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Abstract The growth rate plays an important role in determining a firm’s asset and
equity values, nevertheless the basic assumptions of the growth rate estimation model are
less well understood. In this paper, we demonstrate that the model makes strong as-
sumptions regarding the financing mix of the firm. In addition, we discuss various methods
to estimate firms’ growth rate, including arithmetic average method, geometric average
method, compound-sum method, continuous regression method, discrete regression
method, and inferred method. We demonstrate that the arithmetic average method is very
sensitive to extreme observations, and the regression methods yield similar but somewhat
smaller estimates of the growth rate compared to the compound-sum method. Interestingly,
the ex-post forecast shows that arithmetic average method (compound-sum method) yields
the best (worst) performance with respect to estimating firm’s future dividend growth rate.
Firm characteristics, like size, book-to-market ratio, and systematic risk, have significant
influence on the forecast errors of dividend and sales growth rate estimation.
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1 Introduction

In security analysis and portfolio management, growth rate estimates of earnings, divi-
dends, and price per share are important factors in determining the value of an invest-
ment or a firm. One of the most highly used valuation models is that developed by
Gordon and Shapiro (1956) and Gordon (1962) known as the dividend growth model.
These publications demonstrate that the growth rate is found by taking the product of the
retention rate and the return on equity. In this paper, we evaluate several methods
suggested in the literature on estimating growth rates (e.g. Lee et al. 2009, 2012, 2013;
Ross et al. 2012).

We examine various methods to estimate firms’ growth rate, including arithmetic av-
erage method, geometric average method, compound-sum method, continuous regression
method, discrete regression method, and inferred method. To compare various estimation
methods, we empirically obtain historical dividend growth rates of all dividend paying
companies in U.S. using the various estimation methods suggested in the literature. We
find that the arithmetic average method is sensitive to extreme values and has an upward
bias, resulting in a larger estimated dividend growth rates in comparison to all of the other
methods. We also estimate sales growth rates for companies listed in three major U.S.
stock exchanges and find that internal growth model and sustainable growth model yield
relative conservative estimations.

The fact that one obtains varying estimates from different estimation methods indicates
that choosing an appropriate method to estimate a firm’s growth rate can yield a more
precise estimation and be helpful for the security analysis and valuation. However, all of
these methods use historical information to obtain growth estimate. To the extent that the
future may differ from the past, we will ultimately determine the efficacy of any of these
methods. We therefore conduct an ex-post forecast to examine the performance of various
estimation methods in predicting firm’s dividend growth rates and sales growth rates.
Results of the ex-post forecast show that, for dividend growth rate estimations, the
arithmetic average method is consistently and significantly superior to the other methods,
and the continuous regression method performs the worst during the sample period be-
tween 1980 and 2012. For sales growth rate estimations, arithmetic average method,
internal growth and sustainable growth model perform well, while compound sum method
yields the worst estimation. We also find that applying those estimation methods to forecast
dividend growth rate faces a challenge in recent years after 2005. We further investigate
the determinants of the forecast errors and find that estimation models fail to forecast
dividend growth rate and sales growth rate for small firms, illiquid firms, value firms, and
firms with higher systematic risk.

This paper is organized as follows. Section 2 reviews the growth estimation literature
beginning with the Gordon and Shapiro model (1956). The inherent assumptions of the
model and implied methods to estimate the growth rate are discussed. Section 3 em-
pirically applies various methods to estimate growth rates. Section 4 presents ex-post
forecasts to compare forecast errors for various estimation methods. Concluding remarks
appear in Sect. 5.
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2 Literature review

In this section, we review both the theoretical and empirical methods to estimate growth
according to the literature.! The traditional academic approach to evaluate a firm’s equity
is based upon the constant discount rate method. The value of equity can be directly found
by discounting the dividends per share by the cost of equity, or more formally:

Value of Common Stock (Py) = Z A+ (1)
=1

where d; is the dividend per share at time 7. Boudreaux and Long (1979) and Chambers
et al. (1982) demonstrate that assuming a constant discount rate as assumed in Eq. (1)
requires a financial strategy whereby the level of debt is a constant percentage of the value
of the firm.”
If we assume that dividends per share grow at a constant rate g, then Eq. (2) is reduced
to the basic dividend growth model’:
d

Poz(r—g)' @

Gordon and Shapiro (1956) demonstrates that if b is the fraction of earnings retained within
the firm, and r is the rate of return the firm will earn on all new investments (defined as
ROE), then g = br.? Generally, practitioners define ROE as the ratio of the Net Income to
the end of year Stockholders Equity. Here we are defining ROE as the ratio of the Net
Income to the beginning of the year Stockholders Equity.” An investor can use Eq. (2) to
obtain the theoretical stock price assuming the investor can empirically estimate next
year’s dividend per share, the firm’s long-term growth rate, and the rate of return stock-
holders require (perhaps using the CAPM to estimate r) for holding the stock. Stocks that
have theoretical prices above actual price are candidates for purchase; those with theo-
retical prices below their actual price are candidates for sale or for short sale.

The internal growth model assumes that the firm can only finance its growth by its
internal funds. Consequently, the cash to finance growth must come from only retained
earnings, and the use of cash represented by the increase in assets must equal the change in
the level of retained earnings. The internal growth rate can therefore be presented as®:

b x ROA

-~ 3
1—bx ROA’ 3)

where ROA is the return on assets. The internal growth rate is the maximum growth rate

that can be achieved without debt or equity kind of external financing. However, as Brick
et al. (2014) note, this assumption of not issuing new debt or common stock to finance

! For a more detailed survey of the literature, see Brick et al. (2014).

2 See Brick and Weaver (1984, 1997) concerning the magnitude of error in the valuation using a constant
discount rate when the firm does not maintain a constant market based leverage ratio.

3 Gordon and Shapiro’s (1956) model assume that dividends were paid continuously and hence
=d/(r—g).
4 Earnings in this model are defined using the cash-basis of accounting and not on an accrual basis.

5 Baucus et al. (1993) and Brick et al. (2012) demonstrate that the practitioner’s definition is one of the
sources for the Bowman Paradox reported in the Organization Management literature.

% For a clear presentation of the internal growth rate, see Ross et al. (2010) and Brick et al. (2014).
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growth is inconsistent with the basic assumption of the constant discount rate models that
the firm maintains a constant market based leverage ratio. Hence, this model should not be
used to estimate the growth rate and be employed by the Gordon’s growth model.

Higgins (1977, 1981, 2008) developed a sustainable growth model assuming that firms
can generate new funds by using retained earnings or issuing debt, but not issuing new
shares of common stock. Assuming a company is not raising new equity, the cash to
finance growth must come from retained earnings and new borrowings. Further, because
the company wants to maintain a target debt-to-equity ratio equal to L, each dollar added to
the owners’ equity enables it to increase its indebtedness by $L. The use of cash repre-
sented by the increase in assets must equal the two sources of cash (retained earnings and
new borrowings). Higgins (1977, 1981, 2008) demonstrates that one can estimate the
growth rate as equal to the growth rate of sales. Consequently,

g_AS

s
_ pb(1+1L) ()
T —pb(1+1L)’

where T is the ratio of total assets to sales. In Eq. (4), AS/S or g is the firm’s sustainable
growth rate assuming no infusion of new equity.

Growth and its management present special problems in financial planning. According
to Eq. (4), a company’s growth rate in sales must equal the indicated combination of four
ratios, p, b, L, and T. In addition, if the company’s growth rate differs from g, one or more
of the ratios must change. For example, suppose a company grows at a rate in excess of g,
then it must either use its assets more efficiently, or it must alter its financial policies.
Efficiency is represented by the profit margin and asset-to-sales ratio. It therefore would
need to increase its profit margin (p) or decrease its asset-to-sales ratio (7) in order to
increase efficiency. Financial policies are represented by payout or leverage ratios. In this
case, a decrease in its payout ratio (1 — b) or an increase in its leverage (L) would be
necessary to alter its financial policies to accommodate a different growth rate. From a
financial perspective, growth is not always a blessing. Rapid growth can put considerable
strain on a company’s resources, and unless management is aware of this effect and takes
active steps to control it, rapid growth can lead to bankruptcy. In other words, it should be
noted that increasing efficiency is not always possible and altering financial policies are not
always wise.

