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Abstract

A new model is developed in this paper which demonstrates a flexible method for modeling a cash flow stream with
a declining growth rate that asymptotically approaches a mature long-term growth rate. This model can be applied
when the initial growth rate in cash flows is temporarily larger than the required rate of return. A simple closed form
equation of the valuation model is presented along with an example to illustrate the valuation of future cash flows
with a declining growth rate. A comparison is made with the valuation from multi-stage models that have constant
growth segments, the H-Model, and the Ohlson-Juettner model. This highlights the difference in valuation that
results from using this new model. An example is also included to illustrate how to match a decline curve to a
specific forecast of future cash flows. This new declining growth model provides a flexible and practical approach
for valuing equities.
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1. Introduction and Literature Review

A two-stage valuation model is routinely used by analysts to calculate the fair value of a stock. The first stage
normally accommodates a high growth period for five to ten years, and the final stage assumes a long-term mature
growth phase. Such a two-stage approach to valuation is necessary because the initial growth rate of cash flows is
often temporarily higher than the required return, which causes a mathematical inconsistency in the constant growth
model. This difficulty arises because growth rates typically decline from an initial high rate as a normal progression
in the life of a business. Young businesses tend to grow at a very high initial rate because they begin at a relatively
low level of product sales. As a business becomes larger, the market demand gradually becomes more satisfied and
competition may occur from other firms and products. As a result, the relative growth of a business usually slows
down as it gets larger. Eventually, the market becomes more saturated, which limits the ultimate growth of a business
to a low mature rate of growth that reflects the increase in population or growth in the overall economy. Thus, the
life cycle of a business normally includes a declining growth rate in a firm over time, which is sometimes awkward
to model using valuation models with constant growth segments. A more flexible approach in this situation is to use
a valuation model that incorporates a continuously declining growth rate. This approach avoids the problem of a
temporarily high initial growth rate that may be larger than the required rate of return and provides flexibility in
estimating future cash flows that more accurately represent the changing growth rates in a firm. In this paper, a
closed form valuation model is presented which incorporates cash flows that grow at a continuously decreasing
growth rate. This is a contribution to the current state of the art in equity valuation models, which predominantly
includes valuation models with constant growth segments.

The literature on equity valuation models is huge, but can be summarized from material in textbooks, practitioner
publications, and other selected articles. Traditional textbooks generally include discrete valuation models that
incorporate some form of the Gordon (1962) constant dividend growth model (e.g. see Bodie, Kane, & Marcus, 2017,
Mayo, 2017, Hirt & Block, 2013, and McMillan, 2011). Textbooks allow for a declining growth rate by using
multistage models that step down an initially high growth rate into constant growth segments and end with a terminal
value. The terminal value normally consists of a constant growth perpetuity at a low mature growth rate near the
growth in the overall economy. The practitioner or trade press extends the application of constant dividend growth
models by applying the constant growth models to other cash flows, such as the Free Cash Flow to the Firm (FCFF),
Free Cash Flow to Equity (FCFE) and Net Operating Profit Less Adjusted Taxes (NOPLAT) (e.g., see Damodaran,
2006, 2010, 2012, Koller, Goedhart, & Wessels, 2010, and Viebig, Poddig, & Armaz, 2008). The CFA candidate
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body of knowledge as presented by Pinto, Henry, Robinson, and Stowe (2010) includes the Fuller and Hsia (1984)
H-Model and the Residual Income Model (RIM), popularized by Feltham and Ohlson (1999). The H-Model is a
valuation model that includes an approximation of a declining growth rate over a fixed number of periods. The RIM
approach applies residual income rather than dividends to multistage constant growth segments and the constant
growth model. Lundholm and O’Keefe (2001) and others show that the RIM approach is equivalent to the dividend
growth models. Penman (2015 and 1998) also provides a review of the RIM approach in comparison to other
valuation models. Finally, the Ohlson and Juettner (2005) model is an earnings capitalization valuation model that
includes a declining growth component. However, the declining growth parameters in this model are not explicitly
defined, and therefore this model is not very flexible in applying declining growth rates to valuation analysis.

