which is the gorresponding estimate to 0.45 forthkie of a distributed credit under the assumptitat the
expected stockreturn is equal to the market return

" Table 2, PanelByp. 400.

8 Table 3, Panel E, p. 189.

9 The remaining=paper by Minney (2010) has the nreaistimated value for credits of 0.40 and an esgicha
value for cash dividends of 0.73, the lowest caaluey estimate from the five papers. However, astioeed
previously, we'estimated the cash value from tigea®sion intercept and the average dividend y@lidHe All
Ordinaries Index over the sample period.

10 The specific point estimates for the estimatedieaf credits and cash are 0.57 and 0.80 (BeggsSaeells,
2006); 0.52 and 0.80 (Cummings and Frino, 200830 @nd 0.73 (Minney, 2010); 0.35 and 0.93, Cannavan
Costello, Gray, Hall and Tan (2013); and 0.34 ar@88 Mo, Gellard and Mero, 2013). With respecthe paper
by Minney (2010), we estimated the value of casiddnds on the following basis. The model used bgndy
(2010) implies that the cash value equals (tegression intercept + dividend yield). The desdl yield for the
sample is not reported, so we computed the avetade dividend yield on the All Ordinaries Index@vthe
sample period, which was equivalent to 1.85 pett @@na semi-annual basis. The estimated value dshc
dividends equals 4 (0.005 =+ 0.0185) =1 0.27 = 0.73.
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to 1.08!* The implication of this narrow range for the value ofllf franked dividend package is that
variation in the estimated value for imputation creditsffset by variation in the estimated value for
cash dividends.

2.2.Interpretation by regulators

Regulatorsshave a particular interest in the value pbtiation credits because this value forms
part of either’a regulated rate of return or an allowanctfon setting regulated pricésAt present,
estimates farithe'value of a distributed credit inclodés from the Economic Regulation Authority of
Western"Australia (ERA, 2013a, 20183b)and 0.35 from the Independent Pricing and Regyiator
Tribunal of New=South Wales (IPART, 2012

In other/jurisdictions (QueenslaidSouth Australid® Tasmania; and at the national lev&), the
regulator eithermakes an estimate of the proportionpaftation credits that are redeemed by investors
(the redemption rate) or sets regulated prices basexh @ayggregation of evidence relating to the
redemption rate_and the market value of crééiSq in jurisdictions other than WA or NSW, the
assumed market value of a distributed credit is natifge In the two jurisdictions for which we have
a specific estimate of the market value of a distribatedit, we have market value estimates relative
to face value of 0.45 (WA) and 0.35 (NSW). These markeevastimates lie within the range of point

estimates (0.34,10:,0.57) from the empirical studies refeoratove.

11 The computations are as follows: for Beggs andBkgR006), we have 0.80 + 0.57 x 0.43 = 1.04Clommings
and Frino[(2008);;we have 0.80 + 0.52 x 0.43 =;¥@2Cannavan, Costello, Gray, Hall and Tan (2048 have
0.93 + 0.35 x 0.43 = 1.05; and for Vo, Gellard amero (2013), we have 0.88 + 0.34 x 0.43 = 1.03.

12 Fora summary of one approach regulators usectmuanxt forimputation in setting the regulated revestream,
see Gray (2016).

13 The ERA considers that the value of a distribuiteplutation credit lies within a range of 0.35 t6®%(ERA,
2013a, para. 158;7p: 31). However, its best estirofthe value of a distributed credit is the mimpdigure of
this range (ERA, 2013b, appendix 30, para. 522p) 2

4p, 8.

15 The Queensland.Competition Authority (QCA) rel@s a redemption rate estimate of 0.56 as the ptimmor
of Australiantlisted shares owned by Australiaridest investors (QCA, 2014, sub-section 5.5, p. 2Bg QCA
does not rely on.a;market value estimate of impanat

16 The Essential Services Commission of South Auat(BSCOSA, 2012, sub-section 7.3, p. 49) statas tthe
parameter “theta™ (which it refers to as the utilisation rate) lies within a range of 0.35 to 0.81, in which the lower
bound is an estimate from a dividend drop-off stg@gstello, Gray, Hall and Tan, 2011) and the uggmernd is
an estimate from a redemption rate study (HandtelyMaheswaran, 2008).

17 The Officerofsthe Tasmanian Economic Regulator TR, 2012, sub-section 4.3.2.1, p. 58 and tabl@ 4.9
defines “gamma” ass“the proportion of imputation credits that can be utilised by shareholders” and uses an
estimate of gamma equal to 0.50.

18 The Australian Energy Regulator (AER, 2013) dissmss evidence of the market value of a distributesxdlic
and the redemptiomof credits in appendixH ands@ers both sources of evidence. In making estsnafehe
market risk premium from historical returns andarmmorating an adjustment to returns to accountftenefit
from imputation credits, the AER gives a weight of 0.70 to a distributed credit (i.e., “theta” in the computations
is set equal to 0.70; sub-section B.1.1, p. 27).tBa AER makes clear in its discussion in appeHdikat this is
not an estimate of the market value of a distridutedit.

19The ERA (2015) also sets regulated prices on #sashof an aggregation of evidence relating tagdemption
rate and the market value of credits, but has cotetlits own analysis on the specific issue ofrtiagket value
of a distributed credit.
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2.3.Reconciling the evidence

The first suite of empirical evidence mentioned abdnan the decisions of portfolio managers

and corporate managers, indicates that executivesniseage cash-flow benefits imputation credits

to Australian investors and this implies that the maarialue of imputation credits should be

substantially'less.than one. Consider the counterfactfiardinary share prices reflected the full value

of imputationsecredits then:

Portfolio-managers would have no reason to take ovemvpasitions in stocks paying franked
dividends(investors would be indifferent between buying a higheprishare to receive imputation
creditsor buying a low-priced share that did not distribute dsgdi

Companies would not have lowered their leverage faliguhe introduction of imputation, and we
would observe an inverse relationship between companies’ marginal tax rates and leverage; and
Companies would have no incentive to engage in ofketabuybacks(the value-maximising
strategy would be to increase the dividend on ordisagyes and then fund operations by regular
issues of new shares at the high price that reflectgatbe of credits

Further evidence consistent with share prices refleatigjue for imputation credits less thame

is presented by Siau, Sault and Warren (2015). If shamespnicorporate a positive value for imputatio

credits, we should expect stocks with higher impaatredit yields to trade on higher priceearnings

ratios. Yet, for portfolios with the same dividend yjdlte researchers do not find a relation between

imputation credit yield and the prite-earnings ratid® After controling for variables that proxy for

risk and growths(beta, market capitalisation, matkdiookratio and projected earnings growth), Siau

Sault and-Warren (2015) find a posttive relationshipvben imputation credit yield and earnings yield

(i.e., stocks with higher imputation yields trade @ndr priceto-earnings ratios)* Also, no evidence

suggests that stocks that distribute more imputatiedits, on average, have earned relatively lower

returns from dividends and capital gains since dividenpitation was introduced in 1987 (Lajbcygier

and Wheatley, 2012), although the large standard erroms fedurns-based evidence limits the

implications that can be drawn from this analysis.

20 Stocks inthe lowest quintile of imputation cregiiéld have an average imputation credit yield &ff@er cent
and an averagespride-earnings ratio of 14.4. Stocks in the highest tjeirof imputation credit yield have an
average imputation|credit yield of 2.3 per cent amdaverage prices-earnings ratio of 14.7 (Siau, Sault and
Warren, tabled;pp. 225).

21 Table 5, pp. 228:

22 A final study'to note is that of Jun and Parting{@014), who examine the ex-dividend trading oft&s trading
in Australia'and 'in the United States as Americap@sitory Receipts (ADRs). For a period, the ADRaléd
cum-dividend andthe Australian-listed shares tdagbedividend, so the price differences can be ueedtimate
the market value of the dividend and the associfiterking credits. Cash dividends are valued atiald6 cents
on the dollar, and imputation credits have no véable 4, panel B, fourth row). In contrast, wijest considering
Australian-listed shares in a dividend drop-offéytucash is worth about 92 cents in the dollar eredlits are
worth 25 per cent of face value (table 5, panelfial row). Thus, we have some evidence that th®. Ednd
Australian markets are not entirely integrated sdddnds are priced differently. The sample pei®ffom 1992
to 2009, so we do not include the paperin our aoepn of papers that exclusively focuses on trshaabate
period.
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Thus, the empirical evidence on the market valuepiitation credits boils down to the following
conflict. Share prices do not reflect the full valof imputation credits. This provides the inceritv
portfolio managers to take overweight positionstocks paying franked dividends, for conpanies to
have lower leverage than would occur in a classaasystenandfor companies to distribute credits
in off-market buybacks. Price-earnings ratios do not appear to bear any reladtém amountof
credits distributed. Yet, according to studiesetievidend prices and futures contract pricesanth
currenttaxregime, imputation credits have a niatgpositive value (point estimates across staflies
0.34 to 0:57)s

3. Joint estimation,of cash dividends and imputation credits

In this paper we make the point that a study on dkimation of imputation credit value necessarily
generates an estimate of the value of cash, and $tiates need to be taken into account in making
a practical inferenceHow to interpret cash value estimates within the raofge 73 to 0.88 depends
critically on the reason these values are less thanTdrere are three possibilties.

First, it could be the case that the estimated \@flwash dividends is independent of the value of
imputation credits.. This is the implicit interpretatiof the ERA and IPART. Those regulators interpret
the evidence on credit value (0.34 to 0.57) but itingeprices for regulated entities assume cash is
fully-valued.

