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I. Introduction

From a firm’s viewpoint, the cost of equity (COE) is the expected cost for equity fi-
nancing. On the other hand, from a stockholder’s viewpoint, the COE is the expected
(required) return on its investment. The COE also indicates the hurdle rate of return
on equity (ROE) in that a firm needs to achieve the higher ROE than the level of the
COE in order to enhance the stockholder value. The concept of the hurdle rate began
to gather attention after the publication of Final Report of the Ito Review (Ministry of
Economy, Trade and Industry [2014]), claiming as follows: “A value-creating company
is one that has an ROE above its cost of capital, and while the actual cost of capital dif-
fers between companies, the first step in receiving recognition from global investors
is for a company to commit to achieving a minimum ROE of 8%, while continually
seeking to generate an ROE higher than 8%.” As the view of the report came to be
broadly accepted, the managers of Japanese firms have been gradually taken the levels
of the COE into account.

As explained above, there has been a growing interest in the levels of the COE,
particularly among practitioners. Nonetheless, all existing models for inferring the
individual firms’ COE have pros and cons, so no model has yet become a de facto stan-
dard, and there is no consensus on the factors determining the firms’ COE. Therefore,
in order to provide the practitioners with valuable research, the main purpose of this
paper is to propose a statistical model for inferring the firms’ COE and unraveling key
determinants of the COE.

In our model, individual firms’ COE is estimated with data on market prices of
individual stocks because each firm’s COE is conceptually equal to the expected return
on its stock, which is reflected in the current stock price.1 Existing inference methods
using data on stock prices are classified into two types as follows:

(1) Estimating the COE with statistical models such as market models (e.g., Sharpe
[1964], Lintner [1965], derived from capital asset pricing models) or multi-
factor models (e.g., Fama and French [1993, 1997, 2015]) from historical data
on the stock returns.

(2) Estimating the implied COE with equity valuation models such as the residual
income model which assumes an identity between the market value and the
theoretical value of a stock based on the efficient market hypothesis (Botosan
[1997], Gebhardt, Lee, and Swaminathan [2001], Easton [2004, 2009], Ohlson
and Juettner-Nauroth [2005]).

The method (1) has a crucial shortcoming in that estimated values heavily depend
on the sample period used for the estimation but nevertheless no reasonable method

................................
1. Yanagi (2015a) estimates the COE from survey results. In his research, the COE is estimated as 8% by adding

the consensus value of the equity risk premium in developed countries (6%, according to survey results by
Fernandez and Campo [2011]) to the risk-free rate in Japan (2%, from the historical average of 30-year
government bonds yields). Moreover, this paper states, “the most recent survey (Yanagi [2015b]) concludes
the COE is 7.3% (6.8% for domestic investors, and 7.6% for overseas investors), and both the mode and
majority of the COE distribution are 8%. This reconfirms that an 8% targeted (ROE) is sufficient to exceed
expected returns for about 90% of investors.” (Translated from Japanese by the authors)
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to select appropriate sample period exists. In fact, Fama and French (1997) admits
inaccuracy in risk premiums (i.e., COE minus risk-free rate) estimated with their multi-
factor model.

The method (2) does not have the problem mentioned above. However, existing
research suggests that estimated implied COE contains considerable estimation errors.
The two main factors behind such estimation errors are as follows:

• The expected earnings level and growth rate forecasted by (financial) analysts
contain measurement errors, and these errors harm the accuracy of the estimated
COE (Hou, Dijk, and Zhang [2012], Larocque [2013]).

• The lengths of time over which firms continue to earn excess profits (expected
excess earnings durations) are exogenously and unfoundedly assumed, and the
assumption may distort the estimates of the COE (Gebhardt, Lee, and Swami-
nathan [2001], Claus and Thomas [2001], Gode and Mohanram [2003]).

These disadvantages in estimating the implied COE may be eased by explicitly
considering those measurement errors in estimation processes, and employing simul-
taneous estimation of the COE and the expected earnings growth rate. This is because
these steps could, to some extent, reduce harmful impacts of the measurement errors on
COE estimates (errors-in-variables problem; see, e.g., Griliches and Ringstad [1970],
Chesher [1991]) by making the expected growth function as a buffer against these
measurement errors (e.g., Easton et al. [2002], Huang, Natarajan, and Radhakrishnan
[2005], Nekrasov and Ogneva [2011]).2

Therefore, on the basis of the residual income model, we propose a statistical model
for inferring the implied COE from cross-sectional data on stock prices and firms’ at-
tributes, and identify the COE, expected earnings growth rates, and expected excess
earnings durations of individual firms simultaneously. The samples of this research
are Japanese firms listed on the First Section of the Tokyo Stock Exchange (excluding
the financial industry sector). The proposed model explicitly considers the existence
of stochastic noise included in a firm’s market value (stock price), and thus it admits
that discrepancies between the stock price and theoretical value calculated from the
residual income model are non-negligible. Since a variety of factors including mar-
ket inefficiency, model risks (e.g., misspecification risks) and measurement errors in
analyst forecasts are intricately intertwined and affect the stochastic structures of the
noises (cross-sectional dependency), it is difficult to accurately specify the structure of
the noises. Therefore, we estimate the model by the quasi-maximum likelihood (QML)
approach, which does not need the correct knowledge of the stochastic structures of
noises, and the COE estimates are obtained as QML estimators.

We address two disadvantages of existing implied COE models listed above as the
following. First of all, regarding the measurement errors in analyst forecasts, our re-
search uses only short-term (one-year-ahead) forecasts as inputs to limit the impact
of the errors on estimates. Next, with respect to the expected earnings growth rate,
we simultaneously identify the rate and COE (Huang, Natarajan, and Radhakrishnan

................................
2. Note that the increase of the number of parameters to be estimated could enlarge the estimation errors.
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[2005],3 Ishikawa [2014]) in contrast to the existing research on estimating the im-
plied COE, in which only the COE is estimated and earnings forecasts are replaced by
proxies complied from mid- to long-term forecasts. To simultaneously identify the ex-
pected earnings growth rates with the COE is crucial because the compiled proxies for
expected earnings growth rates used in existing research include serious measurement
errors and might amplify the harmful impact on the COE estimates.

Further, using our statistical model, we identifies the expected excess earnings du-
ration simultaneously with the COE and the expected earnings growth rate, while ex-
isting research assumes a finite or infinite duration (Gebhardt, Lee, and Swaminathan
[2001], Claus and Thomas [2001]). Note that the estimates could take virtually infi-
nite values, so our strategy is more comprehensive than the ones used in the existing
research.

Employing our model, we analyze issues examined in Nekrasov and Ogneva
(2011). Specifically, we attempt to unravel the interrelations of firms’ attributes to
(both of) the individual firms’ COE (and the expected earnings growth rate). That
is, we aim to identify key determinants of the firms’ COE. The cross-sectional
interrelation between estimated firms’ COE and expected (realized) returns on their
stocks is examined as in the existing research (e.g., Easton and Monahan [2005],
Botosan, Plumlee, and Wen [2011], Nekrasov and Ogneva [2011]).4 We also conduct
comparative analysis on the estimated COE between our statistical model and four
existing models, those of Gebhardt, Lee, and Swaminathan (2001), Claus and Thomas
(2001), Easton (2004), and Ohlson and Juettner-Nauroth (2005).

