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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.1 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 P0ð Þ ¼
X1

t¼1

dt

ð1þ rÞt
; ð1Þ

where dt is the dividend per share at time t. 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.2

If we assume that dividends per share grow at a constant rate g, then Eq. (2) is reduced

to the basic dividend growth model3:

P0 ¼
d1

ðr � gÞ : ð2Þ

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 ¼ br.4 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.5 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 as6:

g ¼ b� ROA

1� b� ROA
; ð3Þ

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

1 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
P0 ¼ d1=ðr � gÞ.
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.
6 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 ¼DS
S

¼ pb 1þ Lð Þ
T � pb 1þ Lð Þ ;

ð4Þ

where T is the ratio of total assets to sales. In Eq. (4), DS=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 (T) 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

g ¼DS
S

¼ pbð1 þ LÞ=T
1� pbð1 þ LÞ=T

¼ b� ROE

1� b� ROE
:

ð5Þ

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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DST ¼ pSb and for the sustainable growth model, DST ¼ pbSþ pbSL. Such relationship

will result an internal growth rate of b� ROA and a sustainable growth rate of b� 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

gðtÞ ¼ b� ROE

1� b� ROE
þ k� Dn� P=E

1� b� ROE
; ð6Þ

where k is the degree of market imperfection, Dn 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,
k�Dn�p=E
1�b�ROE

, 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:

gt ¼
Et �Et�1

Et�1

: ð7Þ

The arithmetic average is given by

�g ¼ 1

n

Xn

t¼1

gt: ð8Þ

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:

Xt ¼ X0 1þ gð Þt; ð9Þ

or

g ¼ Xt

X0

� �1=t
�1; ð10Þ

where X0 is the measure in the current period (measure can be sales, earnings, or divi-

dends); and Xt is the measure in period t. 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.
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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 ¼ X0e
gt: ð11Þ

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:

Xt ¼ X0 1þ g

m

� �mt

; ð12Þ

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

lim
m!1

1þ 1

m

� �m

¼ e: ð13Þ

Then the continuous analog for Eq. (12) can be rewritten as

lim
m!1

Xt ¼ lim
m!1

X0 1þ g

m

� �mt

¼X0 lim
m!1

1þ 1

m=g

� � m
gð Þgt

¼X0e
gt:

ð14Þ

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

pressed by

g ¼ 1

t
ln

Xt

X0

: ð15Þ

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,

P0 ¼ d0= r � gð Þ.
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:

lnXt ¼ lnX0 þ t lnð1þ gÞ: ð16Þ

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:

lnXt ¼ lnX0 þ gt: ð17Þ

Both Eqs. (16) and (17) indicate that Xn is linearly related to t; 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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ln
EPSt

EPS0

� �
¼ a0 þ a1T þ e1t; ð18Þ

and

ln
DPSt

DPS0

� �
¼ b0 þ b1T þ e2t; ð19Þ

where EPSt and DPSt are earnings per share and dividends per share, respectively, in

period t, and T is the time indicators (i.e., T = 1, 2, …, n). We denote â1 and b̂1 as the

estimated coefficients for Eqs. (18) and (19). The estimated growth rates for EPS and DPS,

therefore, are expðâ1Þ � 1 and expðb̂1Þ � 1 in terms of discrete compounding process and

â1 and b̂1 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

P0 ¼
d0ð1þ gÞ
ðr � gÞ ; ð20Þ

and the price of the stock is given by the market, the cost of equity is obtained using the

CAPM, and d0 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 1.91 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 1.4 55,484

1993 13 1.96 25,021 1.74 67,345

1994 14 2.22 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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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 %.7 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

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 5.45

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

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.8

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.9 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.
9 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 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

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 5.13 % (4.92) 9.39 % (4.53) -3.50 % (-3.21)

Geometric average 2.02 % (9.36) 3.15 % (7.35) -0.51 % (-1.46)

Compound-sum method 1.26 % (4.24) 3.07 % (8.86) -2.06 % (-3.79)