Second; it could be the case that sampling error lEaéstimates for cash value and credit value
moving in.oppesite directions, relative to the truiwaf cash and credits. This is our conjecture.

A third possibility is that empirical analysis leadsa downward bias in the estimated value of cash
anda downward.bias in the estimated value of creditthidrsituation, something about the data or the
research method leads to both parameter estimatesubdigtated, and so both estimates need to be
“grossed-up’* to reflect the true values for cash and credits.?®

Thus, weshave the following research question. In reggesamples, do we expect the empirical
estimates far cash value and credit value to bepeddent (the first possibility), negatively corezia
(the second.pessibility) or positively correlated (thied possibility)?

This issue arises because we can never observe thepean imputation credit separate from the
price of a.dividend. As noted by Ainsworth, Partingama Warren (2016, p. A5The most substantive
problem relatessto the fact that dividends and imjomtatredits arrive together as a package. This
greatly hampers the abity of researchers to confideatyse out how imputation impacts prices
relative to otherdnfluences. It is known as the ‘allocation problem’ and refers to the identification issues
that arisefrom the need to disentangle two comporibatsare highly correlated with a problematic
distribution (most dividends are either fully franked or unfranked).”

In prior work this issue has been addressed as a adtin@ssue, given that we often have two

variables on the right hand side of an equation ttepesitively correlated (dividends and imputation

23 As an example of this interpretation, see AER $20ub-section H.6.4, tables H.9 and H.10, pp-17%).
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credits, given that the majority of dividends are fulynikad). But we document that even at generally-
accepted metrics for low correlation, there remains agaitimation issue.

Estimates of the value of imputation credits rely aratians to the following general equation.

Price ofja security that entitles the holder to a dividend = Price of a security that does not
entitle the holderto a dividend + § x Cash dividend + 6 x [Cash dividend x T + (1 - t) x Franking

percentage].

This general_equation means that there is positveelation between the two independent
variables At“correlations of high magnitude, noise in the datn dead to coefficients with
counterintuitive,signs and large standard errors. Saraatd approach amongst researchers is to decide
whether they €an sensibly interpret coefficients acogrtincutoffs related to three metrics: the
correlation itself,"the variance inflation factor, or adition index.

For instance, @a common interpretation of the condiidex of Belsley, Kuh and Welsch (1980) is
that a value betweemand 10 suggests weak dependencies between vaaables value betweedd
and 100 suggests a moderate to strong colinearitylepnobAs an example, Jun, Gallagher and
Partington (2011, p. 222¢ly on a condition index of 30 as a cutoff for interpretation, stating that “The
multicolinearity, problem was mitigated by dropping DIMY ypaying OUt Of the regressions which
reduced the condition index below 30.” The researchers go on to interpret the regression coefficients.

In other situatiens, researchers examine the standard emdrassociated confidence intervals and
assume that*collinearity is not an issue whkiamdard errors are sufficiently small. As an example,
Cummings and Frino (2008. 396) state th&tAlthough the variables Cashnd Frankingare also
highly colinear (correlation of 0.877), reasonably narromnfidence intervals for the parameter
estimates are obtained for the entire sample spanning four years.”

Using simulated data and bootstrapped empirical sisalye demonstrate that there is a material
inverse relationship between estimates for the valueash and the value of credits, even when
condition indices and correlations fall within gengrakcepted bounds. There is a joint estimation
issue even when there is only one independent \@rladtause there wil necessarily be an estimated
value for cash (either from comparison of fully franked versiisaoked dividends, or with reference
to an intercept). /The implication is that researcherd @gulators needs to be cautious about
interpreting variation in credit value estimates to &mdntal issues (lke tax changes, which we

discuss) when much variation in credit value estimatesven by random sample variation.

4. Smulation
4.1.Motivation

The purpose of the simulation analysis is to illustrtie potential variation in estimates of credit

value and cash value across different samples simplyodtandom variation. In our empirical analysis
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we perform repeated samples analysis to form confidetervats that take account of joint estimation

of credit value and cash value.
4.2.Independent observations

We illustrate the likely inverse relationship betweeadit value estimates and cash value estimates
using a simulatedepresentative dataset. For ease of exposition, thmapxds framed with reference
to a dividend“drop-off study. However, the conclusiopghaequally to a simultaneous pricing study,
because we domotincorporate any microstructure effestxmted with trading on the cum- and ex-
dividend dates. The parameter estimates assumed wirtlulation are consistent with our dividend
drop-off sample=in: terms of the proportion of franked, unfrarded partially franked dividends, the
dividend yield andthe noise in estimated share mtizages on the ex-dividend date.

There are 5,000 observations of a cum-dividend stock pmd an ex-dividend stock price. There
are 3,500 fully/franked dividends, 750 unfranked divideadd 750 partially franked dividentfsThe
partially franked dividends have franking from 0.13 pert ¢@®9.87 per cent in equal increments. The
cum-dividend price for all stocks is $1.0000, and thigparate tax ratér) is 30 per cent.

The dividend amount and the ex-dividend price are ralydgeneratedy the following process
the dividend.is drawn from a normal distribution withaneof $0.0200 and standard deviation of
$0.0050, but.the Jower bound is constrained at $6.802his is equivalent to an annual dividend yield
of 0.5 per cent for the lowest yield stock, assumingi-senual dividend payments.

The ex-dividend price is formed after assuming the masdaes of cash dividends and imputation
credits. The mean, reduction in share price on the ddedu date is computed as cash dividend value
(0) x dividend. +.imputation credit value (0) % imputation credit + noise (¢). The noise component of the
price change is drawn from a normal distribution with mef0 and standard deviation of $002°
The random draw of the dividend amount and ex-dividente can be expressdy the following

equation in whiehy; and n, are random draws from a normal distribution.

Cum dividend.price — Ex dividend price
= Value of cash dividend x Cash dividend + Value of credit X Credit + Noise

= & x [Max($0.0200 + 1; x $0.0050), $0.0025] + 6 x [Max($0.0200 + 1, x

0.30
1-0.30

$0.0050), $0:0025] x X % Franked + $0.0200 X n,.

241n our exdividend sample of 12,975 observatighs, distribution of franking attached to dividenids75 per
fully franked, 10 per cent partially franked and {@ér cent unfranked. In our derivatives sample2923,
observations have an ex-dividend date prior toettpdration of the derivative and the franking ctedistribution

is 73 per cent franked, 15 per cent partially feshiand 12 per cent unfranked.

25 In our ex-dividend sample the dividend yield hasaaerage of 2.40 per cent and standard deviafia29 per
cent. In our derivatives sample the observatiorth ex-dividend dates prior to the expiration of tharivative
have dividend yield with an average of 1.76 pernt@m standard deviation of 0.92 per cent.

26 In our ex-dividend sample regressions the standaxdation of residuals is 2.41 per cent. In ounivdgives

sample regressions the standard deviation of ratsidsi 0.46 per cent.
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We compile 1,000 samples of ex-dividend prices, castiedds and imputation credits and then
perform an ordinary least squares (OLS) regression on eaxqdesdoing so allows us to generate a
distribution of coefficients which are estimates of thlie of cash dividend$) and imputation credits
(6). In the fellowing regression equation, the subsérippresents ex-dividend event i, and, in our first
ilustration, all"ebservations are independent.

Cum div pricej—Exdiv.price; & _ Cashdividend; , s _ Cashdividend; _ 0.30

=a+ 06X

Cum diviprice;j Cum div pricej Cumdivprice; 1-0.3

5 X % Franked; + ¢;.

We present the distribution of parameter estimates fasa @ which the true value for cash
dividends §) is 1.00, and the true value for imputatiaedits (0) is 0.20. Figure 2 illustrates the joint
distribution of 1,000 regression estimates for the vaefusash and the value of imputation credits. The
two parameter-estimates are inversely related.

m When a;sample of data leads to a high estimate foraie of cash (i.ed is greater than 1.00),
the averagé™estimate for the value of imputation cré@ltss below the true value of 0.20 (on
average@is0:19.

m  When a sample of data leads to an estimate for tie whlcash less than or equal to 1.00, the
average estimated value for credits is 0.22.

The relationship between the estimated value for sraditl the estimated value for cash can be
given by the_eguation Credit value estimate = 6. 151x Cash value estimate. The correlation
between the coefficient estimates on dividend yiad immputation credit yield from repeated samples
is —0.38. On average, the correlation between the indepemdriables is 0.44, the variance inflation
factor is 1.2"and'the condition index is 10.

In Table'1 we summarise the distribution of parametémat&s. In 95 per cent of outcomes, the
estimated valuerfor credits lies within the range off @00.36, the estimated value for cash lies within
the range of 0.88 to 1.12 and the estimated value follyafranked dividend package lies within the
range of '0.97 to 202’ The implication is that a sample of data could fe\agienerate an estimated
value for credits as low as 0.04 or as high as 0.3&ntlue to noise in the underlying data. But high
estimates for credit value wil be associated with éstimates for cash value. The inverse relationship
between estimated credit value and cash value oemans though the typical metrics used to test
colinearity=are below acceptable commonly-acceptegktiolds.

In this firstiillustration, sample observations are irdefent so the standard errors from OLS
regression are unbiased. The standard deviation of pena@stimates represents the true standard error

of the coefficient estimates. For the case in whicloladervations are independent, the standard

27 The value of a fully franked dividend packageadsnputed as estimated cash value plus the estineaéeiit
value times 0.30 + (% 0.30.
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deviation of coefficient estimates (0.12) is equal ® derage standard error from the regressions
(0.12).