The main findings of our research are as follows. First, we identify a positive
cross-sectional interrelation between our estimates of the individual firms’ COE and
the corresponding expected returns on their stocks, and find the relation is stronger
than those obtained with existing models. In addition, we find that the cross-sectional
distribution of individual firms’ COE has changed over time, which suggests that it
is important to take account of market conditions and financial situations of the firms
in the estimation. Moreover, firms’ attributes, such as industry sector, cash-flow/price
ratio and dividend/price ratio, are unraveled to be key determinants of the COE.

The reminder of this paper is organized as follows. Section 2 shows the derivation
of our statistical model based on a standard residual income model. Section 3 explains
our methodology (the QML approach) for inferring the COE, the expected earnings
growth rate and the expected excess earnings duration. That section also illustrates the
data used for estimation. Section 4 provides the estimation results and some analyses
of them, and Section 5 concludes the paper.

................................
3. The cited paper was the first to propose simultaneous estimation of the individual firms’ COE and the expected

earnings growth rates, assuming that COE is time-invariant. Easton et al. (2002) is regarded as the first
research to consider simultaneous estimation of market- and industry-based COE and the expected earnings
growth rates.

4. Here, “the cross-sectional interrelation between firms’ COE and expected returns on their stocks” means that
firms with higher (lower) COE would earn better (worse) stock returns on average in the future.
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II. Residual Income Model and Statistical Model

In this section, we derive our statistical model based on an existing residual income
model. First, a clean-surplus relation between net assets (Bt), net earnings after tax
(et) and dividend (dt) is assumed. Then, the residual income

(
eex

t
)

is defined with COE
(RE,t) as follows. Here, the index t (≥ 0) indicates the period, and the interval between
period t − 1 and t is assumed as one year (i.e., constant time-interval).

Clean Surplus Relation

Bt − Bt−1 = et − dt. (1)

Residual Income

eex
t ≡ et − RE,t Bt−1

(
=
(
ROEt − RE,t

)
Bt−1
)
. (2)

Here, ROEt ≡ et/Bt−1 holds. From equation (1) and (2), the dividend (dt) is expressed
as

dt = eex
t + RE,t Bt−1 − Bt + Bt−1 = eex

t +
(
1 + RE,t

)
Bt−1 − Bt. (3)

We denote by Vt the theoretical value of the stock at period t (≥ 0), and assume
that the COE (RE,t) is determined from information available at period t and takes the
same value over the forecast horizon.5 The COE is also assumed to be larger than the
expected earnings growth rate. Denoting by Et[·] the operator of taking expectation
value from the information available at period t, a standard residual income model is
derived from dividend discount models with finite forecast horizon (T < ∞) as follows:

Vt =

T−t∑

j=1

Et[dt+ j]
(
1 + RE,t

) j
=

T−t∑

j=1

Et[eex
t+ j +

(
1 + RE,t

)
Bt+ j−1 − Bt+ j]

(
1 + RE,t

) j

=

T−t∑

j=1

Et[eex
t+ j]

(
1 + RE,t

) j
+ Bt +

T−t∑

j=1

Et[
(
1 + RE,t

)
Bt+ j − (1 + RE,t

)
Bt+ j]

(
1 + RE,t

) j
− Et[BT ]
(
1 + RE,t

)T−t
.

Taking the limit (T → ∞) and denoting by Vt the limiting value, the residual income
model with infinite forecast horizon is derived as

Vt = Bt +

∞∑

j=1

Et[eex
t+ j]

(
1 + RE,t

) j
. (4)

With the additional assumption that firms do not gain positive excess earnings after cer-
tain periods (T < ∞) have passed (Et[eex

t+ j] = 0 (t + j > T )), equation (4) is transformed

................................
5. In our model, the term structure of COE is assumed to be flat (i.e., constant over time).
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into the following equation:

Vt = Bt +

T−t∑

j=1

Et[eex
t+ j]

(
1 + RE,t

) j
. (5)

We derive our statistical model for inferring the COE based on the residual income
model with infinite forecast horizon, given as equation (5). Denote by Pi,t the stock
price of a firm i (∈ {1, . . . ,N}) at period t (≥ 0), and by Vi,t the theoretical value of
the stock calculated from the model. Note that the competitive power of each firm to
gain excess earnings (i.e., ROE minus COE retains positive) is assumed to persist only
over a finite horizon, τt (< ∞). We set this novel assumption because the assumption
that positive or negative excess earnings will continue forever is unrealistic, poten-
tially causing significant biases on the estimates of the COE and the expected earnings
growth rate unless the assumption captures a true parameter value.6

We assume that the excess earnings of firm i (eex,i
t ) uniformly grow at the condi-

tional and unbiased expected earnings growth rate (gi
E,t), which is determined from the

information available at period t (≥ 0)7 as

eex,i
s+1 = eex,i

s (1 + gi
E,t) + ε

i
s+1, s ≥ t, (6)

where εs+1 expresses the stochastic error terms. The terms are assumed to be stochasti-
cally independent of other variables, and the expected values of the terms with respect
to i (∈ {1, . . . ,N}) are assumed to be zero (Et[εis+1] = 0, s ≥ t). Substituting equa-
tion (6) into equation (5), we obtain

Vi
t = Bi

t +

τt∑

j=1

eex,i
t (1 + gi

E,t)
j

(1 + Ri
E,t)

j
. (7)

We calculate residual incomes from forecasts (êt+1) on the net income after tax de-
scribed as êex,i

t+1 ≡ êt+1 − Ri
E,t Bt.8 We then input the calculated incomes into equation (7)

................................
6. Flexibility in estimations may be enhanced by adding new parameter (the expected excess earnings duration,
τ) to the estimation of the COE (RE) and the expected earnings growth rate (gE).