The body of literature that compares the accuracy of various valuation models also provides evidence concerning the
models being utilized by researchers. Ho, Lee, Lin, and Yu (2017) empirically compare three common valuation
models: (1) A multi-stage formulation of the traditional constant growth model as demonstrated by Chen, Chen, and
Wei (2011) and Hou, van Dijk, and Zhang (2012), (2) A multistage formulation of the RIM approach as
demonstrated by Claus and Thomas (2001) and Gebhardt, Lee, and Swaminathan (2001), and (3) The
Ohlson-Juettner (2005) earnings capitalization model. They find that the Ohlson-Juettner model provides more
reliable results. Jorgensen, Lee, and Yoo (2011) also compare the RIM approach to the Ohlson-Juettner model. In
contrast, their results show that the Ohlson-Juettner model underperforms the RIM approach. However, they note
that their valuation estimates reflect different assumptions related to the forecast horizon and the growth rate after
that horizon rather than demonstrate the accuracy of the valuation models. Courteau, Kao, and Tian (2015) compare
pricing errors for stocks before and after the Sorbanes-Oxley Act using the RIM approach to valuation and a model
of discounted free cash flows. In both cases, they use a multistage formulation with the constant growth formula as a
terminal value. The primary difference in their two modeling approaches is the choice of future cash flows (i.e.,
earnings based or non-earnings based). Although the RIM approach resulted in slightly smaller pricing errors prior to
the Sorbanes-Oxley Act, they find no significant difference in valuations from the two modeling approaches after the
Sorbanes-Oxley Act.

To summarize the literature on valuation models, textbooks present the traditional mathematical setup of a fixed
horizon forecast of valuation cash flows followed by a constant growth perpetuity as a terminal value. This valuation
approach can be used with various choices for the valuation cash flows, such as dividends, free cash flow to equity,
free cash flow to the firm, NOPLAT, and residual income. In each case, the discount rate should reflect the risk of
the valuation cash flows being discounted. The practitioner literature adds the H-Model to this approach. And finally,
more recent articles comparing the accuracy of valuation models add the Ohlson-Juettner earnings capitalization
model.

The literature review also indicates that there have been no new modeling approaches to valuation since the
Ohlson-Juettner model in 2005. This paper provides a contribution to the literature on equity valuation models by
presenting a new approach to modeling that incorporates a feature of continuously declining growth rates. The value
added in this new approach is the capability to more closely match changes that would be expected to occur over
time in the life of a firm. The new model provides an explicit and flexible means of applying a changing growth rate
function to valuation analysis, which is awkward and difficult to apply using currently available valuation modeling
approaches.

This paper is divided into eight sections. The second section sets the stage with a basic introduction and background
for the simplest multi-stage valuation model. The third section focuses on implementing the new model that
incorporates a declining growth rate, and includes an example valuation problem. The next three sections compare
the valuation approach of the declining growth rate model to a multi-stage model using constant growth segments,
the H-Model, and the Ohlson-Juettner (2005) model. The seventh section illustrates how to match a declining growth
cash flow stream to estimates of future cash flows, such as the IBES and Value Line forecasts of earnings and
dividends. Finally, the last section is a summary of the paper.

2. Background

The present value of expected future cash flows provides a means of calculating the value of an asset. The cash flows
from holding a stock are the future dividends. Therefore, the fair value of a stock can be calculated as
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where V, = the value at time zero,
D = the dividend at time t, and
Re = therequired rate of return for equity cash flows.

This straightforward model can be simplified by assuming a constant growth in the dividends. The constant dividend
growth model was developed and popularized by Williams (1938), Gordon & Shapiro (1956), Gordon (1962), and
Gordon & Gordon (1997). This model is

D,
RE —I9n

Vo = (2)

where g, = aconstant long-term growth rate.