If we divide both numerator and denominator of Eq. (4) by T and rearrange the terms,
then we can show that the sustainable growth rate can be shown as

_AS

s

_ pb(1 +L)/T
1-pb(1 + L)/T
_ b x ROE

" 1—-bxROE’

8

Please note that, in the framework of internal growth rate and sustainable growth rate
presented above, the source of cash are taken from the end of period values of assets and
assumed that the required financing occurs at the end of the period. However, Ross et al.
(2010) show that if the source of cash is from the beginning of the period, the relationship
between the use and the source of cash can be expressed for the internal growth model as
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AST = pSb and for the sustainable growth model, AST = pbS + pbSL. Such relationship
will result an internal growth rate of » x ROA and a sustainable growth rate of b X ROE.

Note that the intent of the Higgins’ sustainable growth rate allows only internal source
and external debt financing. Chen et al. (2013) incorporate Higgins (1977) and Lee et al.
(2011) frameworks, allowing company to use both external debt and equity, and derive a
generalized sustainable growth rate as

_ bxROE AX An X P/E (©)
" 1—bxXROE 1—bxROE’

(1)

where 1 is the degree of market imperfection, An is the number of shares of new equity
issued, P is price per share of new equity issued, and E represents the total equity.

Comparing to Eq. (5), the generalized sustainable growth rate has an additional positive

term, %, when the new equity issue is taken into account. Therefore, Chen et al.

(2013) show that Higgins’ (1977) sustainable growth rate is underestimated because of the
omission of the source of the growth related to new equity issue.

In addition, Chen et al. (2013) theoretically show the existence of specification error of
dividend per share when introducing stochastic growth rate. If a firm’s asset growth rate is
not deterministic, the estimated dividend payouts is measured with error. Their empirical
results show the importance of covariance between the profitability and the growth rate in
determining dividend payouts and provide an alternative explanation of the fact of dis-
appearing dividends over decades.

Instead of relying on financial ratios to estimate firm’s growth rates, one may use
statistical methods to determine firm’s growth rates. A simple growth rate can be estimated
by calculating the percentage change in earnings over a time period, and taking the
arithmetic average. For instance, the growth rate in earnings over one period can be
expressed as:

E —Ei—
g =—-". 7
! Ei ( )
The arithmetic average is given by
I
8= 0 Z 8- (8)
=1

The arithmetic average growth rate method ignores compounding. Consequently, we
can obtain an estimate of the growth rate by solving for the compounded growth rate:

X, =Xo(1+g), 9)

1
Xi
=(=) -1, 10
= (3) (10

where X, is the measure in the current period (measure can be sales, earnings, or divi-
dends); and X; is the measure in period ¢. This method is called the (discrete) compound-
sum method of growth-rate estimation. For this approach to be consistent with the dividend
growth model, the duration of each period (e.g., quarterly or yearly) must be consistent
with the compounding period used in the dividend growth model.

or
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Another method of estimating the growth rate uses the continuous compounding pro-
cess. The concept of continuous compounding process can be expressed mathematically as

Xt :X()egt. (11)

Equation (10) describes a discrete compounding process and Eq. (11) describes a con-
tinuous compounding process. The relationship between Eqs. (10) and (11) can be illus-
trated by using an intermediate expression such as:

g mt
x,:xo(1+—) , (12)
m

where m is the frequency of compounding in each year. If m = 4, Eq. (12) implies a
quarterly compounding process; if m = 365, it describes a daily process; and if m ap-
proaches infinity, it describes a continuous compounding process. Thus Eq. (11) can be
derived from Eq. (12) based upon the definition

1 m
lim (1 +—> =e. (13)
m—o0 m
Then the continuous analog for Eq. (12) can be rewritten as
) . g mt
lim X; = lim Xo(l +—>
m—00 m—0o0 m

o im (1+51) e (14)

:X()egt.

Therefore, the growth rate estimated by continuous compound-sum method can be ex-

pressed by

1. X
In=t

g=-

: 1
"%, (15)

If you estimate the growth rate via Eq. (15), you are implicitly assuming the dividends are
growing continuously consistent with the Gordon and Shapiro’s (1956) growth model,
P() :d()/(r*g)

To use all the information available to the security analysts, two regression equations
can be employed. The first regression equation can be derived from Eq. (10) by taking the
logarithm on both sides of equation yields:

InX, =InX, +¢In(l + g). (16)

If Eq. (16) can be used to estimate the growth rate, then the antilog of the regression slope
estimate would equal the growth rate. The second regression equation is based upon the
continuous growth Eq. (11). Taking the logarithm on both sides of the equation yields:

InX, =InX, + gt. (17)

Both Eqgs. (16) and (17) indicate that X,, is linearly related to #; and the growth rate can be
estimated by the ordinary least square (OLS) regression. For example, growth rates for EPS
and DPS can be obtained from an OLS regression by using
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EPS
() ~var e oo
and
DPS;
1 =by+b,T 19
n<DPSO) 0 + 011 + &, (19)

where EPS, and DPS, are earnings per share and dividends per share, respectively, in
period ¢, and T is the time indicators (i.e., T = 1, 2, ..., n). We denote d; and Z;l as the
estimated coefficients for Eqs. (18) and (19). The estimated growth rates for EPS and DPS,
therefore, are exp(d;) — 1 and exp(Z;I) — 1 in terms of discrete compounding process and
d, and by in terms of continuous compounding process.

Finally, Gordon and Gordon (1997) suggest that one can infer the growth rate using the
dividend growth model. In particular, the practitioner can use regression analysis to cal-
culate the beta of the stock and use the CAPM to estimate the cost of equity. Since

_do(1+g)

=09

(20)
and the price of the stock is given by the market, the cost of equity is obtained using the
CAPM, and dy and the current dividend is known, one can infer the growth rate using
Eq. (20). If the inferred growth rate is less than the practitioner’s estimate, then the
recommendation will be to buy the stock. On the other hand, if the inferred growth is
greater than the practitioner’s estimate, the recommendation will be to sell the stock.
However, it should be noted that the explanatory power of the CAPM to explain the
relationship between stock returns and risk has been extensively questioned in the lit-
erature. See for example, Fama and French (1992).

3 Estimations for various growth rates

In this section, we provide empirical tests to assess the accuracy of the methods listed in
the previous section in estimating the growth rate. We first will provide an example of two
companies to provide additional insights into the estimation problems that might occur.
Next, we summarize the results of estimating the growth rates for public stocks on US
exchanges. Finally, we present the results of an ex-post forecast to examine how well of
each growth model in predicting firm’s dividend growth rates.

3.1 Data

To examine the efficacy of various growth rate estimation methods, we collect firm in-
formation from Compustat, including cash dividends, sales, net income, total asset, total
equity, etc. We also collect price and turnover data from CRSP to obtain firm’s size,
turnover, and beta. Companies listed on NYSE, AMEX, or NASDAQ with data available
from Compustat and CRSP are included in our sample. The sample period is from 1981
through 2012. For the dividend growth rate estimation, we include companies paying cash
dividends at least for ten consecutive years during the sample period. For the sales growth
rate estimation, we include companies with at least ten consecutive positive annual sales
and earnings during the sample period.
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3.2 An example

To compare various estimation methods, we empirically obtain dividends per share, sales,
and net income for Pepsico and Wal-Mart during the period from 1981 to 2010 and
estimate their dividend growth rates and sales growth rates by various estimation methods.
Table 1 shows that Pepsico’s dividend payments range from $0.72 to $4.51, while Wal-
Mart’s dividend payments, between $1.02 and $4.20, exhibiting a steady increase during
the period. In addition, Wal-Mart experiences a faster sales growth than Pepsico does

Table 1 Dividend behavior of firms Pepsico and Wal-Mart

Year T Pepsico Wal-Mart

Dividend per share ($) Sales ($MM) Dividend per share ($) Sales ($MM)

1981 1 3.61 7027 1.73 2445
1982 2 2.40 7499 2.50 3376
1983 3 3.01 7896 1.82 4667
1984 4 2.19 7699 1.40 6401
1985 5 4.51 8057 191 8451
1986 6 1.75 9291 1.16 11,909
1987 7 2.30 11,485 1.59 15,959
1988 8 2.90 13,007 1.11 20,649
1989 9 3.40 15,242 1.48 25,811
1990 10 1.37 17,803 1.90 32,602
1991 11 1.35 19,608 1.14 43,887
1992 12 1.61 21,970 14 55,484
1993 13 1.96 25,021 1.74 67,345
1994 14 222 28,472 1.02 82,494
1995 15 2.00 30,421 1.17 93,627
1996 16 0.72 31,645 1.33 104,859
1997 17 0.98 20,917 1.56 117,958
1998 18 1.35 22,348 1.98 137,634
1999 19 1.40 20,367 1.25 165,639
2000 20 1.51 20,438 1.41 192,003
2001 21 1.51 26,935 1.49 218,529
2002 22 1.89 25,112 1.81 245,308
2003 23 2.07 26,971 2.03 257,157
2004 24 2.45 29,261 2.41 286,103
2005 25 2.43 32,562 2.68 313,335
2006 26 3.42 35,137 2.92 345,977
2007 27 3.48 39,474 3.17 375,376
2008 28 3.26 43,251 3.36 402,298
2009 29 3.81 43,232 3.73 406,103
2010 30 3.97 57,838 4.20 420,016