7. The expected earnings growth rate is specified parametrically as Et[e
ex,i
s+1] ≡ eex,i

s (1 + gi
E,t) (s ≥ t). Given that

the net income grows at the ratio of the internal reserve to the net asset (the expected earnings growth rate is
gE,t ≡ (1 − ρ) et/Bt−1, where ρ is the dividend payout ratio), the net income, the expected excess earnings and
the net asset grow at the expected earnings growth rate gE,t (xt+1 =

(
1 + gE,t

)
xt , (∀t) , x ∈ {e, eex , B}) under

the clean surplus relation.
8. We use one-year-ahead forecasts on the individual firms’ ROE (consensus value) as proxies for the one-year-

ahead unbiased ROE forecasts. We do not use mid- to long-term horizon forecasts, because measurement
errors in forecasts are broadly recognized as non-negligible (e.g., Harris [1999], Chan, Karceski, and Lakon-
ishok [2003], Guay, Kothari, and Shu [2011]). Measurement errors exist even in short-term horizon earnings
forecasts (e.g., Hou, Dijk, and Zhang [2012], Larocque [2013]), but since many studies have indicated smaller
measurement errors in short-term forecasts (e.g., La Porta [1996], Dechow and Sloan [1997], Chan, Karceski,
and Lakonishok [2003], Hong and Kubik [2003], Barniv et al. [2009], Jung, Shane, and Yang [2012]), and
because it is difficult to find other good proxies for the short-term true forecasts, we use short-term forecasts as
inputs. The existing research suggests that short-term horizon forecasts have smaller measurement errors be-
cause the enrollment periods of analysts are typically too short, and consequently they do not have incentives
to frequently update longer forecasts (Hong and Kubik [2003]).
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as proxies for the investors’ expected excess earnings at period t + 1. Since êt+1 may
suffer from measurement errors, we explicitly consider the error as

êex,i
t+1 = eex,i

t (1 + gi
E,t) + ζ

i
t+1, (8)

where ζ i
t+1 represents the measurement errors in the forecast. Substituting equation (8)

into equation (7), we obtain

Vi
t = Bi

t +

τt∑

j=1

êex,i
t+1(1 + gi

E,t)
j−1

(1 + Ri
E,t)

j
+ ηi

t. (9)

Note that ηi
t shows the cumulative impact of measurement errors in the theoretical

stock value (−∑τt

j=1 ζ
i
t+1(1 + gi

E,t)
j−1/(1 + Ri

E,t)
j). This term exists because unbiased

expected values of the residual income at future period t + 1 (Et[e
ex,i
t+1] ≡ eex,i

t (1 + gi
E,t))

are replaced by forecasts on residual incomes êex,i
t+1.

Next, we use the stock price Pi,t instead of the theoretical value of the stock Vi
t . The

issue here is that the stock price of firm i at period t (Pi,t) may not necessarily coincide
with the theoretical value of the stock (Vi

t ) in equation (9) for a variety of reasons,
including model risks or market inefficiency. Therefore, the relation between the stock
price (Pi,t) and the theoretical value of the stock (Vi

t ) is defined with noise terms (ξi
t) as

Pi,t = Vi
t + ξ

i
t

= Bi
t +

τt∑

j=1

êex,i
t+1(1 + gi

E,t)
j−1

(1 + Ri
E,t)

j
+ηi

t + ξ
i
t

= Bi
t +

êex,i
t+1

(Ri
E,t − gi

E,t)

⎛
⎜⎜⎜⎜⎜⎝1 −

⎡
⎢⎢⎢⎢⎢⎣

1 + gi
E,t

1 + Ri
E,t

⎤
⎥⎥⎥⎥⎥⎦

τt⎞⎟⎟⎟⎟⎟⎠ + ε̃
i
t. (10)

Here, ε̃i
t ≡ ηi

t+ ξ
i
t holds, and {ε̃i

t}Ni=1 is assumed to follow a distribution with zero mean
at each period t.

Dividing both sides of equation (10) with Bi
t, a residual income model with finite

expected excess earnings duration is derived as

Pi
t

Bi
t

= 1 +
(ROEi

t+1 − Ri
E,t)

(Ri
E,t − gi

E,t)

⎛
⎜⎜⎜⎜⎜⎝1 −

⎡
⎢⎢⎢⎢⎢⎣

1 + gi
E,t

1 + Ri
E,t

⎤
⎥⎥⎥⎥⎥⎦

τt⎞⎟⎟⎟⎟⎟⎠ + ε
i
t, (11)

where εi
t ≡ ε̃i

t/B
i
t holds.

We assume that the individual firms’ COE (Ri
E,t) and expected earnings growth rate

(gi
E,t) are determined from the relative values of the firms’ attributes (see Section III.

D. 2.). We then apply a linear relation for the determining formulas of Ri
E,t and gi

E,t as

Ri
E,t =

MX∑

h=1

λh,tX
i
h,t = XiT

t λt (∀i ∈ {1, . . . ,N} , t ≥ 0) ,
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gi
E,t =

MY∑

h=1

γh,tY
i
h,t = YiT

t γt (∀i ∈ {1, . . . ,N} , t ≥ 0) . (12)

Here, Xi
t (MX × 1) and Yi

t (MY × 1) are vectors of firm i’s attributes determining its
COE and expected earnings growth rate, and MX and MY indicate the number of at-
tributes determining the individual firms’ COE and expected earnings growth rate, re-
spectively. The first elements of the vectors are “1”. λt (MX × 1) and γt (MY × 1) are
premium vectors for the COE and weight vectors for the expected earnings growth rate.

In the following sections, the firms’ COE (Ri
E,t ,∀i ∈ {1, . . . ,N}), the expected earn-

ings growth rate (gi
E,t ,∀i ∈ {1, . . . ,N}) and the expected excess earnings duration (τt)

at period t (≥ 0) are simultaneously identified based on equations (11) and (12).

III. Methodology and Data

A. Methodology
Individual firms’ COE (Ri

E,t ,∀i ∈ {1, . . . ,N}), expected earnings growth rates,
(gi

E,t ,∀i ∈ {1, . . . ,N}) and (common) expected excess earnings durations (τt) are
estimated from the cross-sectional data on stock prices and firms’ attributes at period t
by employing the statistical model described in equations (11) and (12).9 For inferring
parameters, maximum-likelihood approach is frequently used and, to apply this
method to equations (11) and (12), the assumptions concerning the stochastic structure
(e.g., information on the cross-sectional dependency at each period) of the stochastic
error terms εi

t in equation (11) is to be valid. However, since the stochastic error terms
{εi

t}Ni=1 are affected by a variety of factors such as model risks (e.g., misspecification
risks) and measurement errors in earnings forecasts, it is unrealistic to ex ante have
knowledge of the stochastic structures of the terms. We therefore employ QML
approach which does not require ex ante knowledge of the structures of {εi

t}Ni=1 in order
to obtain consistent estimators. Thus, parameters including the COE are estimated as
QML estimators.

In detail, as given by equation (13), the estimators are obtained by maximizing
quasi-logarithm likelihoods, which are set by assuming normality of the distribution of
each error term. In reality, it is possible that each error term {εi

t}Ni=1 does not follow a
normal distribution. Even so, estimators obtained by maximizing quasi-likelihoods are
still consistent (e.g., White [1994]).

max
λt ,γt ,τt

ln

[

(2π)−
N
2

∣∣∣Σε,t
∣∣∣
− 1

2 exp

(

−1
2

(Z t − Mt)
� Σ−1
ε,t (Z t − Mt)

)]

(∀t). (13)

................................
9. Parameters in equation (11) are estimated from cross-sectional data at each period as a cross-section model,

and we do not infer panel data models incorporating time-series information into the estimation. This is
because the “implied cost of capital” is the estimates from the currently available market information for
investors, and we would like to observe how distributions of individual firms’ COE change over time. Further,
we intentionally avoid to select the sample period for the estimation, because the estimates may be affected
by the choice of the periods for the estimation.
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where

Z t =

⎛
⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎝

P1
t /B

1
t

P2
t /B

2
t
...