4.3.Dependence across firms

Now suppose we introduce dependence across firms.figaaiow contributes five observations
to a dataset.thatsstil has 5,000 observations,sbave 1,000 firms x 5 observations per firm. There
remains one‘ex-dividend event for each pair of cum- ardivelend prices. We assume that some
firms consistentlywpay high dividends and some firmsisistently pay low dividends and this
characteristic is persistent. Thus, we assume thatfeachas the same randomly generated dividend
yield for all fivesobservations, and each firm’s dividend has the same franking percentage for all five
dividends.

Then we introduce a firm-specific componemthe error term. Recall that noise in the ex-dividend
price was normally distributed with meahzero and standard deviation of $0.0200. Now, we tglit
noise in the_ex-dividend price into two componeritsequal magnitude. There is a firm-specific
component of noise with mean of zero and standardtaewviaf $0.0141, and a random component of
noise with mean of zero and standard deviation of 8Q.0Ihe firm-specific component of noise and
the random component of noise are uncorrelated. Thi;sniat the total noise in the ex-dividend
price remains,the.same as that in the independeassetastandard deviation of $0.0200), but there is
persistence in the mispricing of five dividend eventdtie same firm.

The second.row of data in Table 1 presents summaigtistator a simulation that accounts for
dependence across firms. The standard deviation ofitiaengter estimates has increased to 0.11 for
the valuerof cash, 0.15 for the value of imputation itseand 0.10 for the value of a fully franked
dividend. We can now see divergence between the gvestandard error from an OLS regression and
the standard deviation of coefficient estimates from repesamples. With respect to the estimated
value of creditsmthe true standard errors are 70 per beme dhe standard errors impled by OLS
regression.

With dependence in errors across firms, we also obsestrger inverse relationship between
the estimated value for cash dividends and the @stimalue for imputation credits (Figure 3). The
relationship.between the two parameter estimateswssmonmarised by the equation Credit value
estimate = 0:79:0:59 x Cash value estimate. For samples in whichgtimated value for cash s less
than the true,value of 1, on average, the estimatied ¥ar credits is 0.26; and for samples in which
the estimated.value for cash is more than the true i, on average, the estimated value for credits
is 0.15.

4.4.Dependence across firms and events

Finally, consider dependence in errors associatedeath ex-dividend event. Suppose the sample
of 5,000 observations comprises 200 stocks, each stadsociated with five ex-dividend events and

five trades are associated with each event. (Recalithiet we use the terffex-dividend everit the
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can be generalised to the case in which there aréréides per event, as in our derivatives sample in
which we could observe multiple simultaneous trades derivative and an ordinary share for a stock
with the same upcoming dividend. The simultanecadirig of a derivative and share price is analogous
to the cum- and ex-dividend stock prices.). The taieihg error is equally allocated to a firm-specific
component,;an event component and a random compdienérror components are uncorrelated, and
each component of error has a standard deviation ol #®.(50, on average, the total standard
deviation of‘errors remains $0.0200.

With increased dependence in error terms across obsesvai® see a further material increase in
the true standard errors from repeated samples. The staledéatibn of the parameter estimates has
increased t@70.20,for the value of cash, 0.27 for theevall imputation credits and 0.18 for the value
of a fuly franked.dividend package. This means thatrilre standard errors are three times what would
be computed under the assumption of independenagreHyillustrates the increased dispersion of
parameter estimates as dependence increases and rifiorg@se in the inverse relationship between
the estimates for cash and imputation credit values: the equation is Credit value estimate = 6.82

0.62 x Cash value estimate.
4.5.Sensitivity analysis

The implications of our simulation analysis are theyeamn inverse relationship between the
estimated value for cash dividends and credits; thisrse relationship increases with reduced
independence.of ebservations; and a lack of indepeadamongst observations markedly increases
the true standard.error.

These'issues.remain even if we run the regression®omittone variable on the right-hand side.
Suppose the dependent variable is computed as theoffreatio (change in share price, scaled by
dividend), the_independent variable takes on a valuene for fully franked dividends and zero for
unfranked dividends, and we remove partially frankedlelwils. In this specification the intercept is
the estimated value for cash and the coefficient orntlependent variable represents the increased
value associated=with franking [the value of an immratredi is the coefficient on the franked
dividend dummyx 0.3 + (1- 0.30)]. For independent observations, the standarataed across
coefficient_€stimates are 0.04 for cash, 0.11 for creditt @02 for a fuly franked dividend.
Importantly,thesrelationship between estimated valaesash and credits can be expressed as Credit
value estimate.=40.470.43 x Cash value estimate. and the correlation letie estimated value for
cash and credits is0.92. This is equivalent to comparing average drop-ofégdor franked and
unfranked-dividends, so splitting the sample into d#ffeé pools does not solve the joint estimation
issue. In short, the inverse relationship between coreldie estimates and cash value estimates occurs
because credits are attached to dividends and damaoldressed merely by consideration of correlation

between two independent variables.
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Our simulation analysis is designed to be broadly sgm&tive of an ex-dividend pricing study
(5,000 observations; dividend yield = 2 per cent; @0gent fully franked, 15 per cent partially franked,
15 per cent unfranked; aggregate noise with standaialtidawof 2 per cent). The simulation in which
there was 1,000 firms and five events per firm is ana®ogown ex-dividend sample (one trade per
firm per ex-dividend event); and the simulation in wlileére was 200 firms, five events per firm and
five trades perevent is analogous to a derivative pleain which there can be multiple trades per firm
per event). The simulation analysis is designed libdample size constant and total noise constant as
independence, decreases.

However, it is worthwhile documenting what happensgdf calibrate the simulation to our specific
samples. Inour ex-dividend sample we have 961 firmsla/@¥5 observations (Bkdividend events
per firm) withvaverage dividend yield of 2.40 per cetapdard deviation of dividend yield of 1.29 per
cent, and asstandard error from our regressions of 2.41 perWwe have 75 per cent fully franked
dividends, 10'per-cent partially franked dividends #nger cent unfranked dividends. If we use these
assumptions in the simulation (breaking down theent@sm into two uncorrelated parts of 1.70 per
cent) we have the following results. The standard ean@ 906 for cash value, 0.13 for credit value
and 005 for (the value of a fully franked dividend. The relatiagpdietween credit value estimates and
cash value estimates is Credit value estimate =-11586x% Cash value estimate and the correlation
between cash value estimates and credit value ¢ssraaross samples-i8.69

In our derivatives sample we have 117 firms, 1,268 firrdieidend event combinations and
23,939 observations in which there is an ex-divideveheprior to the expiration of the dividend (11
events perfirm and 18 trades per firm per event). The awed®iglend yield is 1.76 per cent, the
standard deviation of dividend yield is 0.92 per cant] the standard deviation of residuals from our
regressionsyis 0.46 per cent. We have 73 per cent fradidends, 15 per cent partially franked
dividends and 12 per cent unfranked dividends. If wethisge assumptions in the simulation (breaking
down the naise term into three uncorrelated parts of @@2@ent) we have the following results. The
standard errors are 0.03 for cash value, 0.08 for credé aaid 0.02 for the value of a fully franked
dividend packageThe relationship between credit value estimates astl value estimates is Credit
value estimate = 1.901.70x Cash value estimate and the correlation between ehshestimates
and credit value estimates-6.77.

5. Empirical method
5.1.Regressionmodel

We perfarm analysis on two datasets: prices of individbare futures (ISFs) and low exercise
price options (LEPOSs) (the derivatives dataset), andvadedd share prices (the ex-dividend dataset).
The regression model we use on both datasets & gathne format. The dependent variable is a measure
of the percentage difference in the prices of two secuitie the derivatives dataset it is the percentage
difference in the ordinary share prices and the derivatiee; for the ex-dividend dataset it is the
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percentage difference in cum- and ex-dividend prices. ilittependent variables are dividend yield,
and franking credit yield in three tax regimes (frankinglitngeld interacted with an indicator variable

for each regime). The coefficient on the dividend yeldm estimate of the value of cash dividends;
and the coefficients on the franking credit yields atenases of the value of credits in each tax regime.

From Cannavan, Finn and Gray (2004), we rely on the ttieadreslationship between stock prices,
and the prices.of ISFs and LEPOs. We have one se(shdyes) that entitles the holder to the next
dividend payment: and another security (ISFs or LEPOSg)dbas not. In the absence of timing
differences relating to cash flows associated with eser@nd the dividend payment, the difference in
security prices should reflect the market value of thehcdividend and imputation credits.
Incorporating’present value adjustments, we have toreship between two security prices described
in the paragraphs below.

Cannavan,/Finn and Gray (2004) test the accuracy ofoi®fecarry no-arbitrage pricing model
in the absence of dividends. To do this, they formtasample of all observations for which there is
no dividend event between the trade date and tharityadf the contract. In the absence of dividends
and transaction costs, we have the following reldtiprisetween the price of an ISF or LEPO on day
t, with expiry on day T f(zT)], the stock price at time tS{z)], the exercise priceX] and the
continuously compounded risk-free rate over the period franT [r:7]. The exercise price is $0 for
ISFs and $0.01 for LEPOs.

F@T) = S@ernr -0 - X

Cannavan, Finn and Gray (2004) then define the relatieeagerror on day tRPE(t)] as the

difference hetween each side of the above equatidegsoathe stock price.