This table provides dividends per share and annual sales of Pepsico and Wal-Mart during the period from
1981 to 2010
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Table 2 Estimated growth rates for Pepsico and Wal-Mart

Pepsico (%) Wal-Mart (%)

Panel A: Dividend growth rate

Arithmetic average 4.64 8.99
Geometric average 0.99 545
Compound-sum method 0.99 5.30
Regression method (continuous) 0.56 7.04
Regression method (discrete) 0.56 7.29
Gordon’s growth model 9.92 3.59
Panel B: Sales growth rate

Arithmetic average 8.32 19.97
Geometric average 3.21 8.01
Compound-sum method 3.05 7.45
Regression method (continuous) 2.70 7.60
Regression method (discrete) 2.73 7.70
Internal growth model 6.56 2.40
Sustainable growth model 11.20 3.74

This table presents estimated dividend growth rates and sales growth rates for Pepsico and Wal-Mart.
Estimation periods is from 1981 to 2010. Dividend growth rates are estimated by arithmetic average method,
geometric average method, compound-sum method, regression methods in terms of discrete and continuous
compounding processes, and Gordon’s growth model. Sales growth rates are estimated by arithmetic av-
erage method, geometric average method, compound-sum method, regression methods in terms of discrete
and continuous compounding processes, internal growth model, and sustainable growth model

during the sample period. Using the data in Table 1 for Pepsico and Wal-Mart, we can
estimate the growth rates for their respective dividend and sales streams.

Table 2 presents the estimated the dividend growth rates and sales growth rates for
Pepsico and Wal-Mart by arithmetic average method, geometric average method, com-
pound-sum method, and regression methods in terms of discrete and continuous com-
pounding processes. We also estimate their dividend growth rates by Gordon’s growth
model and sales growth rates by internal growth model and sustainable growth model.
Panel A shows estimations of dividend growth rate for Pepsico and Wal-Mart by various
estimation methods. Estimations of dividend growth rates for Pepsico range from 0.56 to
9.92 %, while estimations for Wal-Mart range from 3.59 to 8.99 %. For example, the
arithmetic average estimates the dividend growth rate for Pepsico to be 4.64 %. The
geometric average and compound-sum method provide an estimate growth rate of 0.99 %
for Pepsico. The continuous and discrete regression methods estimate the dividend growth
rate for Pespicao to be 0.56 %.” Finally, the Gordon’s growth model provides an estimate
of 9.92 % for Pepsico. Panel B presents estimations of sales growth rate for Pepsico and
Wal-Mart. Similar to the estimation of dividend growth rate, we find different methods
may result in different sales growth estimations.

There are varying attributes some complications to be aware of when employing the
various empirical estimating methods discussed in the previous section. For example, the

7 The growth rates for Pepsico obtained by continuous and discrete regression methods are not statistically
different from zero.
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arithmetic average is quite sensitive to extreme values. The arithmetic average, therefore,
has an upward bias that increases directly with the variability of the data. Consider the
following situation. Dividends in years 1, 2, and 3 are $2, $4, and $2. The arithmetic
average of growth rate is 25 % but the geometric average of growth rate is 0 %. The
difference in the two average techniques will be greater when the variability of the data is
larger. Therefore, it is not surprising that we find differences in the estimated growth rates
using arithmetic average and geometric average methods for Pepsico and Wal-Mart in
Table 2.

The regression method uses more available information than the geometric average,
discrete compounding, and continuous compounding methods in that the other methods
only take into account the observed growth rates between the first and last period of the
sample. A null hypothesis test can be used to determine whether the growth rate obtained
from the regression method is statistically significantly different from zero or not.®
However, logarithms cannot be taken with zero or negative numbers. Under this circum-
stance the arithmetic average will be a better alternative.

Instead of using historical dividend payments or sales to estimate firm’s dividend
growth rate or sales growth rate, Gordon’s growth model, internal growth model, and
sustainable growth model use information other than dividend and sales, such as retention
rate, ROA, and ROE, to estimate a firm’s growth rates. However, such growth rate esti-
mations are theoretical and all assume that the firm has a constant efficiency and leverage
level.

3.3 Empirical estimates of growth for Public U.S. companies

We further estimate dividend growth rates for companies listed in NYSE, AMEX, or
NSDAQ by various estimation methods including arithmetic average method, geometric
average method, compound-sum method, regression methods in terms of discrete and
continuous compounding processes, Gordon’s growth model, internal growth model, and
sustainable growth model.” Companies included in our sample should have cash dividends
for at least 10 consecutive years during the period from 1981 to 2012. Table 3 shows the
summary statistics for those major characteristics of sample firms, including total assets,
total liability, dividends, sales, net income, ROE, ROA, market capitalization, book-to-
market ratio, and beta coefficient. Panel A of Table 3 presents mean, standard deviation,
maximum, third-quartile, median, first-quartile, minimum of characteristics for all firm-
years during the period from 1981 to 2012. Panel B of Table 3 provide cross-sectional
averages of each characteristics by year.

8 The growth rates for Pepsico obtained by continuous and discrete regression methods are not statistically
different from zero.

® When applying Gordon’s growth model, internal growth model, and sustainable model, additional in-
formation should be obtained, including the required rate of return for equity holders, ROE, ROA, and the
retention rate. As defined by Eq. (2), ROE and ROA are obtained from the ratios of net income of the year to
the book value of common equity and the book value of total assets at the beginning of year. Retained
earnings are computed as one subtract to the ratio of cash dividends to the income before extraordinary
items. We apply Gordon’s growth model with cost of equity by CAPM, in that the CAPM-based cost of
equity is calculated as individual firm’s beta times market risk premium plus risk-free rate. Individual firm’s
beta is estimated over the past three years monthly returns and risk-free rate and market risk premium is
retrieved from Kenneth French’s website, http://mba.tuck.dartmouth.edu/pages/faculty/ken.french/data_
library.html.
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Table 4 Estimated dividend growth rates for U.S. companies

All firms
(2287 firms)

Firms with positive
dividend growth (1898 firms)

Firms with negative
dividend growth
(389 firms)

Panel A. Period: 1981-2012
Arithmetic average
Geometric average
Compound-sum method

Regression method
(continuous)

Regression method (discrete)
Gordon’s growth model
Panel B. Period: 1981-1995
Arithmetic average
Geometric average
Compound-sum method

Regression method
(continuous)

Regression method (discrete)
Gordon’s growth model
Panel C. Period: 1996-2012
Arithmetic average
Geometric average
Compound-sum method

5.13 % (4.92)

2.02 % (9.36)

1.26 % (4.24)
—0.84 % (—4.34)

—0.84 % (—4.34)
2.48 % (5.01)

4.42 % (2.97)
0.26 % (2.07)
0.32 % (2.00)

—1.71 % (—8.10)

—1.69 % (—8.10)
5.11 % (7.01)

5.79 % (3.90)
2.78 % (29.46)
0.04 % (0.31)

9.39 % (4.53)

3.15 % (7.35)

3.07 % (8.86)
—0.40 % (—1.61)

—0.40 % (—1.61)
7.87 % (11.80)

10.53 % (2.67)
231 % (2.96)
0.75 % (4.05)

—1.05 % (—4.42)

—1.05 % (—4.42)
10.53 % (8.23)

8.31 % (5.00)
3.95 % (12.80)
0.85 % (5.79)

—3.50 % (—3.21)
—0.51 % (—1.46)
—2.06 % (—3.79)
—2.98 % (—35.01)

—2.94 % (—35.01)
—3.08 % (—4.20)

—4.80 % (—2.39)
—1.76 % (—3.32)
—0.58 % (—1.99)
—1.92 % (—8.74)

—1.90 % (—8.74)
—1.75 % (—5.50)

—2.30 % (—2.40)
0.67 % (3.37)
—2.44 % (—8.87)

Regression method 1.55 % (4.48) 1.95 % (4.63) 0.38 % (1.64)

(continuous)
Regression method (discrete) 1.56 % (4.48)

0.35 % (0.52)

1.97 % (4.63)
5.29 % (12.27)

0.38 % (1.64)

Gordon’s growth model —3.97 % (—3.30)