PN
t /B

N
t

⎞
⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎠

: N × 1 Mt =

⎛
⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎝

1 +
(ROE1

t+1−R1
E,t)

(R1
E,t−g1

t )

(
1 −
[

1+g1
E,t

1+R1
E,t

]τt
)

1 +
(ROE2

t+1−R2
E,t)

(R2
E,t−g2

E,t)

(
1 −
[

1+g2
E,t

1+R2
E,t

]τt
)

...

1 +
(ROEN

t+1−RN
E,t)

(RN
E,t−gN

E,t)

(
1 −
[

1+gN
E,t

1+RN
E,t

]τt
)

⎞
⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎠

: N × 1 ,

Ri
E,t = XiT

t λt , gi
E,t = YiT

t γt , ∀i ∈ {1, . . . ,N} ,

hold and Σε,t (N ×N matrix) shows the covariance matrix for the standard errors under
heteroscedasticity (Σε,t = σ2

ε,t IN×N holds under homoscedasticity). If Σε,t = σ2
ε,t IN×N

holds, then equation (13) can be simplified as

max
λt ,γt ,τt

ln

⎡
⎢⎢⎢⎢⎣(2π)

− N
2 σ2
ε,t
− N

2 exp

⎛
⎜⎜⎜⎜⎝− 1

2σ2
ε,t

(Z t − Mt)
T (Z t − Mt)

⎞
⎟⎟⎟⎟⎠

⎤
⎥⎥⎥⎥⎦ (∀t). (14)

Although consistent estimators can be obtained by optimization of the problem
above, the calculation of standard errors (and t-values) remains an issue. We need to
employ a method for inferring the standard errors of the QML estimator instead of the
method for maximum likelihood estimators (e.g., White [1994]). Detailed information
on the method for inferring the standard errors of the estimators and the asymptotic
distribution of the QML estimator are shown in Appendix 1.

B. Data
The firms in the data samples were selected to satisfy the following criteria: 1) listed on
the First Section of the Tokyo Stock Exchange (excluding the financial industry sector),
2) a fiscal year ending in March, 3) having all necessary variables for the inference and
4) having non-negative net assets (book value) and one-year-ahead ROE forecast.10 The
sample period is from January 2002 to May 2015, and thus there are 161 single-month
periods. There are 500–650 sample firms for each sample period. Data sources for
financial statements, analyst forecasts and stock markets were NIKKEI NEEDS, IFIS
and Bloomberg, respectively. Detailed information on these data sources, compilation
methods and descriptive statistics of the input variables are provided in Appendix 2.

For the statistical inference, we assume that financial variables for account settle-
ments in March for the previous fiscal year were disclosed in June of the current fiscal
year. Variables for the year before the previous fiscal year are input for estimation of
the COE in April and May, and variables for the previous fiscal year are input for es-
timation of the COE from June through the following March. The most recent ROE
forecasts for the previous fiscal year’s results of account settlement are input for esti-
mation of the COE in April, and the most recent forecasts for the same fiscal year’s
................................
10. Negative one-year-ahead earnings forecasts contradict model assumptions that earnings grow at the same rate

over the horizon. On the other hand, we consider firms with negative ROE forecasts and ex post negative
residual incomes in our estimation, because it is consistent with our idea that earnings and COE (volume)
grow at the same rate. Our idea thus conceptually admits negative residual income if the firm’s COE (rate) is
greater than the firm’s ROE.

9



Table 1 Steps for Estimation and Statistical Tests

results are input for estimation from May to the following March.11 The forecasts used
for our estimation are updated on a monthly basis.

C. Steps for Estimation and Statistical Tests
Estimations and statistical tests are conducted by the following processes (Table 1).
First, QML approach is applied assuming homoscedasticity. We then apply the
Breusch–Pagan test (Breusch and Pagan [1979]) for the calculated ex post errors. If
this test detects heteroscedasticity, we re-apply QML approach with the weighting
matrix calculated from information on the ex post errors. The appropriate method for
calculating the standard errors of the estimators depends on whether each error follows
a normal distribution. We then apply the Jarque–Bera test (Jarque and Bera [1980,
1981, 1987]) to examine normality of the errors. When non-normality is detected, the
standard errors and t-values are calculated based on White (1994).12 Otherwise, we
calculate the standard errors and t-values based on the calculation method for the max-
imum likelihood estimators. These procedures are repeated for each sample period.

D. Estimation of Market-, Industry-, and Individual-based Cost of Equity
1. Market- and industry-based cost of equity
The QML approach is applied to estimate the market-based COE (RE,t), assuming that
all firms share the same COE (RE,t = Ri

E,t ,∀i).13 Then we interpret the estimates.
We also estimate the industry-based COE for industry sectors with more than twenty

................................
11. This input rule causes a discrepancy of the timing between inputs for financial variables (results for the year

before the previous fiscal year) and inputs for analyst forecasts (forecasts on the results for the previous fiscal
year). Even so, no modification is performed, because the modified results (e.g., correction of forecast values
using historical payout ratios) are not critically different from unmodified ones.

12. The asymptotic normality theorem of the QML estimator is applied to calculate t-values, because we have
more than 500 samples. Nonetheless, the number of the samples might be too few to ensure accuracy of the
approximation values about the true distribution of the QML estimator. Other calculation methods such as
bootstrap methods may therefore be more appropriate.

13. Individual firms’ COE (Ri
E,t) and the expected earnings growth rate (gi

E,t) are estimated with the assumptions
RE,t = Ri

E,t , gE,t = g
i
E,t ,∀i ∈ {1, . . . , N}, based on the optimization problem given by equation (13). When the

expected earnings growth rate (gE,t) and the expected excess earnings duration (τt) are simultaneously iden-
tified with COE (RE,t), the combination of gE,t and τt may not be uniquely identified. We therefore conduct
other estimations: simultaneously identifying RE,t and τt by exogenously inputting gE,t , and simultaneously
identifying RE and gE,t by exogenously inputting τt .
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firms in the sample within the industry. The industry classification basically follows
the 33 Tokyo Stock Exchange industry sectors, but we merge industries which few
firms belongs to the sample into a similar industry (see Appendix 3 for details). The
estimates of the industry-based COE are described in Appendix 4.
2. Individual-based cost of equity
a. Selection of the determinants of the COE and expected earnings growth rate
In the empirical finance literatures, cross-sectional variations in the expected stock re-
turns of individual firms tend to be effectively explained by 1) market beta (βMkt), 2)
book-to-market value factor beta (βHML), 3) market cap factor beta (βS MB), 4) earn-
ing/price ratio (E/P) or 5) financial leverage (market value basis)14 (e.g., Fama and
French [1992]). Studies on Japan’s equity markets report that 4’) cash-flow/price ratio
(C/P) has a strong interrelation with differences in individual firms’ expected stock re-
turns (Chan, Hamao, and Lakonishok [1991]). Further, many studies have found that
6) dividend/price ratio (D/P) has a stronger interrelation with expected stock returns
(Campbell and Shiller [1988], Kothari and Shanken [1997], Stambaugh [1999], Camp-
bell and Yogo [2006], Binsbergen and Koijen [2010], Bilson, Kang, and Luo [2015],
Maio and Santa-Clara [2015]). Following the existing research, six variables are se-
lected as candidate attributes of firms determining individual firms’ COE in our model
(Table 2).15