S@ et ™0 _x _ F(¢,T)

RPE(t) = O]

In examining“the sub-sample of stocks that did notehaw ex-dividend event prior to expiry,
Cannavan, Finn"and Gray (2004) were able to show dmagverage, the relative pricing error is
approximately zere with low dispersion. For non-divid@aging observations, the zero mean relative
pricing error suggests an absence of mispricing betwek prices and derivative prices. This
provides a.basis for estimating the market value oflehds based on stocks that do have an ex-
dividend eventprior to expiry. Our conjecture is tlme telative pricing error can be explained by the
market value of expected dividends and the markeé aflimputation credits. This is the basis for the
following equation in whichr 7 is the risk-free rate associated with the period frometkelividend
date [s] to the expiration date [TR(s) is a dividend with ex-dividend date< 7, and/C(s) is the
imputation credit associated with the dividend, cat@p asD(s) X -+ (1 - ©) X % Franked. The

This article is protected by copyright. All rights reserved



Sampling error and the joint estimation of impudatcredit value and cash dividend value

intercept [a] represents an equilibrium transaction cost differential, which we expect to be
approximately O given the prior evidence of a zero nmelative pricing error for non-dividend-paying
stocks.

D(s)emsr(T=9 1C(s)

RPE(t) =a+6 30 +0 R0)

The regression version of this equation is given belbie subscript i refers to the underlying
stock; the subscript | refers to the ISF or LEPO (therebeamore than one derivative contract traded
on the same stock at the same time with differentatign dates); and the subscript k refers to a pair
of matched prices between the derivative and the yimdgdtock (there can be more than one pair of
matched prices per day). Our objective is to explanrétative pricing error of trade k on contract |
relating to the underlying stock i as a linear contimnaof the cash dividend and imputation credits
associated with the underlying stock. Our sampleides observations in which there is either zero or

one ex-dividend“event prior to the expiry of the derwati

D, (s)emsr(T=s) élCi(s)
550 'S0

The equation. above is appropriate for estimating thgevef imputation credits in one regime.
Consistentswithsthe analysis in Cannavan, Finn ang &@04) and Beggs and Skeels (2006), we
consider estimates of the value of imputation creditess multiple taxation regimes. The three tax
regimes we-consider are the pt&-day regime, the pogts-day/pre-rebate regime and the cashrebate
regime. The prets-dayregime (prior to 1 July 1999) is prior to the introductainthe 45-day rule
which requires_investors to hold shares at risk for 4% dayorder to receive the tax benefits of
imputation. hepost45-day/pre-rebate regime (1 July 1999 to 30 June 200@hes the 45-day rule
was in effect but/prior to the introduction of the cadtate. The cash rebate regime (1 July 2000)
onwards is whenrinvestors could receive a cash rebategatation credits if credits exceeded the
mvestor’s tax liability.

Fromthesfirst to the second regime, we expect a @eilithe value of imputation credits, and,
from the second to third regime, we expect an increas® ivalue of imputation credits. We have no
prior expectation-about whether imputation credits aveeror less valuable in a comparison of the first
and third regimes.

Our regression model allows for variation in the estratalue of imputation credits over time
and is specified below. Heré,, refers to the estimated value of imputation creditegime m for m

=1, 2 or 3, andkegime, takes on the value of 1 if the paired trade occurggmeem and 0 otherwise.
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D;(s)es T 1c,(s)

RPE;.,. (t) =&+ 6 +6 Regi + &5 (t
l}k() 0) n S egime,, SUk()

The structure for the regression equation in the exestiddataset is the same as that for the
derivatives dataset. In the regression equation bedQWwsiw Sexasivv D @ndIC refer to cum- and ex-

dividend prices, dividends and imputation creditoaissed with stock i and dividend j.

=&+ 8§ ——+ 0, ——Regime,, +¢;

m
Scumdiv,ij Scumdiv,ij

cumdiv,ij — Sexdiv,ij

S

cumdiv,ij

In this regression specification, the estimated vdlaash is held constant across the regimes. We
do this as the changes to the tax laws we considesaely concerned with imputation credits, and as
such, we have reason to consider they may impaoctathe of credits. Further, as we have shown,
random variation.in ex-dividend prices (analogous twatve prices in our dataset) leads to estimation
error in values for'cash and imputation credits in oppaliections. Varying both parameter estimates
across regimes.magnifies the impact of noise on timaatet value of credits.

In this regression specification, the estimated vaflusash is held constant across the reginties.
the estimate,ef.ecash value varies across regimesftbernefficient estimates are unduly affected. As
demonstrated earlier, random variation in ex-dividerzepr{analogous to futures prices in our dataset)
leads to estimation error in values for cash and impaotatedits in opposite directions. Varying both
parameter estimates across regimes magnifies the iofpaaise on the estimated value of imputation
credits.

5.2.Statistical significance

Our observations are not independent. We have mutgmes on the same day relating to the same
underlying stock that are priced by the same dividequctation.

In statistical=tests, the technique used to acctmntependence needs to corresponds to the
dependence problem in the dataset. Petersen (20885)pdocumented that researchers use a variety
of techniques to account for dependence amongst observations and notes that “the chosen method is
often incorrect and the literature provides little gumato researchers as to which method should be
used” Petersen’s research implies that significance tests need to correctly account for the source of
dependence amongst observations. In our datasetfigpladependence in error terms arises from the
same ex-dividend event being associated with nauliipides and with the same firm being associated
with multiple “ex=dividend events.

For this reason we construct confidence intervals @singptstrap approach. For our two samples,
we run 1,000 regressions from samples constructed byteepsampling withreplacement from our
data. We report standard errors (computed as the staméatioth of coefficient estimates) and 95 per

cent confidence intervals from the coefficient estimaigess 1,000 regressions.
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We account for the dependence of observations in timpiletion of data in the repeated samples.
For the derivatives dataset we have 1,268 combisatibanderlying stock anex-dividend date. So,
we randomly select 1,268 combinations of underlyimglsiand ex-dividend date, with replacement.
This is equivalent to computing standard errors cludtdme firm and ex-dividend event. But the
advantage of the jbootstrap approach is that we caordgmrate how the estimates of cash dividends
and imputation.credits vary with random changes inpf&momposition. For the ex-dividend dataset
we have 961 underlying stocks. So each bootstraplsamplives a random selection of 961, with
replacement;of.all the observations for each underimck. This is equivalent to computing standard
errors clustered by fin.

An alterpative,approach to using clustered standard dsrdoscompute averages across stocks
(Armitage, Hedgkinson and Partington, 2006). We dotaké this approach because it results in a
relatively small’dataset for statistical tests, angegidisproportionate weight to stocks that trade
infrequently?®
6. Data

Our derivatives sample consists of 73,076 observafiions the 22-year period from 16 May 1994
to 27 October 2016. We began with 75,502 observatbngich 2,426 outliers were excludé€dEach
observation comprises a match of a derivative tradeaasithck trade. Table 2, Panel A, presents
descriptive Statistics. There are ZZ8 observations with ex-dividend dates prior to the etpireof
the derivative.(32.per cent of the sample). Within shib-sample, 73 per cent of observations are
associated with*fully franked dividends, 15 per cemsfervations are associated with partially franked
dividendsrand. 12 per cent of observations are asswaigtie unfranked dividends. The derivatives
dataset comprises 117 unique stocks (Table 3, Raneith the top 20 stocks contributing 84 per cent
of observations. The derivatives dataset was obt&ioadSIRCA.

The dividend,drop-off sample comprises 12,975 obsengafimm 19 January 1994 to 3 August
2021 (Table'2, Panel B). We began with 13,913 observatibmehich 414 outliers were excluded and
524 observations:were excluded because they had extrigmor low dividend yields (262 dividend
yields > 10 per cent and 262 dividend yields < ®3&2 cent). The ex-dividend dataset comprises 961
unique stocks. (Table 3, Panel B), with the top 20 stamdntributing 8 per cent of observations. The
ex-dividend dataset was obtained from Refinitiv.

28 Armitage, Hodgkinson and Partington (2006, Tahlp.233) use a set of 3,803 matched trades amign3
issues. Eachsfights issue contributes an avera§e wades. But 10 rights issues are associatddjugt 1to 5
trades, forastotal of 30 trades (Armitage, Hodgkin and Partington, 2006, pp42-243). This represents 0.79
per cent of all trades, in the sample. So applymgat weight to each rights issue means that leas thper cent
of trades are associated with 14 per cent of treepkations used in statistical tests.

29 In compiling both datasets we run our regressimuehto identify outliers, given that a small numiod
influential observations can lead to spurious iafiees, typically when there are large stock prianges on ex-
dividend days. For each of the five regression figiefits, we removed the 0.5 per cent of observatiohich
had the largest positive or negative influencelom doefficient estimate, measured by how much defficient
would change if the observation was removed. Tés&ulted in the exclusion of 414 observations fram éx-
dividend sample (3.1 per cent) and the exclusio®, 46 observations from the derivatives sampRd8r cent).
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In Table 4, we present descriptive statistics for theesegpn variables. With respect to the
derivatives sample, for observations without an ekl@ivd event prior to the expiration date for the
derivative, the average relative pricing error is 0.04gesit and remains close to zero across all three
tax regimes. For observations with an ex-dividend epeot to the expiration date for the derivative,
the average relative pricing error is 1.72 per cent, theage dividend yield is 1.76 per cent and the
average imputation credi yield is 0.67 per cent. derages provide prima facie evidence that a fuly
franked dividend package is not fully valued by trerket. If the market placed full value on a fully
franked dividend.package, the average relative priciray @ould 2.44 per cent. Athough the average
relative pricing error is close to zero for observationeauit an associated dividend, the relative pricing
error variesgacross the sample. Across all observatid®utvan associated dividend, the standard
deviation of the relative pricing error is39.per cent, and the standard deviation of the relatieihg
error is highést'in'the podt-day/pre-rebate regime a6Q.per cent.