This table presents the averages of estimated dividend growth rates for companies by arithmetic average
method, geometric average method, compound-sum method, and the regression methods in terms of discrete
and continuous compounding processes. Sample companies are listed in NYSE, AMEX, or NASDAQ, and
pay cash dividends at least for ten consecutive years during the period from 1981 to 2012. Sample com-
panies are further divided into positive dividend growth firms and negative dividend growth firms in terms of
their arithmetic average growth rates. Panel A exhibits the estimations of whole sample period, while Panels
B and C cover the estimations of the sample period from 1981 to 1995 and 1996 to 2012, respectively.
Values denoted in parentheses are t-statistics on the null hypothesis that the average number is different
from zero

Table 4 shows averages of estimated dividend growth rates for 2287 companies by each
of the different methods described in Sect. 2. Table 4 also dichotomizes the companies by
whether or not they exhibit positive or negative growth firms as measured by their arith-
metic average growth rates. As summarized by Table 4, the arithmetic average provides
the highest estimated growth rates compared to the other methods. This is consistent with
our discussion in the previous section, whereby we noted that the arithmetic average is
sensitive to extreme values and has an upward bias. We also find, for positive growth
companies, estimates from regression methods are less positive (even yield negative
numbers) relative to estimates from arithmetic average, geometric average, and compound-
sum methods, while estimates for negative growth companies from regression methods are
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less negative relative to those from other methods. We therefore demonstrate that, on
average, regression methods yield relatively conservative dividend growth rate estimates as
compared to estimates obtained by arithmetic average, geometric average, and compound-
sum methods. Similar results can be found in two-sub-periods, 1981-1995 and 1996-2012,
presented in Panels B and C of Table 4 respectively.

In addition to estimating dividend growth rates, we can estimate sales growth rates
using the different procedures outlined in Sect. 2. We estimate sales growth rates for
companies listed in NYSE, AMEX, or NSDAQ during the period from 1981 to 2012. We
also estimate sales growth rates for subsamples with positive/negative growth rates. As
shown in Table 5, similar to the results of Table 4, the arithmetic averages yield highest
sales growth rates, geometric average and regression methods obtain relatively lower
growth rates, whereas internal growth model and sustainable growth model have the lowest
sales growth estimations.

4 Ex-post forecasts

We further conduct an ex-post forecast to examine how accurate each of the growth
estimation procedures in predicting firm’s dividend growth rates. For each growth rate
procedure, we forecast the following year’s growth rate of each firm based on previous
10 years data. For example, we estimate the dividend growth rates for individual com-
panies in 1980 fiscal year sample by using their dividend payments from 1970 to 1979.
Same procedures are used to estimate dividend growth rates for each firm-years until 2012.
Table 6 presents the estimated forecast errors and mean square errors for each approach
during the year from 1981 to 2012. As can be discerned by Table 6, the arithmetic error on
average is unbiased. The average error for the entire period is —0.008 and this average is
not significantly different from zero. The continuous regression estimation model exhibits
the greatest average forecast error (0.157) and the error is significantly different from zero.
The significantly positive averages of forecast errors for geometric average method and
continuous regression method show that geometric average method and continuous re-
gression method tend to underestimate a firm’s dividend growth rate.

The mean square errors of arithmetic average and geometric average methods are
relatively small during 1980s, 1990s and early 2000s, and increase after 2006 indicating
that arithmetic average and geometric average methods, on average, can estimate dividend
growth rate for most years, but lose their efficacy during a period of a financial crisis (post
2006). Mean square errors of compound-sum method are relatively stable, though the
magnitude is larger, during the period between 1980 and 2012, but getting worse after
2003. In contrast, continuous regression and discrete regression methods, except 2012,
yield stable mean square errors for the all sample period. The results of time-series
comparison present a serious challenge in recent years for those methods, except for
perhaps the regression methods, in predicting a firm’s dividend growth rate.

Table 7 presents forecast errors and mean square errors in estimating sales growth rates.
Note that we use the sustainable and internal growth models to estimate sales growth rate
and not dividend growth rate. As shown by Brick et al. (2014), the sustainable growth
model is based upon the growth rate of sales. Internal growth rate model will yield the
identical rate as the Gordon’s growth model if one assumes the dividend payout ratio is
constant. However, the internal growth model can also be derived by the framework of
Higgin’s sustainable growth model if we assume there is no external fund can be generated
by the company. In that case, the internal growth rate is the sales growth rate. The
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Table 5 Estimated sales growth rates for U.S. companies

All firms
(5,818 firms)

Firms with
positive sales
growth (5,390 firms)

Firms with negative
sales growth
(428 firms)

Panel A. Period: 1981-2012
Arithmetic average

Geometric average
Compound-sum method
Regression method (continuous)
Regression method (discrete)
Internal growth model
Sustainable growth model
Panel B. Period: 1981-1995
Arithmetic average

Geometric average
Compound-sum method
Regression method (continuous)
Regression method (discrete)
Internal growth model
Sustainable growth model
Panel C. Period: 1996-2012
Arithmetic average

Geometric average
Compound-sum method
Regression method (continuous)
Regression method (discrete)
Internal growth model
Sustainable growth model

20.88 % (25.70)
533 % (25.71)
6.40 % (42.04)
6.73 % (41.16)
7.32 % (41.47)
1.27 % (64.91)
1.82 % (73.88)

27.45 % (19.06)
13.38 % (25.07)
8.06 % (32.98)
8.26 % (30.57)
9.64 % (29.17)
1.55 % (54.85)
2.00 % (56.96)

14.39 % (18.84)
5.14 % (23.74)
422 % (20.78)
430 % (17.41)
5.15 % (20.79)
1.04 % (38.79)
1.68 % (48.95)

22.17 % (26.18)
6.06 % (29.78)
6.96 % (47.53)
7.34 % (46.48)
7.94 % (45.91)
2.19 % (75.31)
3.17 % (84.96)

29.17 % (19.39)
14.90 % (27.73)
8.60 % (35.34)
8.82 % (33.03)
10.16 % (32.73)
2.42 % (59.63)
3.17 % (63.48)

15.60 % (19.27)
5.79 % (27.36)
475 % (23.82)
4.95 % (21.12)
5.74 % (23.41)
1.99 % (48.11)
3.18 % (58.08)

—5.79 % (—3.14)
—8.98 % (—11.89)
—5.31 % (—7.59)
—5.29 % (—7.44)
—4.87 % (—17.36)
—0.03 % (—1.25)
—0.10 % (—3.93)

—6.40 % (—2.09)

—16.65 % (—11.68)

—2.94 % (=2.37)

—2.75 % (—1.72)

—0.59 % (—0.20)
0.16 % (4.87)
0.10 % (2.41)

—5.15 % (—=2.65)
—7.58 % (—6.57)
—6.97 % (—6.05)
—8.51 % (—4.56)
—6.62 % (—5.02)
—0.20 % (—=5.29)
—0.24 % (—=7.33)

This table presents the averages of estimated dividend growth rates for companies by arithmetic average
method, geometric average method, compound-sum method, and the regression methods in terms of discrete
and continuous compounding processes. Sample companies are listed in NYSE, AMEX, or NASDAQ, and
have at least ten-year sales or earnings data during the period from 1981 to 2012. Sample companies are
further divided into positive sales growth firms and negative sales growth firms in terms of their arithmetic
average growth rates. Panel A shows estimated sales growth rates, and Panel B shows estimated earnings
growth rates by various estimation methods. Values denoted in parentheses are t-statistics on the null
hypothesis that the average number is different from zero

arithmetic average, the internal growth model and sustainable growth models have the
smallest average prediction error during the entire sample period. The mean arithmetic
average forecasting error is —0.001 and the mean forecasting error of the internal growth
model is —0.002. The average prediction error for the sustainable growth model is 0.003.
All of these means are not statistically different from zero. All of the other approaches
yield average prediction errors that are statistically significant. In addition, negative
forecast errors for compound-sum method indicate that this method consistently under-
estimates sales growth rates. In contrast, geometric average method and regression
methods consistently overestimate sales growth rates over the testing period. Except for the