With respect to the attributes determining individual firms’ expected earnings
growth rates, following Nekrasov and Ogneva (2011), industry-based ROE forecasts –
individual-based ROE forecasts16 and ratio of R&D expenses to sales17 are selected.
We assume no large differences among firms’ expected excess earnings durations, and
thus estimated them as a common parameter.
b. Standardization of individual firms’ attributes
As explained above, we assume that the relative values of the firms’ attributes deter-
mine individual firms’ COE. When we transform absolute values to relative values, we
standardize original distributions of the attributes to distributions with mean zero and
variance one. We apply two types of the standardization: 1) standardization among all
firms in the same period (Method 1), and 2) standardization among firms within the
................................
14. According to Fama and French (1992) and Bhandari (1988), there is a positive interrelation between the

market values of financial leverage and expected stock returns and a negative interrelation between the book
values of financial leverage and the returns.

15. There may exist important candidates other than the six variables listed here. For example, in the empiri-
cal finance literature, “stock-price momentum” (the tendency for increasing stock prices to rise further, and
decreasing prices to keep falling) and “stock-return reversal” (the tendency for increasing stock prices to go
down later, and decreasing prices to go up later) have been recently acknowledged as main factors explain-
ing cross-sectional variations in expected stock returns of individual firms. We categorize those variables as
“technical” variables which are derived only from the market variables such as past movement of stock prices
or trading volume of the stocks. In this sense, our research focuses on the “fundamental” variables which are
derived based on the individual firms’ financial variables such as profit, cash flow, dividend and net assets.

16. ROE is reported to have a mean-reverting property (e.g., Fama and French [2000], Healy et al. [2014]), and
it is theoretically hypothesized that firms with higher ROE cannot maintain strong competitive power; in the
long term, the ROE would converge to the mean level. The sign condition on the variable is supposed to be
positive.

17. Ratio of R&D expenses to sales is considered as a representative indicator for measuring a firm’s growth
capability (e.g., Leonard [1971]). We thus adopt the hypothesis that firms with more R&D intensity tend to
grow at higher rates than other firms, despite being affected by the mean-reverting property of ROE. The sign
condition on variables is supposed to be positive.

11



Table 2 Candidate Attributes

Note 1: HML is an abbreviation for high-minus-low. The HML factor is the portfolio returns of the net zero
position composed of the long position on higher book-to-market stocks and the short position
on lower book-to-market stocks.

Note 2: SMB is an abbreviation for small-minus-big. The SMB factor is the portfolio returns of the net
zero position composed of the long position on larger market cap stocks and the short position
on smaller market cap stocks.

Table 3 Standardization of Attributes

same industry at the same period (Method 2; see, e.g., Goodman and Peavy [1983],
Cohen and Polk [1998]). Note that the industry sector classification for industry-based
standardization is the same as estimation of industry-based COE (see Appendix 3).
c. Candidate models
Considering the existing research, candidate models were selected as follows. First,
models with only FF3 factors (Table 4: 1, 4), models with only three financial vari-
ables (2, 5) and models with both FF3 factors and financial variables (3, 6) are the
baseline models. Moreover, since correlations between financial variables (C/P, finan-
cial leverage and D/P) tend to be high (Table 5), we add models eliminating one of the
variables (Table 4: 7–12) to the candidates. Further, we also examine models with E/P
in place of C/P (13–20). Both standardization methods are applied to every candidate
for COE estimation and expected earnings growth rate.
d. Criteria for model selection
Our main model is selected from the candidates listed in (c.), based on the Akaike’s in-
formation criterion (AIC, Akaike [1973])18 or the Bayesian information criterion (BIC,
Schwarz [1978])19, calculated from quasi-likelihoods.
................................
18. Denote the quasi-likelihood by f and the number of explanatory variables by k. Then AIC = −2 ln f + 2k

holds.
19. Define the quasi-likelihood by f, the number of explanatory variables by k, and the number of samples by n.

Then BIC = −2 ln f + k ln(n) holds.
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Table 4 Candidate Models

Table 5 Correlations between Attributes (After Standardization)
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IV. Results

A. Market-based Cost of Equity
1. Cost of equity
Figure 1(a) shows the estimates of market-based COE. The COE values drifted around
5% until the collapse of Lehman Brothers, and the values rose sharply to 8% in 2009,
immediately following that event. Thereafter, values declined suddenly in 2010, but
rose again through 2011–13. This upward movement is connected with the increases in
one-year-ahead ROE forecasts (Figure 1(c)) and with the deterioration of the diffusion
index (Figure 1(d)). Then those movements can be interpreted as the increases of the
risk premium for the uncertainty of future business conditions. After these periods, the
COE peaked in mid-2012, and then values uniformly declined until May 2015 (the last
sample period). Around the same time, equity spreads (ROE forecasts–COE) became
wider because ROE forecasts increased, whereas COE declined sharply (Figure 1(b)).
Therefore, the increase of the stockholder values of the firms caused by widening of the
equity spreads might contribute to the increase of the stock prices during the periods.

The results also show that the standard errors of the estimates were relatively large
until 2006, and these results can be explained by the huge variations in the dependent
variable, price-to-book ratio (PBR), across individual firms while the small variations
in the explanatory variable, forecasted ROE, in these periods (Figure 1(e)). Figure 1(e)
also shows quasi-coefficients of determination (McFadden [1974]), which imply that
values during this period were quite low compared to those in the other periods.
2. Expected excess earnings durations
Regarding estimates of expected excess earnings durations, the time-series average is
around 31 years, and the median is around 22 years20 (Figure 2).21 Therefore, stock
investors might expect excess earnings of each firm to decrease in the future, but the
duration is long (though not infinite).

Estimated duration in 2005–06 were much longer than those in other periods, and
the confidence intervals of the estimates were wide. This possibly occurs because the
estimates of the COE (RE,t) and the expected earnings growth rate (gE,t) had almost the
same values during the periods, and thus the sensitivity of quasi-likelihoods to changes
in the duration (τt) was extremely low.22

................................
20. The mean age of Japanese firms that went bankrupt in 2014 was 23.5 years (Tokyo Shoko Research [2015]).

This measure is for Japanese firms including sole proprietorships and small- and medium-sized enterprises.
Given that the firms listed on the First Section of the Tokyo Stock Exchange are generally blue-chip firms,
their life expectancy should be much longer than 23.5 years, and thus our estimation results (22-year median)
on the expected excess earnings duration are reasonable.