With respect'to the ex-dividend sample, the averagdedd yield is 2.40 per cent, the average
imputation credit yield is 0.85 per cent and the ayerehange in price on the ex-dividend date is 2.05
per cent. Again, there is prima facie evidence thaptekage of a fuly franked dividers not fully
valued. If it was, the average ex-dividend price chamgeld be 3.24 per cent.

There is also prima facie evidence from both sampléshbashare market places at least some
positive value on imputation credits. Compare the aeeralative pricing error to the dividend yield
for stocks paying unfranked dividends, partially frankealends and fuly franked dividends. On
average, forsstocks paying unfranked dividends, the ggeRPE is 94 per cent of the dividend yield
(1.03 per_cent relative to 1.10 per cent). This raticeimses to 97 per cent for stocks paying partially
franked dividends and to 98 per cent for stocks payitygffanked dividends. With respect to the ex-
dividend sample, the corresponding ratios are 0.76,4n8 0.88.

To make this inference more robust we ran a simple regme$fkRPE or ex-dividend price changes
on dividend| yield interacted with dummy variables faclke of the three tax regimes. We ran the
regression separately for observations in which theediidsl were unfranked, partially franked or fully
franked. Coefficient estimates and standard errors are peederfable 5. For the derivatives sample,
standard errors are clustered by firm and ex-dividend Batehe ex-dividend sample, standard errors
are clustered by firm.

The regression shows that, for both samples, the ceetfion dividend yield is higher for fully
franked dividendss compared to unfranked dividends, with result being consistent across tax
regimes. The regression also shows that, for observatitimsinfranked dividends and fuly franked
dividends, coefficients decrease from the pre-rebate eetgirthe pos#t5-day/pre-rebate and then
increase again as we progress to the cash rebate regime

These simple regressions could be used to infer the @himputation credits. For example, in the
cash rebate regime, the coefficient on dividend y&idhe unfranked dividend is 0.90 compared to

0.95 for a fully franked dividend. The difference in coedfiti estimates of 0.05 implies that an
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imputation credit is worth 13 cents in the dollar (0:08.3 / (1- 0.30) = 0.13). For the ex-dividend
sample the implied value of a credit in the cash eelegime is 0.46 (from a difference in coefficient
edimates of 0.20). But despite there being no correlaaeidbles we still have a joint estimation issue.
Any noise in the data that leads to an increase (@edse) in the estimated value of cash necessarily
leads to a decrease (or increase) in the estimatedafatredits. It is also challenging to make an
inference about,the impact of the cash rebate tax f@mge from the preliminary regressions. The
coefficient on_dividend yield for franked dividends incsed (0.87 to 0.97 in the derivatives sample
and 0.84,t0,0.97,in the ex-dividend sample), but ¢befficient on dividend yield for unfranked
dividends also increased (from 0.84 to 0.90 in the atvés sample and 0.56 to 0.77 in the ex-dividend
sample).

In short,"weshave preliminary evidence that dividendb imputation credits attached are mor
valuable than dividends without imputation credittaghed. To estimate the value of credits and

confidence intervals across tax regimes we turn to thigvaniate analysis.
7. Results
7.1.Derivatives.sample results

We begin. with point estimates for the derivatives darfipable 6, Panel A). The estimated value
of cash dividendsris 0.91 of face value. The estimaddiee for imputation credits (as a proportion of
face value) 1s,0.16 in the peb-dayregime, 0.09in the posé45-day/pre-rebate regime and.0in the
cash rebaterregime. The directional change in thmaget value of imputation credits is consistent
with changes in.the tax law. Credits decrease in vakle the introduction of the 45-day rule and
increase inwvalueswhen the cash rebate is introdWedalso present estimates of the value of a fully
franked dividend: 0.97 in the pes-day regime, 0.87 in the pod4b-day/pre-rebate regime and 0.95 in
the cash rebate regime.

Recall that"we compile 1,000 randomly-generated sarplé68 firm/ex-dividend combinations
by re-sampling with replacement. The 3,000 points shiowFigure 5, Panel A represent the estimates
of cash valuemandimputation credit value acrosshifgettax regimes. This ilustrates the impaet th
random variatien,across samples has on joint paranseaées: Samples with low estimated values
for cash had-high'estimated values for imputation tsdtlishould also be noted that the regression had
a condiion index'of 3.4 and a variance inflation facfo2.5, which prior research considers indicative
of acceptableslevels of colinearity between variables.

The standard errors shown in Table 6 are the standaitiales of each parameter estimate; and
the 95 per ¢ent confidence intervals represent theaeriid parameter estimates for each coefficient.
We verified that the standard errors reported in Table tharsame as generated by an assumption that
standard errors are clustered by firm/ex-dividend event.elrapipendix (Table 7) we present results
from a bootstrap analysis in which we randomly seledividual observations with replacement. The
results from the independence assumption are the sagenarated by a typical OLS regression with
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an assumption that observations are independent. pde tee results in Table 7 to demonstrate that
standard errors are likely to be understated, and thersfatistical significance overstated, if an
independence assumption is made when it is nat. vali

For the derivatives sample, the 95 per cent confidéneevals for the value of imputation credits
are 0.06 to @5in the pre45-dayregime, 0.18to -0.02 in the posAb-day/pre-rebate regime an@0.
to 020 in the_cash rebate regime. Table 6 also shows atdedrors and confidence intervals for a
fuly franked,dividend. The table shows that the pgekaalue of a fully franked dividend can be
estimated,with,more precision than the individual ponents of cash value and imputation crediti@al
(the standard errors are 25 per cent to 35 per cent ofahdasd errors associated with imputation
credits). A fully franked dividend package has an eséichgalue of 0.94 to 1.00 of the cash dividend
face value intheprd5-dayregime, 0.84 to 0.88 in the po%b-day/pre-rebate regime and 0.93 to 0.97
in the cashebate regime.

This narrower range for the value of a fully franked dividendkpge constrains the implied value
for imputation credits. For example, in the cash relvaggme, while the value of imputation credits
could be as high asZl), and cash value could be as high as 0.94, themoédis inconsistent with
credits being worth @0 andcash being worth 0.94. Under these two assumptiensaiue of a fully
franked dividend package would be 1.03 of the castedid face valu®, which is above the 95 per
cent confidence interval of 0.93 to 0.97 already detexchiBy the same analogy the data is inconsistent
with imputation credits being worth@L andcash being worth 87. These joint estimates of the value
of credits andwcash would imply a fully franked dividggatkage is worth 0.88 which lies below the
establishedsdower bound of the confidence interval fiolya franked dividend.

To interpret the value of imputation credits and castily, we compile the suite of parameter
estimates that are consistent with the confideneeviak for fully franked dividends in each tax regime,
and which also lie within the confidence intervalsifigqoutation credit value and cash value (Figure 5
solid lines). The numbers at the bottom of the chd¥igre 5, Panel A, provide more detail for specific
assumptions related to the value of cash dividends.blue sectiofabelled “Regime 3” in Figure 5
refers to the cash rebate regime and has the followpiigations.

m At the lower bound estimate for the value of cas@0the estimated value for imputation credits

is 01310 020.

— The lower/bound (@3) is constrained by the lower bound of the confidentaval for the

value of asfully franked dividend (0.93), as 0.87 ¥30x 0.30 + (1- 0.30) =0.87 + 0.05 = 0.93.

— The_upper bound (RO) is constrained by the upper bound of the confiderteevial for the

value of an imputation credi0 0.

300.943 +0.197 x 0.30 + (2 0.30) = 0.943 + 0.084 = 1.027.
310.874 +0.006 x 0.30 + (2 0.30) = 0.874 + 0.003 =&¥6.
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m At the coefficient estimate for the value of cash (0.B&)dstimated value for imputation credits is
0.05 to 0.16.
— The lower bound (0.05) is constrained by the lower bafinlde confidence interval for a fully
franked dividend (0.93), as 0.91 + 0.05 x 0.30 = (130) = 0.91 + 0.02 = 0.93.

— Themuppenbound (06) is constrained by the upper bound of the confiderieevial for a fully
frankedsdividend (0.97), as 0.91 + 0.16 x 0.30 = (30) = 0.91 + 0.07 = 0.97.

m At the upper bound estimate for the value of cash (Qt#4gstimated value for imputation credits

is 00%:t0:0:07:

— The Jlewer _bound (01) is constrained by the lower bound of the confidenterval for an
imputationycredit (0.01

— The upper bound (0.07) is constrained by the upper bfuunthe value of a fully franked
dividend (0.97), as 94 + 0.07 x 0.30 + (+ 0.30) = 0.94 + 0.03 = 0.97

The figure shows a wider range of plausible values foutaipn credits in the pré5-day regime,
and in the pos#t5-day/pre-rebate regime. This can be attributed tortiadler sample sizes in these
regimes. The full range of imputation credit valueshé pre45-day regime is -0.04 to 0.30, and the
full range ofimputation credit values in the pdstday/pre-rebate regime is -0.28 to 0.06. Again, these
ranges cannot be used independently of an estimalesl for cash dividends. Assuming cash is worth
88 cents in the dollar, imputation credit value wasl to 0.30 in the préd5-day regime, which
decreases.to -0.14 to 0.06 in the pdsday/pre-rebate regime. Assuming cash is worth 98 aethts
dollar, imputation.credit value was -0.04 to 0.1éhi pre45-day regime, which decreases @28 to
-0.08 in the"posé5-day/pre-rebate regime.