@ Springer



1. E. Brick et al.

384

L91°0 910°0— 965°0 0s1°0 809°0 £€T0 691°1 10€°0 ¥9¢°0 81°0 0L¥'0 960°0 ¥00¢
§96'C 0¥70°0— 5940 ¥90°0 6¥¥'0 (U4 X0 S80°1 89C°0 08C°0 001°0 1€€°0 680°0— £€00C
6970 1€0°0— €870 800°0 wao 801°0 L0 ¥9C°0 ¥60°0 80°0 061°0 9I1°0— 00¢
98T 101°0— 1LE°0 9LE0— €Iv'0 8¥0°0 ¥89°0 91T0 €800 ¥10°0 Sr1°0 091°0— 1002
670 ¢LO0— 9LT0 0cc0— LTT0 €510 ¥98°0 °eo ¥01°0 0€1’0 €620 6s0°0 000¢
190 8¢0°0— ¥8¢°0 ciyo— 18C°0 §90°0 118°0 ¥€C0 091°0 0L0°0 86C°0 €01'0— 6661
LLT'T L00°0 0Cy'0 6¥0°0 €Ce0 S61°0 LEL'O LOT0 ¥S1°0 €00'0— 89C°0 €L00— 8661
18C°1 €60°0— Sre0 0100 §ST0 8L00 SrL0 1900 6S1°0 €100— SLTO 061°0— L661
086°0 00— 6S7°0 2900 87¢0 IS1°0 L6L'0 474\l 191°0 601°0 9¢€C0 w00 9661
1Ll ¥20°0 6150 0€0°0 0€¥'0 SAN0 LLS0 S91°0 ¥90°0 1€0°0 ANV 0¥70°0— So61
90S°0 160°0— 670 £8¢°0 £8¢°0 L61°0 SrL0 18C°0 901°0 0cI'o 200 €500 7661
969'1 £€90'0— 8¢S0 0s1°0 YLY'0 §TT0 SSL0 ¥6C°0 €C1'o LIT°0 8L1°0 w00 €601
8¢l 8¥0°0— £rTo L100— LSTO 1900 0590 0€1’0 860°0 L20'0— ILT°0 060°0— 661
LL80 €700 LTE0 ¥€0°0— 11eo 1600 1€L°0 911°0 070 ¥00°0 cIeo 090°0— 1661
9600 6L0°0— 490 SS1°0 SIS0 1€C°0 889°0 681°0 §TT0 860°0 §9T°0 6£0°0 0661
LEI'L LLT'O LSO 9v¢’0 £vs0 Sot°0 £89°0 8r¢0 61°0 11e0 86C°0 86C°0 6861
8L0°0 [410X0) €790 LTS0 6290 9860 ¥L8°0 Ser'0 €1e0 (4544 8€€°0 99¢°0 88061
8%0°0 €00~ SLTO €91°0 ¥9C°0 S1T0 92L0 S10°0— LT10 880°0 £51°0 S¥0°0 L861
090°0 €000— 9¢°0 6£0°0 18¢€°0 01°0 L0 081°0— 8¢1°0 €000 6v1°0 9€0°0— 9861
80¥'C 800°0 8¥¢°0 €01°0 €Ce0 6S1°0 8CL0 €eC0— 1ro £00°0 611°0 Ge0'0— G861
0€0°0 920°0— Sse0 0S0°0 L6T0 01°0 ¥06°0 LTT0— IS1°0 8L0°0 SS1°0 1700 7861
LY¥'0 800°0— €290 €00'0— 9650 LY00 CL8°0 80S°0— 880°0 S01°0— yI1°0 Sr1'0— €861
600 2900 ¥8C°0 80C°0— o ¥00°0— 899°0 S6£0— €900 6£0°0— 8L0°0 8L0°0— 7861
¥L0°0 050°0— S61°0 €0'0— SeT0 1S0°0 CILo 86€°0— 860°0 €0'0— o 690°0— 1861
HSIN Jourg SN Joirg HSIN Jlourg HSIN Jloirg HSIN Jodryg dSIN loug

[OPOIAl Y}MOID) S, UOPIOD) UOIS$ITY 9J210SIq UoIS$aIZY snonunuo)) wns-punoduwo)) a8eI0AY OLQWO0RD) a8eI0AY OnOWIILIY B9 X

SQJBI [IMOIS PUSPIAIP JBWIISI 0) SPOYIAW [BINSIIEIS JATIRUINNY :ISBI210J 1s0d-Xq 9 dqe],

pringer

Qs



385

A comparison of alternative models

pajuasald os[e aIe sOTISIeIS-7 PAIRIOOSSE Uk ‘SIOLID orenbs UeoUl ‘SIOLIQ JSBOAI0J JO SOTBIOAR JO SOTBIOAR SOLIOS-OWIL], "JedA [oed Ul pAuasaid aIe spoyjoul UONeuriso
SNOLIEA IO SIOLId dIenbs ueow o) pue SIOIIS }SEII0] JO SITLIOAR [BUOTIISS-SSOIO AU, *0Jet Y)MOIS PUSPIAIP PIJLWISA oY) PUE eI YIMOIS PUSPIAIP [BAI Y} USIMIOq dOUSIIIJIP
AU} ST JOLID ISBIAI0 ‘[OpPOUl (IMOI3 S UOPIOD) PUB ‘POYIAW UOISSAITAI 9)2I0SIP ‘POYIOUI UOISSAIFAI SNONUNUOD ‘POYIdW WNs-punodwiod ‘poypowr 95eIoAL JLOWO03 ‘poylou
98eI0AR doWY)LIE SUIPN[OUl SPOYIOW UONBWISY SnoLieA AqQ ejep Jeak-(] Joud uo paseq Ieak yoed ur pajewns? st Auedwod yoes jo 2)e1 YImoi3 pudplaldg ‘Z10¢ O 1861
woiy st porrad 1580010 oY, *SPOYIOW UOTIEWNS SNOMIEA Aq 91l [)MO0IS PUSPIAIP 9} JO UOTJEWNSI dY) J0J SIOLId aIenbs uedw pue Io11o 1s80910J Jo soSeroae sjuasald d[qe) STy,

SP'e 8V 1— L9'61 660 181 crL Sy'ee [4! SO'TIT 66'¢ 90°CI Se'0— S1e)s-1
L68°0 S100— 4540 9¢0'0 £8¢°0 LST0 SL80 190°0 810 180°0 L9T°0 800°0— Say
98¥"¢C 600'0— e 0€0'0 LYE0 8¥0°0 SIC1 €LY 0— ¥61°0 820°0— 0 LLO0— cloc
LYTO0 900°0— 68¢°0 yI1°0 Y010 9LT"0 081'1 ¥€0°0 86C°0 o SIv'0 1200 110¢
1160 £50°0 so SY1°0 S0 8LI'0 18C'1 §90°0 86¢°0 910 8670 6£0'0— 01oc
0160 SLO0 90 8CI'0— yLTO 80°0— serl I1€°0— §TTo ¥01°0— Sero SI1T0— 600C
eLE'] Sor'o— £9v°0 L9E°0— (4340 Sero 0v0'1 090°0— £ee’0 600 610 120°0— 800¢C
ILE0 S10°0 £ov’0 €020 810 91¢0 L6l'1 89C°0 6£°0 68C°0 0810 161°0 L00T
6v6°0 910'0— 08¢0 9100 £6C°0 YLT'O S06°0 14180 910 9110 wro 6000 900C
9600 910'0— 6870 or1o Y610 620 8901 L9T°0 Syl 91T0 LLEO 0€10 §00T
HSIN lo1rg SN Joug HSIN lolrg SN loug HSIN Jouy dSIN lo1rg

[9POINl JIMOID) S UOPIOD) UOISSAISAY )QIOSI(T UOoISSaISY Snonunuo)) wns-punodwo)) 93eIoAY OLIJOWIOdD) 93eIoAy OnoULY Iea X