21. These values are longer than findings of five to ten years in the existing research (Sakurai [2010], pp. 289–
296). This discrepancy partly originates from differences in the assumptions on excess earnings in the long-
run equilibrium; existing research estimates trends in the deviation from excess long-term earnings by al-
lowing the value to be positive. In contrast, we explicitly assume zero excess earnings in the long-term
equilibrium (on theoretical grounds) and then estimate the duration of positive excess earnings. Moreover,
there is a difference between COE estimated in our model and that used in Sakurai (2010) (pp. 289–296).

22. When only two variables RE,t and τt are simultaneously identified with the exogenously determined gE,t , the
time-series averages of the estimates for τt are calculated as follows. τt is about 117 years for gE,t = 0.5%,
about 20 years for gE,t = 5%, about 14 years for gE,t = 10% and about 9 years for gE,t = 20%.
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Figure 1 Market-based Cost of Equity (Annual Rate)

3. Expected earnings growth rates
Figure 3 shows estimates for the realized earnings growth rate. The developments in
the estimates have been mostly linked with the realized rate calculated from “statistics
of corporations by industry,” and the average growth rate over the sample period is

15



Figure 2 Expected Excess Earnings Durations

Figure 3 Expected Earnings Growth Rates (Annual Rate)

3.8%.23

B. Individual-based Cost of Equity
1. Selected model
Table 6 shows the adoption rates of each candidate model over the sample period. The
model selection is based on AIC or BIC. According to the table, adoption rates for
each candidate are the same between AIC- and BIC-based selection, and the rate of
candidate model 6 is the largest among the candidates (around 30%).

................................
23. When only two variables RE,t and gE,t are simultaneously identified with the exogenously determined τt , the

time-series averages of the estimates for gE,t are computed as follows. gE,t is about 17% for τt = 10 years,
gE,t is about 1.7% for τt = 25 years, gE,t is about −0.6% for τt = 50 years, and gE,t is about −1.0% for
τt → ∞.
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Table 6 Results of Model Selection

2. Distributions of individual firms’ cost of equity
In this section, we estimate the individual-based COE by employing model 6. Fig-
ure 4(a) compares the averages of the estimated individual-based COE with estimates
of the market-based COE (estimated from the same samples for the estimation of the
individual-based COE), as inferred by model 6. The figure indicates that both values
moved similarly, except for the period 2004–07. Note that variations in PBR across in-
dividual firms during the period was large, although those in ROE forecasts were small
(Figure 4(b)). According to Figure 4(c), the confidence intervals of the market-based
COE are wider than the average of the individual-based COE, implying that it is essen-
tial to consider the heterogeneity across firms even when estimating the market-based
COE.

Figure 5 shows how the distributions of individual firms’ COE changed around the
period of recent financial crisis. The tails of the distributions apparently expanded im-
mediately after the collapse of Lehman Brothers. Thereafter, the tails shrunk as the
financial markets regained stability. These observations may imply a causal relation
in which the variations of individual firms’ COE increase when investors experience
financial crises and consequently become more sensitive to risk.24 In terms of distri-
butions of the equity spreads (ROE forecasts minus COE), the variations of the equity
spreads increased and more than half of all firms had negative spreads. The increase
in the COE might have increased the number of firms facing negative spreads, and
consequently depressed stock prices significantly.

Similarly, Figure 6 shows how the distributions in individual firms’ COE changed
around the introduction of the Bank of Japan’s quantitative and qualitative monetary
easing (QQE). The figure indicates that the distribution means became smaller and
................................
24. Another possible explanation is an increase in liquidity premiums. However, stock market turnovers (vol-

umes) in the First Section of the Tokyo Stock Exchange increased by around 25% in October 2008 compared
with June 2007, and that number had declined by about –20% in July 2009 compared with October 2008.
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Figure 4 Individual-based Cost of Equity
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Figure 5 Distributions of COE around the Global Financial Crisis

Figure 6 Distributions of COE around the Introduction of QQE

the distribution tails thinned around the introduction of the QQE.25 Regarding equity
spreads, the distributions moved in parallel to the right, significantly decreasing the
number of firms facing negative equity spreads and increasing the number of firms with
more than 10% equity spreads. This occurred partly because the lower COE decreased
firms’ hurdle rates (i.e., levels of ROE for enhancing stock values were lowered).

................................
25. Stock prices in developed countries rose between May 2012 and May 2015, so Japan’s stock markets might

have been affected by global trends. However, the increases in stock price in Japan during these periods
(about +100%) exceeded those in the United States and Europe by around +50%, so we infer that changes in
Japanese firms’ costs of equity occurred partly because of the QQE.
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Figure 7 Estimates of the Premiums on the Betas for FF3 factors

Figure 8 Estimates of the Premiums on the Financial Variables

Figure 9 Estimates of the Premiums on the Financial Variables

3. Relation between cost of equity and firms’ attributes
Figures 7 shows estimates of the premiums (coefficients of the estimates) for the rela-
tive values of exposure to FF3 factors on individual firms’ COE. According to these fig-
ures, premiums did not have positive values in a statistically significant manner through
most periods.

Figures 8 show estimates of the premiums for the relative values of the financial
variables (C/P, financial leverage and D/P) on individual firms’ COE. The estimated
coefficients of C/P and D/P have positive values and are significant in most of the
periods. Financial leverage had statistically significantly positive values before the
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global financial crisis in 2008. Regarding the explanatory power of the variables, before
the crisis, D/P was the best explanatory variable for individual firms’ COE. After the
crisis, C/P determined the COE most effectively.

No coefficients of the explanatory variables for the expected earnings growth rate
were significant non-zero values (Figure 9).
4. Cross-sectional interrelation between cost of equity and expected stock returns
Previous studies on the estimation of the implied COE (e.g., Easton and Monahan
[2005]，Botosan, Plumlee, and Wen [2011], Nekrasov and Ogneva [2011]) use statis-
tical tests to measure the usefulness of COE estimates by examining cross-sectional
interrelations between the estimated COE and the expected stock returns. We ana-
lyze the strength of the cross-sectional interrelation between the estimated COE and
expected stock returns by constructing two portfolios based on the COE estimated by
model 6 and by examining the sign and the statistical significance on the averages of the
realized stock returns (details are explained in the following subsections). We also ap-
ply the same tests for the estimates of existing implied COE models and compare the
results with those of our estimators (see Appendix 5 regarding details and estimated
COE in existing models).

The following results show that our estimates of the firms’ COE inferred by model
6 have a positive relation with expected returns on their stocks, and that the relation is
stronger than those obtained with existing models (residual income models and abnor-
mal earnings growth models).
a. Factor-mimicking portfolio analysis
As a first step in examining the cross-sectional interrelation between the estimated COE
and the expected stock returns, the following linear model is estimated at each period.

Ri
t+1 = αt + μtR

i
E,t + ε

i
t+1, ∀i, t. (15)

Here, Ri
t+1 is the monthly stock returns of firm i between t and t + 1, and Ri

E,t is the
COE of the firm i estimated at period t.