There are two key restrictions in the correct application of this simple model. First, the long-term growth rate must
be less than the required rate of return. Otherwise, the denominator becomes negative and the valuation is
meaningless. The second restriction is that the long-term growth rate must not be significantly larger than the
long-term growth in the overall economy. A larger growth rate would eventually lead to a firm that produces more
than its market could sustain and that becomes very large compared to the overall economy, which again is a
meaningless result. These two restrictions limit the direct application of this simple model to a very few mature
companies because the short-term growth in dividends is frequently larger than the required return and the growth in
the overall economy.

To overcome these two restrictions, a multistage valuation model is often utilized. A two-stage version of this model
first identifies specific dividends for a finite period of time, (T). Then a terminal value is calculated using the
constant growth model based on a low, long-term growth rate (g, ) suitable for a mature company, as follows:

T
V. = Z Dy n Vr
0 £ (A+Rg)t  (A+RpT

(3)

where

)
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A straightforward version of the two-stage model in Equation 3 is to assume a constant high growth of gs from time
1 to time S using a constant growth annuity, followed by a low constant growth perpetuity as a terminal value
beginning at time S+1. This 2-stage model is as follows:

_ 1+ s s
b [1 (v k) L Do @
Rg — gs (Rg —g.)(1 + Rg)®

The two-stage model in Equation 4 can be extended to three stages by including two fixed term growing annuities
followed by a constant growth perpetuity. A 3-stage model in equation form begins with a first stage that has an
initial short-term growth rate of gs from time 1 to time S, similar to the two-stage model. The second stage steps
down the growth to a middle growth rate of gy from time S+1 to time L. And finally, the third stage has a long-term
mature growth rate of g, that begins at time L+1 and continues thereafter. A complete equation of the 3-stage model

is as follows:
C(1+g5\° 1+ g\P
) Dy [1 (+7) ] Ds+1 [1 (7579 Dy -
= + +
0 Rg — gs (Rg —gu) (1 +Rg)S (Rg —9,)(1 + Rp)E

Using multiple fixed term constant growth annuities is somewhat cumbersome. Furthermore, the sudden change in
growth rates in a step function manner usually does not reflect the way a growth rate would actually be expected to

Vr

VO =
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decline in a cash flow stream. A better fit is a valuation model that incorporates a gradually declining growth rate in
cash flows over time.

3. Modeling Cash Flows with a Declining Growth Rate

The previous section illustrates a conventional approach to valuation using constant growth segments and the
constant growth model. With a slight change in application, this approach can be modified to create a cash flow
stream with a declining growth rate while retaining familiar valuation equations. The main innovation in this case is
to model two cash flow streams growing at different rates and subtracting one from the other to yield a third cash
flow stream that contains the desired feature — a declining growth rate. Thus, the subtraction of two cash flow
streams growing at two different constant rates will yield a cash flow stream characterized by a declining growth rate.
The key to the flexibility of this approach is to choose appropriately the size of these two cash flow series and their
respective growth rates. First, to provide a normalized starting point of 1.00, one cash flow stream must be larger
than the other by a value of 1 at time zero. Second, the two streams must grow at different rates. For the difference to
approach a long-term growth rate of g, the larger or higher cash flow stream (H) must grow at the rate of g, and the
smaller or lower cash flow stream (L) at any other smaller rate, gx. Finally, the relative size of the two cash flow
streams will determine the initial growth rate for the difference series. The growth rate gy is arbitrary and only
determines the rate of decline. A generalized set-up for the two cash flow streams is

9s — 9x

Hy = —— 6
0 gL — 9x (6)
9s — 9L
L, = ==~ 7
0 gL — 9x )
C = Co(H—L) = Co[Hy(1+ gL)t - Ly(1+ gx)t] (8)

where H; = a particular cash flow in the high cash flow stream at time t,
L = a particular cash flow in the low cash flow stream at time t,
C, = a cash flow at time t, beginning with C, at time t = 0 and with a declining growth,
gs = the initial short-term growth rate of a cash flow stream fromtimet=0tot=1,
g, = the mature long-term growth rate which is approached asymptotically, and
Ox = any arbitrary growth rate generally smaller than g,.