panunuod 9 Jqe],

pringer

As



1. E. Brick et al.

386

8¥C°0 010°0— ¥81°0 8¢0°0 6CC0 S91°0 81C°0 681°0 YLO'T  €9€0— 991°0 6¢1°0 01+°0 £€0°0 ¥00¢
G8C°0 050°0— 98¢0 110°0—  0TC0 ¢L00 S1T0 811°0 L8L'T  00¥70— L81°0 6800 €810 8000—  £00¢
65C°0 LO00— 90T°0 8100 66C°0 800°0— 760 00 SLOC  LSSO0— LETO €€00— 950 01'0— 200t
0LT'0 €00°0— SLT'0 ¥20°0 99¢°0 260°0 1€€°0 o 6L6'1  S6¥'0— 8¥C°0 ¥¥0°0 ¢so ¥90°0—  100¢
cleo 2000— ¥Z1ro 020'0—  TS¥0 0€C°0 6v¥'0 €800 w81 69T0— LYE0 861°0 89¢°0 o 000¢
9LT0 LSO0— cIro §90'0—  €8¢€0 200°0— 5€°0 €e1'0 8691  TO¥O— §TTo ¥90°0 66¥'0 6100— 6661
LYT0 610°0— 18C°0 8¢0'0— 0050 710 9r¥'0 £61°0 OILT  9S€0— 6970 811°0 LSO 1200 86061
660 0100 010 clo0—  ¥¢so 1€1°0 6¥°0 S¥T0 891 16T0— weo 6v1°0 L6S°0 2900 L661
SET0 LY0'0 LY1°0 ¥20'0—  SO¥'0 1S1°0 77¢0 161°0 979’1 S0€0— 86C°0 1210 00S°0 0v0'0 9661
yI¢0 €500 L1T0 ¥200—  L¥E0 6€1°0 S1¢0 6£C0 80¥'1  €9T0— ¥61°0 €Clro 8LE0 0600 S661
96C°0 €100 0cI'o €€00—  TCe0 6v1°0 870 12C0 8CE’l  89T0— ¥81°0 2o 86¢€°0 1900 Y661
8870 L10°0 8¥C0 €00—  ¥LEO ILT°0 91¢€'0 €10 8LE'T  ¥0€0— 8S1°0 880°0 SIe0 €500 €601
06£°0 S10°0 6S1°0 00— L9700 9110 6£C°0 810 LLTT  T8TO— orro 0L0°0 9vC0 9100 661
86C°0 €700 syo §e0'0—  6ve0 1700 6970 160°0 SOS' T LEV'O— LY1°0 00— 0Te0 780°0— 1661
y1T0 1€0°0 §60°0 €000 19¢°0 10— £9¢°0 L91°0 86S'1  9¥E0— 6L1°0 L10°0 SLEO er0'0— 0661
°se0 1700 881°0 810°0 60%°0 SLTO 00%°0 ¥2C0 ST TLT0— L91°0 6S0°0 92e0 110°0— 686l
§Se0 00 ¥01°0 6£0°0—  I8%0 2970 19%°0 cleo o¥S' T €0T0— o910 8600 19¢°0 00 8861
970 ¥10°0 9CI'0 000—  8TL0 99¢°0 €90 LSY'0 €'t LST0— IS1°0 2600 €1e0 7100 L3861
86¢°0 9100 01¢o 100 0890 99¢°0 €290 €Iv’0 LTS'T  861°0— LETO 6L0°0 8¢¥°0 8000— 986l
1ST°0 010°0— ¥r1°0 1100 96¥°0 96T°0 19%°0 L6T0 897’1 661°0— ¥91°0 6800 96€'0 2000 G861
°LTo ¥10°0 650°0 9000 200 170 78¥°0 1y0 6ve’l  T60'0— 601°0 0S1°0 ¥ST0 LLOO 7861
1LT0 0200 yI1T°0 €200 €CL0 8¢0°0 9890 L6€°0 Ly’ ¥1T0— 060°0 §€00 LLTO 9r00— €86l
re0 §20°0 SLOO 6100 §se0 cro I7€0 9S1°0 ST €0€0— LT1°0 €100—  6ve0 001°0— 7861
¥0€°0 9¢0°0 (SN} 1500 ¥59°0 6C¢0 L6S°0 96¢£°0 PeST  1€1°0— LO1°0 €01°0 £ere0 1100 1861
HSIN Jloirg HSIN Jloirg HSIN lourg HSIN louyg  HSIN Jloirg HSIN Jlourg HSIN Jorg
[opow y3moIS 9[qeuIrISNS  [SPOW (IMOIS [BUIU]  UOISSAITAI 9)2I0SI(]  UOISSAITal snonunuo)) wns-punodwio)  oFeIoA® OIOWOdD)  ASBIOAR ONQWIILY  JBOX

SOJBI IMOIS SO[S QJBWITIS? O} SPOYIOUI [BOTISTIR)S QATIBUIY :)SedaI0] Jsod-x7 £ J[qe],

pringer

Qs



387

A comparison of alternative models

pajuasald os[e aIe sO1ISIeIS-7 PAIRIOOSSE PUk ‘SIOLID orenbs Ueoul ‘SIOLIO JSBOAI0J JO SOTBIOAR JO SOTRIOAR SOLIOS-OWIL], "JedA Uoed Ul pAuasaid aIe spoyjoul UONBUIIsd
SNOLIEA JOJ SIOIIO orenbs UBOW QY pUB SIOIIO JSBIIOJ JO SOSLIOAT [BUOINISS-SSOIO AT, "9Jel Y)MOIS SO[es Pojewnsd oy} pue djel YimoIS so[es [edl oy} Uoamloeq dOUSIIJIP
A} ST JOLID JSBII0, "[OPOW [IMOI3 9[qeUTeISnS pue [9poul Y)MOI3 [BUIdIUT ‘POYIAW UOISSIISAT 910I0SIP ‘POYIOW UOISSAIZAT SNONUIUOD ‘poyjoul wns-punoduiod ‘poylow 93eIoAe
JLQWOA3 ‘poyIa 95BISAR dNJAWIYILIE SUIPN[OUL SPOYIAW UOHBWI)S SnoLIeA Aq Bjep 18d4-()| Joud uo paseq Ieak yoea ur pajewns? st Auedwod yoea Jo 2)el YImois s9fes ‘2107
0} 1861 woij st porrad 1580010 9Y, 'SPOYIoW UOTJBWIIISS SNOLIEA £q 9JBI Y)MOIS SOTes JO UOTJBRWI)S? aY) J0J SIOLID orenbs ueow pue J0II9 JSe0a10] Jo soSeroae sjuasald a[qe) STy,

S6Cl 94 8Y'Cl 1€°0— 80°CI el'L 0eCl S6'6 £0'9¢ 9Cl— cLel LL'9 8181 60°0— swes/
9¢€0 £00°0 681°0 2000—  S8¢€0 LETO LSE0 c0To L09°T  Tee0— 881°0 LLOO wo 1000—  SAV
6580 810°0— 89C°0 ¥10°0 LLT'O 2900 vS1°0 £80°0 €6e’l  65¥'0— 60°0 L00'0—  8LTO 160'0—  CI0C
9¢¢0 LY00— LETO €00 1120 6C1°0 Clco ¥91°0 wy'lT 90e0— 891°0 L60°0 £er'o 0200 1102
cLE0 6L0°0— 69C0 LT00 8CC0 o 91T0 €S1°0 9LS'T €e'0— IS1°0 ¥80°0 991°0 LT00 010c
96¢€0 £00°0— 9cT0 £00°0 I7€°0 690°0— S1e0 00— 0661  €£€90— €0C0 880'0—  S8S°0 G¢81'0—  600C
¥8¢°0 00— 981°0 9000 orco §90°0 8CC0 880°0 gL'l Yoy 0— CLTO 9900 0050 2000—  800¢
9190 870°0— yS1°0 €100—  ¢CC0 6110 8CC0 10 9¢8’1 19%°0— 01¢0 601°0 8050 9000 L00T
4340 c10'0— 691°0 4101} €0 €10 91T0 €S1°0 09L'T  vv¥'0— 0610 Y11°0 12340 €00 900C
8€€°0 880°0 9¢T0 2000 ysT0 8I1°0 0 [34N0 LOL'T  86€0— geco 8CI'0 06%°0 9100 §00C

HSIN Joug HSIN Joug HSIN lo1rg HSIN loug  HSIW Joug SN lo1rg HSIN JoLrg

[opow YIMoIS d[qeure}sng  [OPOW (IMOIS [BUINU]  UOISSQISOI 9J0I0SI(]  UOISSAISAI snonunuo)) wns-punodwio)  95eIoAE OLIJOWOJD)  JFeIOAR ONOWIY  JeO X

panunuod / Jqel,

pringer

As



1. E. Brick et al.

388

2000 2000 1810°0 9L10°0 76100 681070 78¢0°0 LLEOO €810°0 LLTO0 L1200 60200 d ry
SOA SOA SOA SOA SOX SOA SOA SOA SOX SOA SOA SOA Awwun(g 189 X
SOA SOA SOA SOA SOx SOA SOA SOA SOX SOA SOA SOA Awwun( Ansnpuy

(se1) F0v—) Lo (Tev—) (60') (607

€00 e1SS0°0— «VCC0'0 V1500~ ££6€0°0 qL020°0 eleg

(T1°0) (T1°0) (9€'0) (S+'0) 00v—) S11v-) 95'1-) 9¢'1-) (sze—) (8€€—) (Lo€—) are-)

100°0> 100°0> 100°0> 100°0> «100°0— 2100°0— 100°0— 100°0> «1000— 2100°0— 2100°0— 2100°0— q4/a