Regression method
(continuous)

-0.84 % (-4.34) -0.40 % (-1.61) -2.98 % (-35.01)

Regression method (discrete) -0.84 % (-4.34) -0.40 % (-1.61) -2.94 % (-35.01)

Gordon’s growth model 2.48 % (5.01) 7.87 % (11.80) -3.08 % (-4.20)

Panel B. Period: 1981–1995

Arithmetic average 4.42 % (2.97) 10.53 % (2.67) -4.80 % (-2.39)

Geometric average 0.26 % (2.07) 2.31 % (2.96) -1.76 % (-3.32)

Compound-sum method 0.32 % (2.00) 0.75 % (4.05) -0.58 % (-1.99)

Regression method
(continuous)

-1.71 % (-8.10) -1.05 % (-4.42) -1.92 % (-8.74)

Regression method (discrete) -1.69 % (-8.10) -1.05 % (-4.42) -1.90 % (-8.74)

Gordon’s growth model 5.11 % (7.01) 10.53 % (8.23) -1.75 % (-5.50)

Panel C. Period: 1996–2012

Arithmetic average 5.79 % (3.90) 8.31 % (5.00) -2.30 % (-2.40)

Geometric average 2.78 % (29.46) 3.95 % (12.80) 0.67 % (3.37)

Compound-sum method 0.04 % (0.31) 0.85 % (5.79) -2.44 % (-8.87)

Regression method
(continuous)

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

Regression method (discrete) 1.56 % (4.48) 1.97 % (4.63) 0.38 % (1.64)

Gordon’s growth model 0.35 % (0.52) 5.29 % (12.27) -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
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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

382 I. E. Brick et al.
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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

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 20.88 % (25.70) 22.17 % (26.18) -5.79 % (-3.14)

Geometric average 5.33 % (25.71) 6.06 % (29.78) -8.98 % (-11.89)

Compound-sum method 6.40 % (42.04) 6.96 % (47.53) -5.31 % (-7.59)

Regression method (continuous) 6.73 % (41.16) 7.34 % (46.48) -5.29 % (-7.44)

Regression method (discrete) 7.32 % (41.47) 7.94 % (45.91) -4.87 % (-7.36)

Internal growth model 1.27 % (64.91) 2.19 % (75.31) -0.03 % (-1.25)

Sustainable growth model 1.82 % (73.88) 3.17 % (84.96) -0.10 % (-3.93)

Panel B. Period: 1981–1995

Arithmetic average 27.45 % (19.06) 29.17 % (19.39) -6.40 % (-2.09)

Geometric average 13.38 % (25.07) 14.90 % (27.73) -16.65 % (-11.68)

Compound-sum method 8.06 % (32.98) 8.60 % (35.34) -2.94 % (-2.37)

Regression method (continuous) 8.26 % (30.57) 8.82 % (33.03) -2.75 % (-1.72)

Regression method (discrete) 9.64 % (29.17) 10.16 % (32.73) -0.59 % (-0.20)

Internal growth model 1.55 % (54.85) 2.42 % (59.63) 0.16 % (4.87)

Sustainable growth model 2.00 % (56.96) 3.17 % (63.48) 0.10 % (2.41)

Panel C. Period: 1996–2012

Arithmetic average 14.39 % (18.84) 15.60 % (19.27) -5.15 % (-2.65)

Geometric average 5.14 % (23.74) 5.79 % (27.36) -7.58 % (-6.57)

Compound-sum method 4.22 % (20.78) 4.75 % (23.82) -6.97 % (-6.05)

Regression method (continuous) 4.30 % (17.41) 4.95 % (21.12) -8.51 % (-4.56)

Regression method (discrete) 5.15 % (20.79) 5.74 % (23.41) -6.62 % (-5.02)

Internal growth model 1.04 % (38.79) 1.99 % (48.11) -0.20 % (-5.29)

Sustainable growth model 1.68 % (48.95) 3.18 % (58.08) -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
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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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