Comparing results across tax regimes, it is likely ¢hainges in the tax law positively affected the
value of imputation credits. A fuly franked dividenddhan estimated value of 0.94 to 1.00 in the pre-
45-day regime, which decreased to 0.84 to 0.88 in the pbstay/pre-rebate regime and which
increased again t0 0.93 to 0.97 in the cash relbagene. Of particular interest is the value of credits
in the cash rebate regime, which take on a valueOdf @ 0.20. But, importantly, the conclusion that
credits are worth 20 cents in the dollar can only behea if we also conclude that cash is worth no
more than 89 cents in the dollar (consistent withupper bound package value of 0.97); and the
conclusion that,credits are worth 1 cent in the dobar only be reached if we conclude that cash is
worth at least 93 cents in the dollar (consisterth Wi lower bound package value of 0.93).

7.2.Ex-dividendsample results

For the“ex-dividend sample, the coefficient estimatecésh value is 0.80, and the coefficient
estimates for credit value are 0.12 for in the pbedayregime, 0.04 in the podgts-day/pre-rebate
regime and 0.34 in the cash rebate regime (Tablar&I®B). The estimated value of a fully franked
dividend package (expressed as a proportion of theddaddind face value) is 0.85 in the p4&-day
regime, 0.82 in the pogts-day/pre-rebate regime and 0.94 in the cash rebatmeedis with the
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derivatives sample, credit value decreases with thedirction of the 45-day rule and increases with
the introduction of the cash rebate.

Our bootstrap analysis of ex-dividend day price chaisgiEsmed by randomly selecting from 961
firms with replacement to create 1,000 randomly-genersdetples. Observations of ex-dividend day
price changes are not independent because firms hasist@et characteristics like liquidity, investor
base, index membership and analyst coverage. 95 peoifceamples have observations within the
range of 12,185 to 13,817. The scatter plots shovwAaimel B of Figure 5 have more dispersion than
those from the,derivatives sample. This is due to grafidpersion in the underlying data (for example,
the standard deviation of relative pricing error for divitigaying stocks in the derivatives sample is
1.04 per cent compared to the standard deviation oiviedlend price changes of 2.69 per cent); and
because there.are fewer observations in the ex-divemgle versus the derivatives sample (12,975
versus 73,076 As with the derivatives sample, there is an inversioaship between the estimated
values for cash and the estimated values for credisrddression generated a condition index of 6.3
and a variance inflation factor of 2.3. The standard estuvg/n in Table 6, Panel B, computed as the
standard deviations of coefficient estimates across leapge equivalent to standard errors clustered
by firm.

For theex-dividend sample, the 95 per cent confidence interfealthe value of imputation credits
are -0.01t00.25 inthe pebs-dayregime, -0.12 to 0.20 in the poss-day/pre-rebate regime an@8.
to 046in the cash rebate regime. A fuly franked dividend pgekhas an estimated value of ®to
0.92 of the face,value of the cash dividend in the4&elayregime, 075to 0.89 in the postb-day/pre-
rebate regime and& to 1.00 in the cash rebate regime.

Based upon the estimates reported at the bottom ot in Figure 5 we can make inferences
about the value of imputation credits under alternastimates for the value of cash. With respect to
the cash rebate regime we have the following estgnate
m At the lower bound estimate for the value of casigj0the estimated value for imputation credits

is 0.33 to 046.

— Theflower bound (@3) is constrained by the lower bound of the confidentaval for the

value of a fully franked dividend @), as 075+ 0.13 x 0.30 +(+ 0.30) =075+ 0.14=0.89.

— The upper bound (@6) is constrained by the upper bound of the confiderteeval for the

value of an imputation credit @¥).
m At the coefficient estimate for the value of casi8@the estimated value for imputation credits is

0.23t0 046

— The lowerbound (@3) is constrained by the lower bound of the confidentval for a fuly

franked dividend (®9), as 080+ 023 x 0.30 + (1- 0.30) = 080+ 0.10=0.89.

— The upper bound (0.46) is constrained by the upper bafuhe confidence interval for a fully

franked dividend (1.00), as8@ + 046 x 0.30 + (1- 0.30) = 080+ 020=1.00.
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m At the upper bound estimate for the value of casb(@he estimated value for imputation credits

is 023 to 0.36.

— The lower bound (@3) is constrained by the lower bound of the confidentaxval for an

imputation credit (23).

— Thepupper bound (86) is constrained by the upper bound for the value of ka fidlnked

dividendywas @5+ 036 % 0.30 + (1- 0.30) = 085+ 0.16=1.0Q

There are_not enough observations to make inferences #eoimposition of the 45-day trading
rule on the wvaluesof credits (the scatter plots for regibm@sd 2 overlap). But there is persuasive
evidence that. the introduction of the cash rebateolexh increase in the value of imputation credits,
consistent with the results from the derivatives sarijie confidence intervals for the value of credits
(0.23 to 0.46)wand the value of a fully franked dividédd9 to 1.00) are above the corresponding
confidence intervals in the earlier regimes.

According to'the dividend drop-off analysis, in the cashate regime, credits could be worth as
much as 46 cents\in the dollar (but only if a dollacadh is assumed to be worth no more than 0.81,
given the upper bound of the confidence interval for kg fthnked dividend package); and credits
could worthias little as 23 cents in the dollar (mly & a dollar of cash is assumed to be worth at least
0.79, given the lower bound of the confidence intefoalthe value of a fuly franked dividend
packagé.

8. Conclusion

The estimation of the market value of dividend impoatax credits is of central importance to
valuation/insmarkets with imputation tax systemstingstion of the value of imputation credits is
complicated by the need to simultaneously estirtieevalue of the cash dividend to which the credits
are attached._Having shown how the joint estimagtiwh joint interpretation of both estimates is critical
for correct inference, we provide an empirical analysisabmbines, for the first time in the literature,
the use of both matched derivatives-shares trades amtendi drop-off analysis within one
comprehensiverempirical investigation.

Using.more.than 73,000 derivative prices, and 12,800\iend day prices, we present the suite
of combinationswef credit value and cash value undeethlifferent tax regimes (Figurg. 3n the
current tax regime, under which investors can rececasa rebate for imputation credits:

m In the derivatives sample, the estimated market \@laesdits lies within the range of 0.01 to Q.20
A dollar of.eash is estimated to be valued by the piaakbetween 87 cents and 94 cents. At the
lower end.of cash value (0.87), credits are worth 0.0320 of face value, and, at the higher end
of cash value (0.94), credits are worth 0.01 to 0.07 sifi walue. A fully franked dividend package
is valued by the market within the range of 0.93.8Y @f cash dividend face value..

m In the ex-dividend sample, the estimated market vafiieredits lies within the range of 0.23 to

0.46 of face value (higher than implied by the deriestisample) and cash is valued by the market
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at 0.75 to 0.85 of face value (lower than implied &y derivatives samplept the lower end of
cash value (0.75), credits are worth 0.33 to 0.46,atritie higher end of cash value (0.85), credits
are worth 0.23 to 0.36. The estimated value of a fudpked dividend package is 0.89 to 1.00 of
cash dividend face value, which spans the confidetersal based upon the derivatives sample.
There are twe findings that are consistent with bothpsss. First, the introduction of the cash
rebate increased the value of imputation credits. $geofully franked one dollar dividend is valued

in the market at a little under a dollar.
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Table 1. Coefficient estimates from repeated samples in simulated data

The table summarises the results of a simulaticalyais. We randomly generated 1,000 samples oD%00
dividend events underthe assumption that the pésige share price change is equalto the castedidigield +
0.20x franking credit yield + noise. We regressed petage ex-dividend price changes on cash dividenld yie
and franking credit yield to compile 5,000 estinsata an intercept, estimated value for cash anchat®d value
for credits.“The upper section presents resulteutite assumption that each observation is indegremndhe
middle section presents results under the assumgimt there are 1,000 firms and each firm expedsrfive ex-
dividend events=Theresis a noise term per firmambise term per event, but overall noise is kelistant. The
lower section“presents results under the assumghiatnthere are 200 firms, five events per firm dind trades
per event (analogous to our derivatives sampleduliptions underpinning franking, dividend yield amzise

are presented’in Section 4.

Mean coefficient Standard Mean of standar

estimate deviation of error )
coefficient 9% confint
estimate

Observations/are independent
Intercept 0.00 0.12 0.12 -0.19 to 0.19
Cash estimate 1.00 0.06 0.06 0.90 to 110
Credit estimate 0.20 0.08 0.08 0.07 t0 0.33
Fully franked dividend 1.09 0.06 0.06 0.99 t01.18
Dependence across firms
Intercept 0.00 0.20 0.12 -0.35 t0 0.33
Cash estimate 1.00 0.11 0.06 0.82 t01.18
Credit estimate 0.20 0.15 0.08 -0.03 to 0.44
Fully franked«dividend 1.09 0.10 0.06 0.93 t01.25
Dependence across firms and events
Intercept 0.00 0.37 0.12 -0.57 to0 0.60
Cash estimate 1.00 0.20 0.06 0.67 t01.33
Credit estimate 0.20 0.27 0.08 -0.23 to 0.65
Fully franked"dividend 1.09 0.18 0.06 0.80 to 1.37
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Table 2. Distribution of observations acrosstax regimes and franking per centages

The table summarises the distribution of observatiacross taxregimes and franking credit levetMorsamples.
The derivatives sample comprises simultaneous s$raafederivatives (LEPOs and ISFs) and shares far 11
companies from 16 May 1994 to 27 October 2016. gkdividend sample comprises share prices on thme- cu
and ex-dividend dates for 961 companies from 12dgn 1994 to 3 August 2021. Regime 1, the 4baetay
regime, is the period prior to 1 Julp99when the 45-day rule was introduced which requimegstors to hold
shares at risk'for 45.days in order to receivetthxdenefits of imputation. Regime 2, the péStday/pre-rebate
regime, is the periodsfrort July 1999 to 30 June 200, when the 45-day rule was in effect but prior be t
introduction ofithe"cash rebate. Regime 3, the gablate regime, is the period from 1 July 2000 cdwavhen
investas couldieceive a cash rebate for imputation credits if credits exceeded the investor’s tax liability. For the
derivatives sample, “no dividend” means that there was no ex-dividend event between the trade date and the

expiration of the derivative contract.