(er0—)  (TT0-) (Lo0-) (S'0—) (55'9) (0L9) (1€ (0T (06'8) 0T'6) (St'v) #9'p)

8000—  ¥000— 100°0— L00°0— «790°0 «790°0 qL20°0 q5¢0°0 «160°0 »c60°0 «LV00 «870°0 At

(Ts0—-)  (yro-) (S8'%) (T6'v) (05°0) (LS0) r6'€D) (€s€D (68'1-) L81-) (2] (0€D)

600'0—  800°0— «L90°0 ©990°0 S00°0 S00°0 WLL1°0 «891°0 5810°0— LL10°0— »£0°0 qCC0’0 JoAouIng,

e 11 91°¢) (690 (806—) (6T6—) (S6'91-) (86'91-) (85'6—) ('6—) (85°L—) (€e'L—)

900°0 S00°0 1100 +600°0 21200~ 2120°0— e[S0°0— «050°0— #£C0°0— ¢CC0'0— #610°0— «810°0— 9ZIS

(650—)  (€T0-) (€10-) (82°0-) (TT0) (¥€°0) Qri-) We1-) 01°0) (82°0) (60°0—) (100—)

¥90'0—  +¥200— £€90°0— Yero— 0L0°0 601°0 06v'0— ¥96°0— €00 £60°0 €€0'0— 00°0— 1doorajuy

satununp upak pup sarunp Lgsnpul DS 1181P-g YN SU01SSa13a4 102[f2 pax1] Y ]aund
[SPOIN IMoOID) uoIssaI3ay uoIssaI3AY o3eIoAY o3eIoAY
[opour s, uopIoD) 912108I1(q snonunRuo)) wns-punodwo)) JLIJAWOAD) onewyILY

UONEWIS? YIMOIS PUIPIAIP JOJ JOLID JSEIAI0J JO SJUBUIULINR § el

pringer

Qs



389

A comparison of alternative models

[9A9] % 01

oy Je JUBOYIUSIS | PUB [9AJ] 9% G U J JUBDYIUSIS | ‘[9AS] 9 | Y3 Je JUBDYIUSIS , "sasoyjuared Ul oxe soNsIeIs-/ pIIeroosse Ay pue ‘pajudsaid oxe sy paysnlpe oy, ‘sorurunp
SOLISNPUT YOUSL]—eWe,] PUe SAIUWND Jeok (M SUOISSAISAT 109JJo-PaXT JO s}NsaI sjuasard g [oued "somuwnp somsnpur D[S HSIp-g pue seruwunp Iedk yiim suorssoiSor
190JJ9-pIXY JO $)[NsaI sjuasald y [oueq "9yl (IMOIS PUSPIAIP PABWIIISD ) PUB Bl IMOIZ PUIPIAIP [BI ) UIIM)Iq SOUAIIJIP Y} ST JOLID ISBIAIO, "UOISSAITI 9J0I0SIp pue
‘u0I1SsaI321 snonunuod ‘wns-punodwod 9FeIoAR O1)AWO093 ‘93BIdAR drjowyILIe SUIPN[OUl SPOYIAW UOTIBWISD snoLieA Aq ejep s1edk ()] Joud uo paseq Jeak yoed ul pajewrisa
are Auedwod yoes Jo 9Bl YIMoI3 puoplAl( BI9q S WY pue ‘onel A1mnboe-03-1qop ‘oner 1o)IewW-01-Y00q ‘9Bl IAOUIN) 9ZIS UL SUIPN[OUI SONSLISIOBIRYD ULIY dI8 SO[qELIBA
juopuadopur 9y pue ‘IOLId JSEOI0) JO AINSEBIW ) ST d[qeLiea Juapuadop oy, “JOLID ISLOI0J YIMOIS PUSPIAIP ) SUIUTULISIOP Ul UOISSAIZAI Ay} JO sI[nsax syuasaid a[qe) sIy [,

€00°0 €000 2000 2000 6000 8000 L10°0 S10°0 L000 9000 L000 9000 Ay
SoX SoX SOA SOA SOA SoX SOA S9A SOA SO SOA SOA %EESQ Ieo X
S9X SoX SOA SOX SOA S9X SOA S9A SOA SO SOX SOA %EESQ \QumSCCH J
D ((S40)) #9D 1D (8D oD
€00 8€60°0 516500 8700 568900 4760°0 vlog
((240)] 1o oro—-) (10-) =) 1= o1 (€01-) ae1—-)  (081-)  (€81-)  (FL'T1-)
0000 0000 1000—  1000— 100°0— 100°0— 8000— 100°0— >1000—  ,10000—  ,2000—  ,1000— a/a
6r'1-) g1 wi1-) (€01 (9c0-)  (Lz0) 8z0) Lz 9z0-) (680 (se0—) (090
8200—  ¥20'0— 867'0—  L9¥0— 1000— 8000 8000 LEO0 L00'0—  +20°0 01000— 8100 Nd
09°0) (99°0) 8+'D ' 9D 9¢'D D (€6'0) (90D 0840)] 9z D ((400)
010°0 110°0 LE90 ST9°0 L1700 €900 1700 6200 LT0°0 T100 ¥€0°0 7€0°0 Tosoumy,
@wrn (so'D aro (80°0) Ore—)  (ee—)  (€0T—)  (€9T-) 991-) (60T  Ge1-)  (10T-)
S00°0 S00°0 T10°0 8000 FC00—  LLTO0—  GTIO0—  .6100— LI100—  4P100— 6000—  qv10°0— azI§
8s0—)  (8Z0—-)  (690-) (L90-) (Teo 90) (60—) (800 Sro—-) g0 (TLi—)  L6eo-)
€L00—  ¥£0°0— LECE—  6ElE— 0600 L61°0 €80°0—  STO'0 0v00— 600 697"0— SLTO0— jdooxojuy
sarunp AL puv sanuunp %\Nh:ﬁi YU —DUWID ] YIIN h:Q.:,hm\%N\ NU&QN poxi ] g 1ouvd
[OPOIAl UIMOID) uoIssaI3oy uoIssaI3oy ageroAy a8eroAy
[epouwr S UOpIoD) 9JaISIT snonunuo) wns-punodwo)) J11JOWO0dD) oAUy

panunuod g Jqe],

pringer

As



1. E. Brick et al.

390

£00°0 €000 ¥00°0 #00°0 2000 2000 S00°0 #00°0 0200 6100 #00°0 #00°0 2000 2000 A by
SOA SA SOX SAA SAA SAX SAA SOA SAA SOX SAA SOA SAA SAA %EE:@ Jea X
SoA SAA SAX SAA SAA SX SAA SO SAA SX SAA SoA SAX SAA %EE:U \h:msﬁ::
6L0-) (9¢0) (€10 (L8'9) 81°9) (280 (8€°0)
110°0— L0000 4090°0 911°0 780°0 F€0°0 S00°0— elg
(€90 (590 aro-  (aro-) (08°0) 08°0) 6T1) e (S1°0-) @1ro-) S1ro 81°0) (S0°0) (900)
100°0> 100°0> 1000—<  1000—-<  100°0> 100°0> 100°0> 100°0> 100°0> 100°0—< 100°0> 100°0> 100°0> 100°0> a/a
WLo—)  (€8°0-) 001-)  (L6'0-) (6£°0) (1L 0) 61°0) (80°1) 6¥'1) (800 (4] Lo (3] ((4%)]
800°0— 600°0— 6100— S10°0— 1100 6100 €000 810°0 €200 41€0°0 aL20°0 0€0°0 q1€0°0 41€0°0 Nd
(1+°0) @r0) (€9°0) (59°0) Ls'n 9D (620 #90) (6t'1-) (8¢'1-) 91°0) (17°0) (85°0—) #9'0—)
S00°0 S00°0 60070 1000 0r0°0 2P0 4S€0°0 0700 120°0— 00— 2000 2000 LO00— L00°0— Iaaouin,
(S0 (00 ay'n ay'n 00T (tre-) (Ts's—) (€1'9-) (€5°CT—) (€0'€T—) (19'9-) (08'9-) (Te'0-) (€€'0—)
4£00°0 4L00°0 900°0 S00°0 JF100—  GSI00—  L€200—  .STO0—  #80°0— 780°0— «8100—  6100— 100°0— 100°0— azIg
(80°0—) ©1°0-) (€0'0—) (20'0-) (61°0—) ((ZX0)] (zT0-) (8L°0) (€9°0-) (€5°0-) (re'0-) (62°0—) (Ly'0-) (8%'0—)
790°0— TLO0— 620°0— 0200~ 11¥0— ¥ILO SLTO— 786°0 $95°0— wy0— 97T 0— ¥61°0— $S€°0— 65€°0— 1dooraug
hwwssxﬁ Apak E:B hwﬁtsvﬁw %&::@E DIS t%.ﬁ.m _\t.ﬁﬁ hEEhwm\MNx :&%\N Emﬁr& v E:B&
[opowl y3moi3 [opowr yimois uoIssaI3ar uoIssaI3ax afe1oAe ERAEIN
d|qeureisng Teurajuy 9JaIdSI(J snonunuo) ESm-UESOQEOU JLnauWoan) onowIylLy