Regarding the estimation of parameters αt and μt (for which estimators are denoted
by α̂t and μ̂t, respectively), cross-sectional ordinary least squares by Fama and Mac-
Beth (1973) (FM-OLS) is applied at each period t (∈ {1, . . . , T }), and the sign and the
statistical significance of μ = (1/T )

∑T
t=1 μ̂t are examined.26 The estimates of μt, given

as μ̂t, could be interpreted as realized portfolio returns between t and t + 1 when the
zero-cost position following a tilt strategy with the individual firms’ COE (Ri

E,t) (i.e.,
a relative strength strategy based on the individual firms’ COE) is constructed at each
period t. This position is called the factor-mimicking portfolio.

We next examine the strength of the positive cross-sectional interrelation between
the COE estimates and expected stock returns by considering whether the estimates
of FM-OLS (μ) has a significantly positive value.27 As a complementary analysis,
pooled OLS of equation (15) with all cross-sectional and time-series data is conducted

................................
26. The standard errors and the t-value are calculated as σμ =

√
∑T

t=1(μ̂t − μ)2/T (T − 1) and μ/σμ, respectively.

27. Bounded-influence estimation (e.g., Beaton and Tukey [1974]) with an efficiency of 95% is applied for the
cross-sectional OLS in each period.
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in addition to FM-OLS. Heteroscedasticity-robust standard errors (White [1980]) are
applied to the calculation of t-values.

Table 7 shows the test results. The t-value of model 6 is 5.58, so the null hypoth-
esis (μ = 0) is rejected even at the 1% significance level. Moreover, the results of the
pooled OLS also show that the t-value of model 6 is 4.50, and thus the null hypothesis
(μ = 0) is rejected even at the 1% significance level. These results imply a statisti-
cally significantly positive relation between the COE estimates of our model and the
expected stock returns.28

No existing model has a positive relation at the 1% level of significance between
COE estimates and expected stock returns in both FM-OLS and pooled OLS analyses.
b. Quintile portfolio analysis
In the FM-OLS analysis, the portfolio weights are calculated from the relative values
of the individual firms’ COE (i.e., duplicating relative-strength strategy). It is thus pos-
sible that the stock returns of firms having high COE cause strong impacts on portfolio
performance.29 To complement the weakness of the FM-OLS in this analysis, a port-
folio with an equal weight for all stocks is constructed, and the portfolio returns are
calculated to examine the cross-sectional interrelation between the estimated COE and
the expected stock returns. Details of this process are described below.

First, the stocks of individual firms are categorized into five groups (first through
fifth quintiles) in descending order, based on the levels of the estimated COE at the
end of June 2002. The equal-weighted investments to each group and firms within
each group are assumed. The portfolios are rebalanced by duplicating buy and hold
strategies with one-year maturity at the end of June every year until 2015. Differences
between the realized first-quintile and fifth-quintile portfolio returns are calculated each
month. Finally, the sign and statistical significance of differences in the time-series
mean between the first and the fifth quintile are examined by t-tests.

Table 8 shows the results of the quintile portfolio analysis. The t-value of the time-
series differences in the first-fifth quintile portfolio returns of model 6 is 2.96, and this
value is less than the value in the factor mimicking portfolio analysis. Even so, it still
has a statistically significantly positive value at the 1% significant level, suggesting a
positive cross-sectional interrelation between the COE estimated with our model and
the expected stock returns. Moreover, the cross-sectional interrelation is stronger than
for the COE estimated with the existing models.

In contrast, with respect to the existing models, no model shows a positive relation
between the estimates of the COE and the expected returns on stock prices.
................................
28. This analysis uses the estimated COE as the explanatory variables, so explanatory variables include the errors

and biases. Therefore, the estimates of μt (μ̂t) may have downward biases compared to the true values (μt),

as do the t-values of μ̂t . However, the denominators of the t-values (μ/σμ), σμ =
√
∑T

t=1(μ̂t − μ)2/T (T − 1),
contain upward biases from the errors and biases in COE, although they also suffer from the downward biases
in μ̂t . Then, the downward biases in the denominators are smaller than the biases in the nominators (μ̂t), so the
t-values calculated here include downward biases as compared to the true (unbiased) t-values. The downward
biases in the t-values indicate that the results of the t-tests in our analyses are robust even after considering
the effects of the errors-in-variables problem only if the results indicate the significances. Besides, in terms
of pooled OLS, it is well known that the errors-in-variables problem causes downward biases on t-values, and
thus the results of t-tests are robust only if the results indicate significance for the same reason as above.

29. Further, quintile portfolio analysis is one of the solutions to the errors-in-variables problem in FM-OLS anal-
ysis.
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V. Conclusion

On the basis of the residual income model, we propose a statistical model for infer-
ring the implied COE from cross-sectional data on stock prices and firms’ attributes.
The model is estimated using a quasi-maximum likelihood approach to simultaneously
identify the COE, expected earnings growth rates, and expected excess earnings dura-
tions of individual Japanese firms listed on the First Section of the Tokyo Stock Ex-
change (excluding the financial industry sector).

The estimation results show that the individual firms’ attributes, such as indus-
try sector, cash-flow/price ratio, and dividend/price ratio, are key determinants of the
COE. Besides, we find that the cross-sectional distribution of individual firms’ COE
has changed over time, which suggests that it is crucial to take account of market con-
ditions and financial situations of the firms in the estimation. Moreover, our estimates
of the firms’ COE have a positive relation with expected stock returns on their stocks,
and the relation is stronger than those obtained with existing models.

APPENDIX 1: ASYMPTOTIC DISTRIBUTION OF QML ESTIMATOR

This appendix briefly illustrates an asymptotic distribution of the QML estimator, based
on White (1994). Denote by θ the true parameter of the estimator, and by θ̂QML

N
the QML estimator of N samples. Further, define the logarithm quasi-likelihoods as
ln f ({εn}Nn=1) and the errors in each sample as εn. Then, θ̂QML

n asymptotically follows
the standard distribution given as

√
N(θ̂QML

N − θ)→ N(0, A−1BA−1),

where A and B are defined as

A = − 1
N

N∑

n=1

E

⎛
⎜⎜⎜⎜⎝
∂2 ln f ({εn}Nn=1)

∂θ∂θ
′

⎞
⎟⎟⎟⎟⎠.

B =
1
N

N∑

n=1

E

⎛
⎜⎜⎜⎜⎜⎜⎝

⎡
⎢⎢⎢⎢⎣
∂ ln f ({εn}Nn=1)

∂θ

⎤
⎥⎥⎥⎥⎦

⎡
⎢⎢⎢⎢⎣
∂ ln f ({εn}Nn=1)

∂θ

⎤
⎥⎥⎥⎥⎦

′⎞
⎟⎟⎟⎟⎟⎟⎠.