Regime 1, Regime 2, Regime 3, All
pre45day post45day/pre- cash rebate
rebate

Panel A: Derivatives sample

Fully franked 1,911 263 14,735 16,909
Partially franked 50 44 3,423 3,517
Unfranked 961 197 1,709 2,867
Dividend 2,922 504 19,867 23,293
No dividend 8,101 2,171 39,511 49,783
All 11,023 2,675 59,378 73,076

Panel B:Exdividend sample

Fully franked 726 114 8,831 9,671
Partially franked 104 32 1,168 1,304
Unfranked 132 32 1,836 2,000
All 962 178 11,835 12,975
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Table 3. Distribution of observations by stock and tax regime

The table summarises the distribution of observati@cross tax regimes and firms for two samples Th
derivatives sample comprises simultaneous tradeemfatives (LEPOs and ISFs) and shares for 1hiemies
from 16 May 1994 to 27 October 2016. The ex-dividlesample comprises share prices on the cum- and ex
dividend dates for 961 companies from 19 Janua84 18 3 August 2021. Regime 1, the grfedayregime, is

the period"priorto 1 July 1999 when the 45-da mués introduced which requires investors to hdldres at

risk for 45 days in arder to receive the tax bdsedif imputation. Regime 2, the potb-day/pre-rebate regime,

is the period from:d July 1999 to 30 June 2000, witnee 45-day rule was in effect but prior to thigaduction of

the cash rebate:"Regime 3, the cash rebate reigithes period from 1 July 2000 onwards when investmould

receive a cashyrebate for imputation credits ifltseexceeded thmvestor’s tax liability.

Panel A: Derivatives sample

Regme 1, Regme 2, Regme 3, All
pre-45-day post-45-day/pre- cash rebate
rebate
BHP 5,332 825 7,683 13,840
National Australia.Bank 1,257 377 4,940 6,574
Commonwealth Bank 30 46 5,618 5,694
Rio Tinto 11 53 5,524 5,588
News Corporation 1,429 354 2,021 3,804
ANZ 235 161 3,375 3,771
Westpac 308 130 2,966 3,404
Newcrest 0 0 2,272 2,272
Western Mining 1,392 274 421 2,087
Woodside 20 15 1,985 2,020
Babcock & Brown 0 0 1,946 1,946
Telstra 0 70 1,584 1,654
AMP 0 39 1,488 1,527
Woolworths 1 16 1,500 1,517
Macquarie 0 1,451 1,451
Wesfarmers 0 1,191 1,191
QBE 0 802 802
St GeorgesBank 0 731 731
Qantas 7 17 698 722
MIM 515 66 107 688
Other 486 232 11,075 11,793
All 11,023 2,675 59,378 73,076

Panel B: Exdividend sample
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Regime 1, Regime 2, Regime 3, All
pre-45-day post-45-day, pre- cash rebate
rebate
CSR 11 2 42 55
Perpetual 8 3 44 55
Bendigo & Adelaide Bank 10 2 42 54
Lendlease 12 1 41 54
Orica 10 2 42 54
Woolworths 10 2 42 54
Brambles 10 2 41 53
Suncorp 10 0 43 53
Westpac 10 2 41 53
ANZ 10 2 40 52
BHP 10 2 40 52
Commonwealth Bank 10 2 40 52
Wesfarmers 10 0 42 52
ALS 1 41 51
Coca-Cola Amatil 2 42 51
National Australia Bank 11 1 39 51
Woodside 7 2 42 51
Bank of Queensland 11 0 39 50
CSL 9 2 39 50
Cimic 11 1 38 50
Other 766 147 11,015 11,928
All 962 178 11,835 12,975

This article is protected by copyright. All rights reserved



Sampling error and the joint estimation of impudatcredit value and cash dividend value

Table 4. Relative pricing error, dividend yield and imputation credit yield

The table presents descriptive statistics for tammsles. The derivatives sample comprises simultasemdes
of derivatives (LEPOs and ISFs) and shares forctivipanies from 16 May 1994 to 27 October 2016. tRela
pricing error is the percentage difference in tbévdtive price and the share price. Dividend yiglthe dividend
relative to share price for the next ex-dividencemty provided it occurs prior to the expiration elddr the
derivative.Imputation credit yield = dividend ydek franking percentage x corporate taxrate = (orporate
tax rate). Thefex-dividend sample comprises sheacegpon the cum- and ex-dividend dates for 961 paories
from 19 January=1994sto 3 August 2021. Percentdgenge in price is the cum-dividend price minus the
dividend priceyscaled by the cum-dividend priceidend yield is the cash dividend scaled by thmalividend
price. Imputation.credit yield = dividend yield rafking percentage x corporate tax rate = (torporate tax
rate). Regimesl, the pr5b-dayregime, is the period prior to 1 July 1999 whea #5-day rule was introduced
which requiresyinvestors to hold shares at riskfodays in order to receive the tax benefits plitation. Regime
2, the postd5-daylpre-rebate regime, is the period from 1 Jl@991to 30 June 2000, when the 45-day rule was
in effect but prior te the introduction of the casbate. Regime 3, the cash rebate regime, is ¢hedofrom 1
July 2000 onwards when investors could receive shaabate for imputation credits if credits excabdiee

investor’s tax liability.

Panel A: Derivatives sample

Regime 1Regime?2, Regime 3 Un- Partial Franked All
pre45 post4s cash | franked
day day/pre- rebate
rebate
Mean
No dividendyprior to expiry
Relative pricing error (%) -0.02 -0.01 0.06 0.02 0.07 0.04 0.04
Dividend prior to expiry
Relative pricing error (%) 1.48 1.09 1.78 1.03 1.38 191 1.72
Dividend yield (%) 1.49 1.25 1.82 1.10 1.42 1.95 1.76
Imputation credit yield (%) 0.60 0.49 0.69 0.00 0.33 0.86 0.67
Standard deviation
No dividendprior to expiry
Relative pricing error (%) 0.44 0.60 0.37 0.49 0.48 0.35 0.39
Dividend prior to expiry
Relative pricing error (%) 0.96 0.79 1.05 0.91 0.87 1.02 1.04
Dividend yield (%) 0.87 0.75 0.92 0.91 0.82 0.87 0.92
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Imputation credit yield (%) 0.52 0.45 0.45 0.00 0.28 0.38 0.46
Panel B: Ex-dividend sample
Regime 1Regime?2, Regime 3 Un- Partial Franked All
pre45 post4s cash | franked
day day, pre- rebate
rebate

Mean

Change in price (%) 1.93 1.62 2.07 1.70 191 2.14 2.05
Dividend yield (%) 2.46 2.26 2.39 2.26 2.36 243 2.40
Imputation credityield (%) 1.07 0.81 0.83 0.00 0.48 1.07 0.85
Standard deviation

Change in pricex(%) 2.01 1.59 2.75 2.32 241 2.78 2.69
Dividend yield (%) 112 1.06 1.30 1.29 1.18 1.30 1.29
Imputation creditsyield (%) 0.70 0.60 0.64 0.00 0.35 0.58 0.65
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Table 5. Preliminary comparison

The table presents the results ofa regressioglatfwe pricing error (for the derivatives sampl@)the percentage
change in price (for the ex-dividend sample) orid#ind yield interacted with dummy variables cor@sging to
three taxregimes (the prb-day regime is priorto 1 July 1999, the pdStday/pre-rebate regime is from 1 July
1999 to 30 June 2000, and the cash rebate regifr@nisl July2000onwards). The regression was run separately
for stocks with"unfranked dividends, partially fkal dividends and fully franked dividends. For tlexivatives
sample, standard errors are clustered by firm andividend event. For the ex-dividend sample, stadderrors

are clustered:bysfirm:

Panel A: Derivatives, sample

Coefficient Standard error
Parameter None Partial Full None Partial Full
Intercept (%) 0.024 0.074 0.046 0.013 0.035 0.007
Pre-45 day regime 0.928 0.940 0.992 0.039 0.022 0.018
Post-45 day/pre-rebate regime 0.836 0.810 0.865 0.031 0.027 0.011
Cash rebate regime 0.895 0.918 0.951 0.023 0.036 0.012
Observations 11,442 8,358 53,276
R-squared (%) 61.24 74.97 81.90
Panel B:Exdividend sample

Coefficient Standard error
Parameter None Partial Full None Partial Full
Intercept (%) -0.018 0179  -0.196 0.092 0.135 0.071
Pre-45 day regime 0.750 0.437 0.908 0.057 0.099 0.045
Post-45 day/pre=rebate regime 0.564 0.691 0.837 0.096 0.102 0.049
Cash rebateregime 0.769 0.763 0.967 0.038 0.058 0.034
Observations 2,000 1,304 9,671
R-squared (%) 17.91 13.89 20.32
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Table 6. Results

The table presents results of a regression ofvelaticing error (for the derivatives sample) ergentage price
change (for the ex-dividend sample) on cash dividgield and imputation credit yield interacted witluimmy

variables corresponding to three taxregimes (tleedp-day regime is prior to 1 July 1999, the pdSstday/pre-
rebate regime is from 1 July 1999 to 30 June 2864, the cash rebate regime is from 1 R{I90onwards). The
standard errgrand confidence intervals are congpfiten a bootstrap analysis based upon 1,000 sandséwvn

from our data. For'each derivatives sample we ramdselect, with replacement, 1,268 firm/ex-divideavent
pairs from the full:suitesof 1,268 firm/ex-dividersyent combinations in our dataset of 73,076 olet&ms. For
the ex-dividend“sample we randomly select, withlaepment, 961 firms from the full suite of 961 firim our

dataset of 12,975 ex-dividend events. The standaats are the standard deviations of coefficiestinmtes
across 1,0004regressions, and the confidence aiseare the middle 95 per cent of coefficient estés. The
estimates labelledfully franked dividend are foe package of a dollar of cash dividend with foiputation,
relative to thesface'value of cash (that is, a dokar fully franked dividend has an estimated eatf $0.951 in
the cash rebate regime from the derivatives sarapld,an estimated value of $0.945 in the cash esletime

from the ex-dividend' sample).