UOTIBWITS? IMOIS SI[BS J0J JOLId JSEDAI0J JO SJUBUNUINR( ¢ dqBL

pringer

Qs



391

A comparison of alternative models

[9A9] % 01

) 12 JULdYIUTIS , PUE ‘DA % G Y} JE JUBDYIUSIS | “[9AJ] % | Y} J& JUEOYIUBIS |, “sosdyjuared ul oxe SONSEIS-/ PAIRIOOSSE oY) pue ‘pajuasard are sy pajsnlpe dy, soruwnp
SAINSNPUT [OUAL]—BWE,] PUE SATUWIIND oA )M SUOISSAISAT 109JJo-Paxy JO s)[nsal sjuasard g [oued ‘seruwnp somsnpur DIS NSIP-g pue SATWIWND Iedk )M SUOISSAISI
199JJ2-Paxy Jo s)nsal sjuasald y [ourd "Jel YIMOIS PUIPIAIP PAIBWIISD A} PUB )1 YIMOIZ PUIPIAIP [BAI OY) U2IM]IQ IUIJJIP ) ST JOLID JSBIAI0, "UOISSAITAT 2)I0SIp pue
‘uorssaI3a1 snonunuod ‘wins-punoduwod ‘9FeIAR SINAWOAT ‘AFeIOALR JNQWILIE SUIPN[OUT SPOYIAW UOTRWITIS SNOLIeA Aq BJep S1eak (] Joud uo paseq Ieak yoea ul pajewnsd
are Auedwod yoes Jo 9Jel YImoI3 puoplAl( 'B10q s,y pue ‘opel A)nbe-03-1qop ‘oner jo)Iew-03-00q 9jel JIOAOUIN) ‘9ZIS WY SUIPN[OUT SONSLIAIOBIRYD ULIY e SO[qeLIeA
juopuadopur oY) pue ‘IOLId JSBIAI0J JO AUNSLAW ) SI J[qRLIBA JUpuadop Y], IO ISEOI0J YIMOIS So[eS o) JUTUMUIAIP Ul UOISSAISAI Y Jo synsar sjuasaid 2[qe) siy],

€000 £00°0 #00°0 #00°0 2000 2000 9000 9000 7200 1200 9000 9000 £00°0 £00°0 Ay
Awwnp
SO SOX SO SO SO SO SO SO SO SO SO SOX SOA SO RUE) S
Ansnput
SOA SOX SOA SA SAX SAX SAX SAX SAA SA SAX SOX SOX SAA 4
9z'1-) #0°0) ($6°0) @re) (€0'p) 66'1) (S#'0-)
9L10°0— L0000 TLT0°0 +0880°0 +7990°0 477200 19000— elog
(#$°0) 95°0) (T1o-) (T1o-) (€8°0) (€8°0) Ten aen (T1o-) (60°0—) [¥40)] (€20 S1°0) 910
1000°0 10000 10000—<  10000—<  1000°0> 1000°0> 1000°0> 1000°0> 10000—<  10000—<  1000°0> 1000°0> 1000°0> 1000°0> q4/a
Wro—)  (9s0-)  (T60-) (T6'0-) (€5°0) (€9°0) @ro L0 azo (€90 997 96'7) (1s0) (s
6¥00°0—  €9000—  LPIOO—  €¥I00— SP10°0 SLI00 0200°0 €110°0 48T€0°0 +£8€0°0 «¥620°0 61€0°0 460€0°0 J70€0°0 nd
(0£0) (ST0) [(S%0)] 95°0) (€9'D 691D 970 950 #9'1-) Ls'1-) ©oro (80°0) (T9'0-) FL'0-)
6£00°0 0£00°0 0800°0 6L00°0 €100 291400 46€€0°0 418€0°0 2£220°0— TI200— 01000 80000 0L000—  £€800°0— Toaoum,
(€8°D) @91 (e (8€°1) or'z—) (€r'T—) (T6v—) 61°6-) (86'12—) (Lree—) (90'9-) (60'9—) (90°0—) (10°0)
27500°0 8+00°0 75000 7500°0 GL9100—  49910°0—  ,S0TO0—  #IT00—  9080°0— +£080°0— 99100—  ¥9100—  TO00'0—  00000—< azI§
(100-)  G00-)  (F00-) (€0°0—) (€0'0—) (€00—) (60°0—) #0°0-) (S'0—-) (Lg0-) 0T0-) 0T0-) 1+'0-) F0-)
09000—  1920°0—  ¥€€00—  S8TO'0— $0L0'0— 12900—  SLIT0— 18700—  910¥'0— 162€°0— L8TI0— 18T1'0—  8LOE0— 162€°0— 1doorajug
saruunp vk pup sanuwmp LISNPUl YoUudLJ—DuD,] Yl SUOISSIAZaL 102f[2 paxi] g [aund
[epowr ImoI3 [opowr ImoI3 uoIssaI3ax uo1$$I3a1 oFeI1oAE oferoAe
dlqeureisng Teuwrajuy 9JIDS1J snonunuoy) E:TC::OQEOU J1IoWO03n) dnawIyILy
panunuod @ d[qe],

pringer

As



392 1. E. Brick et al.

internal growth model and sustainable growth model, mean square errors of all models are
stable during the period between 1980 and 2012.

Results of ex-post forecast show that the forecast errors of dividend and sales growth
rates exist in various estimation models. We further investigate the determinants of the
forecast errors and examine whether forecast errors of different estimation models are
related to different firm characteristics. Table 8 presents results of fixed-effect regressions
in which the dependent variable is the dividend growth forecast error for each firm-year,
and the independent variables are firm characteristics including firm size, turnover rate,
book-to-market ratio, debt-to-equity ratio, and firm’s beta. Each of the regressions em-
ployed include year dummies and industry dummies. Panel A reports the regression results
using industry dummies defined by 2-digit SIC code. Panel B reports the regression result
using Fama—French industry dummies.

To conserve space, we primarily summarize the results for the arithmetic average
method because that method yields the overall best forecast. As can be seen from Panel A
of Table 8, the dividend growth forecast error is negatively associated to size and leverage
ratio, positively associated to turnover, book-to-market ratio, and beta. In other words, an
upward forecasted bias is likely when we use the arithmetic average model to forecast
dividend growth rate for small, low leveraged, relatively undervalued firms, value with
higher turnover and higher systematic risk. In comparison to other forecasting models, the
forecast error for geometric method is more sensitive to book-to-market ratio, and com-
pound-sum method is highly affected by firm size and stock turnover.

Table 9 presents results of the regression in determining the sales growth forecast error.
Sales growth forecast error is negatively associated to size and positively associated to
book-to-market ratio, and the systematic risk. In summary, earnings and sales growth rate
estimations can perform well on large companies with less systematic risk.

5 Conclusion

In this paper, we explain that the traditional dividend growth model makes strong as-
sumptions regarding the financing mix of the firm. In addition, we discuss several methods
suggested in the literature on estimating growth rates and analyze whether these ap-
proaches are consistent with the use of using a constant discount rate to evaluate the firm’s
assets and equity. In particular, we show that the underlying assumptions of the internal
growth model (whereby no external funds are used to finance growth) are incompatible
with the constant discount rate model of valuation. We also introduce various statistical
estimation methods suggested in the literature, including arithmetic average method,
compound-sum method, and/or regression methods. We also discussed the inferred method
suggested by Gordon and Gordon (1997) to estimate the growth rate. To compare various
estimation methods, we empirically obtain historical dividend growth rates of all dividend
paying companies in U.S. using the various estimation methods suggested in the literature.
We find that the arithmetic average method is sensitive to extreme values and has an
upward bias, resulting in a larger estimated dividend growth rates in comparison to all of
the other methods. To determine the efficacy of these methods, we conduct an ex-post
forecast and find that, in terms of forecast error, arithmetic average method is superior to
the other methods and the compound-sum and the continuous regression methods yield the
worst estimations in predicting firm’s dividend and sales growth rates. The forecast errors
are positively related to book-to-market ratio and firm’s systematic risk and negatively
related to firm size.
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