From the asymptotic distribution indicated above, the standard errors of the QML
estimator are calculated as the square roots of the diagonal elements of the matrix
1
N A−1BA−1.
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APPENDIX 2: SOURCES, COMPILATION, AND DESCRIPTIVE
STATISTICS OF INPUT DATA

Table A-1 Sources and Complication of Input Data
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APPENDIX 3: INDUSTRIAL CLASSIFICATION

Table A-4 Tokyo Stock Exchange Industry Sectors and Those in Our Research

Note 1: Our industry classification is based on the 33 Tokyo Stock Exchange industry sectors, but we
merged industries which has few firms in the sample into similar industries.

Note 2: Firms in the financial industry sector is excluded from the samples.
Source: Securities Identification Code Committee (2003)
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APPENDIX 5: OVERVIEW, METHODOLOGY, AND COST OF EQUITY
OF EXISTING MODELS

A. Residual Income Models
A variety of residual income models have been proposed following the Edward–Bell–
Ohlson model (Edward and Bell [1961], Ohlson [1991, 1995], Bernard [1995]). We
select two representative models for comparative analysis, those by Gebhardt, Lee,
and Swaminathan (2001) and Claus and Thomas (2001).30 In the following, COE is
denoted by x.
1. Gebhardt, Lee, and Swaminathan (2001)
In this model, forecasts of one-to-three-years-ahead ROE are input as proxies for in-
vestors’ ROE forecasts. Regarding 4–12-years-ahead ROE forecasts of investors, the
ROE are estimated under the assumption that the ROE uniformly decreases from the
levels of three-years-ahead ROE to the median of the ROE within the industry. The
industry median ROE is obtained by calculating the time-series median of the cross-
sectional median in each year, and the expected earnings growth rate is calculated from
historical dividend ratios and the clean surplus relation. In our estimation, since the
availability of data is insufficient to apply exactly the same methodology as Gebhardt,
Lee, and Swaminathan (2001), the cross-sectional median of the previous year’s ROE
in the industry is used instead of the time-series median of the cross-sectional median.
In the following equation, the τ-years-ahead ROE forecast is denoted by FROEτ.

P0 =B0 +

{FROE1 − x
1 + x

}
B0 +

{
FROE2 − x

(1 + x)2

}

B1

+

11∑

τ=3

{
FROEτ − x

(1 + x)τ

}

Bτ−1 +

{
FROE12 − x

x (1 + x)11

}

B11. (A-1)

2. Claus and Thomas (2001)
In this model, forecasts of one-to-five-years-ahead ROE are input as proxies for in-
vestors’ ROE forecasts, and the level of the five-years-ahead ROE is assumed to con-
tinue thereafter. The expected earnings are assumed to grow at the long-term expected
inflation rates. Due to limited data availability, only forecasts of the one-to-three-years-
ahead ROE are input as proxies for investors’ ROE forecasts, and the level of the three-
years-ahead ROE is assumed to continue forever. Moreover, the expected earnings are
assumed to grow at the five-years backward-moving averages of the consumer price
index (π).

P0 = B0 +

5∑

τ=1

{
FROEτ − x

(1 + x)τ

}

Bτ−1 +

{
(FROE5 − x)(1 + π)

(1 + x)5 (x − π)
}

B4. (A-2)

................................
30. Regarding COE estimates of Gebhardt, Lee, and Swaminathan (2001) and Claus and Thomas (2001), when

a COE is obtained as a complex number, that COE is eliminated from the COE estimates for calculating the
average COE of all firms and applying statistical tests to examine the cross-sectional interrelation between
COE and expected stock returns.
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B. Abnormal Earnings Growth Models
Ohlson and Juettner-Nauroth (2005) proposed abnormal earnings growth models,
based on residual income models. Abnormal earnings growth models assume that the
theoretical value of stocks equals the earnings expected in the next period plus the
present values of the abnormal earnings in the future. In contrast, residual income
models assume that the theoretical values of stocks equal the book values at the period
plus the present values of the residual incomes in the future. Therefore, in abnormal
earnings growth models, COE does not depend on the “book value”; it is implied from
expected earnings, expected dividends and stock prices. In our estimation, the COE
estimated with the models of Ohlson and Juettner-Nauroth (2005) and Easton (2004)
are compared with that estimated from our model.31 The i-period-ahead expected
earnings per share are denoted by FEPS τ, and dividends per share are denoted by
DPS τ in the following equation.
1. Ohlson and Juettner-Nauroth (2005)

x = A +

√

A2 +
FEPS 1

P0

(
ΔFEPS 2

FEPS 1
− 0.03

)

.

A =
1
2

(

0.03 +
DPS 1

P0

)

.

(A-3)

2. Easton (2004)
Easton (2004) suggests three types of models, as follows.
a. Modified PEG ratio

x =

√
FEPS 2 + xDPS 1 − FEPS 1

P0
. (A-4)

b. PEG ratio

x =

√
FEPS 2 − FEPS 1

P0
. (A-5)

c. EP ratio

x =
FEPS 1

P0
. (A-6)

C. Comparison of Our Model with Existing Models
Table A-6 compares our model with the existing models.

D. Estimates of Cost of Equity in Existing Models
The COE in existing models is estimated from the same samples of our model. Then,
the COE levels and the results of statistical tests on the cross-sectional interrelation
................................
31. In the COE estimated from Ohlson and Juettner-Nauroth (2005), negative values inside the square root are

replaced by zero. Similarly, regarding COE estimates from Easton (2004), if the two-years-ahead forecast
minus the one-year-ahead forecast is negative, then zero is assigned to the variable.
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Table A-6 Features of Our Model

Note: CSR stands for clean-surplus relation.

between the COE and the expected stock returns are compared to those of our model.
As a result, the COE estimates of our model are slightly higher than those of existing
residual income models, and higher than those of existing abnormal growth models.32

The COE estimates of existing models are inferred by solving equations for each firm
separately, and COE in Figure A-1 and Table A-7 is obtained as the average of the in-
dividual COE. The exception is Huang, Natarajan, and Radhakrishnan (2005),33 which
estimates COE by OLS.

................................
32. The differences between the COE estimated with our model and the COE estimated with existing residual

income models originate in the differences in the values of the expected earnings growth rates. In the existing
models, the rates are exogenously input, but the input data is much greater than the rates estimated with
our model (under the assumption of infinite expected excess earnings durations). Regarding the EP ratio by
Easton (2004), the COE estimates do not decline when the COE estimated with our models decrease because
stock price rises entail the improvements of the expected earnings.

33. Estimates of the COE are provided as reference values since this paper is representative research proposing
simultaneous estimation of the COE and the expected earnings growth rate. However, in the paper, the COE
is assumed to be time-invariant, and thus the COE is not compared to that of our model. Note that the COE
is estimated by assigning assumptions differing from the original model in that the individual-based COE is
assumed to be time-variant, but individual-based COE is assumed to be the same across firms (in original
model, the individual-based COE is assumed to be time-invariant, but individual-based COE is assumed to
differ across firms).

33



Figure A-1 Average of Individual-based COE
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Table A-7 Descriptive Statistics of the Averages of Individual-based COE

Note: Values for each year are averages of estimates from January to December of that year.
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