Panel A: Derivatives sample

Parameter Coefficient Std Err Conf interval
Intercept (%) 0.045 0.007 0.03 to 0.06
Cash 0.906 0.017 0.87 to 0.94
Credit pre-45 day 0.161 0.048 0.06 to 0.25
Credit post-45.dayi/pre-rebate -0.090 0.039 -0.18 to -0.02
Credit in cash rebate regime 0.106 0.048 0.01 to 0.20
Fully franked div pre-45 day 0.975 0.016 0.94 to 1.00
Fully franked divypost-45 day/pre-rebate 0.867 0.010 0.84 to 0.88
Fully franked div in/cash rebate regime 0.951 0.012 0.93 to 0.97
Observations 73,076

R-squared (%) 79.77

Panel B:Exdividendssample

Parameter Coefficient Std Err Conf interval
Intercepti(%) -0.132 0.056 -0.24 to -0.03
Cash 0.797 0.025 0.75 to 0.85
Credit pre-45 day 0.117 0.066 -0.01 to 0.25
Credit post-45day/pre-rebate 0.042 0.080 -0.12 t0 0.20
Credit in cash rebate regime 0.344 0.059 0.23 to 0.46
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Fully franked div pre-45 day 0.848 0.033 0.79 to 0.92
Fully franked div post-45 day/pre-rebate 0.815 0.037 0.75 to 0.89
Fully franked div in cash rebate regime 0.945 0.029 0.89 to 1.00
Observations 12,975
R-squared (%) 19.68
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Figure 1. Prior estimates of the value of cash dividends and imputation credits in the cash rebate period

Panel A: Inverse relationship between estimatélsefalue of cash and the value of credits
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Figure 2. Coefficient estimates from repeated samples with independent obser vations

The figure summarises the results of a simulatioalysis. We randomly generated 1,000 samples 005@&-
dividend events underthe assumption that the pésige share price change is equalto the castedidigield +
0.20x franking credit yield + noise. We regressed petaga ex-dividend price changes on cash dividenld yie
and franking credit yield to compile 5,000 estinsata an intercept, estimated value for cash anchatstd value

for credits.

{

resents results under tsiaption that each observation is independent. Apsians

underpinnin , dividend yield and noise presented in Section 4.
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Figure 3. Coefficient estimates from repeated samples with dependence acrossfirms

The figure summarises the results of a simulatioalyesis. We randomly generated 1,000 samples 60%8-
dividend events underthe assumption that the pésige share price change is equalto the cashedidigield +
0.20x franking credit yield + noise. We regressed petaga ex-dividend price changes on cash dividenld yie
and franking credit yield to compile 5,000 estinsata an intercept, estimated value for cash anchatstd value

{

for credits. resents results under tleuaption that there are 1,000 firms and each fipegences
five ex-divide ts. There is a noise ternfiparand a noise term perevent, but overall n@deeld constant.
Assumption inning franking, dividend yieftbanoise are presented in Section 4.
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Figure 4. Coefficient estimates from repeated samples with dependence acrossfirms and events

The figure summarises the results of a simulatioalesis. We randomly generated 1,000 samples 605%Q-
dividend events underthe assumption that the pésige share price change is equalto the castedidigield +
0.20x franking credit yield + noise. We regressed petaga ex-dividend price changes on cash dividend yie
and franking credit yield to compile 5,000 estinsata an intercept, estimated value for cash anchatstd value

for credits.

{

resents results under treuamption that there are 200 firms, five eventsfiperand five

trades per eMous to our derivatives Bdmpssumptions underpinning franking, dividenélgiand

noise are pr insSection 4.
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Figure 5. Estimates of the value of cash dividends and imputation credits across tax regimes

The figure presents results of a regression ofivelgricing error (for the derivatives sample)p@rcentage price

change (for the ex-dividend sample) on cash dividgield and imputation credit yield interacted witllimmy

variables corresponding to three taxregimes (iteedp-day regime is priorto 1 July 1999, the pdSstday/pre-

rebate regime is from 1 July 1999 to 30 June 286d, the cash rebate regime is from 1 July 2000 aisya

Each datapoint'represents the combination of estiineash value and estimated credit value by regtness

1,000 simulated samples.. For each derivatives kamp randomly select, with replacement, 1,268 /éwn

dividend eventspairssfrom the full suite of 1,2@8&fex-dividend event combinations in our datase?7®076

observationsiForthe ex-dividend sample we rangamlect, with replacement, 961 firms from the fulite of

961 firms in our.dataset of 12,975 ex-dividend dgen

Panel A: Derivatives sample
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"£80100 e o
& I
*-.0.10 Regime 2 %
-0.20
-0.30
0.80 0.84 0.88 0.92 0.96 1.00
Cash
Lower bound cash Coeff cash Upper bound cash
Cash value 0.87 0.91 0.94
Credit value: Pre-45 day rule 0.16 t00.25 0.08 t0 0.22 0.06 t00.14
Credit value: Post-45 day rule/pre-reb  -0.07 to -0.02 -0.14 to -0.05 -0.18t0-0.14
Credit valuei Cashrebate 0.13 t00.20 0.05 t0 0.16 0.01 to 0.07
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Panel B:Exdividend sample

0.60
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0.40 E "‘\\\
» 0130 k*\m 5 Regime 3
0200 . wlRrRT L T
E" 0.10 § i Regime 1
‘g 0:00
=£-0.10 Regime 2
-0120
-0.30
0.72 0.76 0.80 0.84 0.88 0.92 0.96 1.00
Cash
Lower bound cash Coeff cash Upper bound cash
Cash value 0.75 0.80 0.85
Credit value:Pre=45 day rule 0.09 t0 0.25 -0.01 to 0.25 -0.01 to 0.15
Credit value: Post-45 day rule/pre-reb 0.00 t0 0.20 -0.11 to 0.20 -0.12 to 0.09
Credit value: Cash.rebate 0.33 t0 0.46 0.23 t0 0.46 0.23 t0 0.36
10. Appendix

Table 7. Results.if observations are assumed to be independent

The table presentsyresults of a regression ofvelaticing error (for the derivatives sample) ergentage price
change (for the ex-dividend sample) on cash dividgield and imputation credit yield interacted witluimmy
variables corresponding to three taxregimes (tleedp-day regime is priorto 1 July 1999, the pdstday/pre-
rebate regime is from 1 July 1999 to 30 June 2864, the cash rebate regime is from 1 July 2000 adsyaThe
standard errar and eonfidence intervals are congpfiten a bootstrap analysis based upon 1,000 sandséwvn
from our data. For each derivatives sample we ramdselect, with replacement, 73,076 observationsfour
full dataset of 73,076 observations. For the ejdéimd sample we randomly select, with replace méa{975
observations from our full dataset of 12,975 exd#nd events. The standard errors are the stardandtions
of coefficients€stimates across 1,000 regressiang, the confidence intervals are the middle 95qeert of
coefficient estimates. The estimates labelled frdipked dividend are for the package of a doffarash dividend
with fullimputation, relative to the face valueadsh (that is, a one dollar fully franked divideras an estimated
value of $0.951 in the cash rebate regime fromdéigvatives sample, and an estimated value of $(rB4he

cash rebate regime from the ex-dividend sample).
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Panel A: Derivative prices

Parameter Coefficient Std Err Conf interval
Intercept (%) 0.045 0.002 0.04 to 0.05
Cash 0.906 0.004 0.90 to 0.91
Credit pre-45 day 0.161 0.011 0.14 to0 0.18
Credit post-45 day/pre-rebate -0.090 0.014 -0.12 to -0.06
Credit in cash rebate regime 0.106 0.011 0.08 to0 0.13
Fully frankedrdiv pre-45 day 0.975 0.003 0.97 to 0.98
Fully franked div pos#5day/pre-rebate 0.867 0.005 0.86 to 0.88
Fully franked div in‘cash rebate regime 0.951 0.003 0.95 to 0.96
Observations 73,076

R-squared (%) 79.77

Panel B: Dividendsdrop-off

Parameter Coefficient Std Err Conf interval
Intercept (%) -0.132 0.043 -0.22 to -0.05
Cash 0.797 0.021 0.76 to 0.84
Credit pre-45'day 0.117 0.049 0.02 to 0.21
Credit post-45 daylpre-rebate 0.042 0.078 -0.12 t0 0.19
Credit in cashrebate regime 0.344 0.046 0.25 to 0.43
Fully franked div pre-45 day 0.848 0.022 0.80 to 0.89
Fully franked div_post-45 day/pre-rebate 0.815 0.035 0.74 to 0.88
Fully franked«diviin,cash rebate regime 0.945 0.019 0.90 to 0.98
Observations 12,975

R-squared (%) 19.68
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