An application of Equation 8 means that if Hy grows at a constant rate of g, and L, grows at a constant rate of gy,
then the difference between these two cash flow streams will be a cash flow stream with a declining growth rate.
This normalized cash flow stream will have a cash flow of 1 at time zero with an initial growth rate of gs, and over
time the growth rate will decrease asymptotically to the long-term growth rate g,. Then multiplying this normalized
cash flow stream by the initial value of an actual cash flow will yield a matching stylized cash flow stream that
exhibits a declining growth rate. An advantage of this approach is that the two normalized cash flow streams can be
valued using familiar valuation formulas, such as the constant growth model of Equation 2. Then the present value of
the high cash flow stream less the present value of the low cash flow stream will yield the present value of the
normalized declining growth cash flow stream. The valuation of the difference between these two normalized cash
flow streams can then be multiplied by the initial cash flow (C,) of an actual cash flow stream to determine the
present value of the actual declining growth cash flow stream. Therefore, the declining growth valuation model is

il b ) (9)

Vo = C ( -
0 0 Rp — g, Rg — gx
where H; =Hp (1+g,)
Ly = Lo (1+9x)
Substituting for Ho and Lo from Equations 6 and 7 into Equation 9 yields a more explicit version,
(=2 1+g) (228 (1 +g0

V, = C, 9L — 9x _ \9L — Yx (10)

Rg—g. Ry — gx
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This general form for a declining growth model can be reduced to a simple formulation by assuming that the growth
rate gx for cash flow stream L is equal to zero. In this special case, there are only four parameters to specify in the
model — the initial short-term growth rate (gs), the long-term growth rate (g,), the required rate of return on equity
(Rg), and the actual initial cash flow (Cg), which scales the normalized cash flow stream to the actual cash flow
stream to be valued. Substituting gx = 0 into Equations 7, 8, and 9 provides values for Hy, Lo, and C; , as follows:

Is
Hy = — 11
° gL (1)
Is — JL Is
L. = =2 _1=H,-1 12
° gL gL 0 (12)
Co = Co(He— L) = Col[Hy(1+ g)" — (Hy — 1)] (13)
And finally, substituting g, = 0 into Equation 10 yields a simple formulation of the valuation model,
Hy(1+g,) Hy— 1)
Vo= C — (14)
0 0 ( Rp—g. Rg
or
(G+os) (&)
VO = CO - (15)

Rp—g; Rg

Note that choosing gs = g, causes Equation 14 or 15 to collapse into the constant growth formula of Equation 2,

gL gL _
Vo=cC (gL+gL) _ <gL 1) _G+g) (16)
0 0 Rp—g. Rg Rg—g.
Therefore, the constant growth equation can be considered a special case of the more general declining growth rate
model in which the initial growth rate (gs) equals the long-term mature growth rate (g,), thus yielding the constant
growth rate model.

A simple example application will illustrate the method for calculating a cash flow stream with a declining growth
rate and a subsequent valuation analysis. Assume an initial cash flow of 1.00 that increases at an initial growth rate
of 24% declining asymptotically to a long-term growth rate of 2%, and a required rate of return of 10%. Evaluating
Equations 11 and 12 and the declining growth valuation model in Equation 15 yields a fair value of 43.00 at time
zero, as follows:

gs 24%
H, = 22 = =12 17
° T 5T 2% (17)
C, = Co(H,— L) = Co[Hy (14 g,)t — (Hy—1)] = 1.00[12 (1.02)t — 11] (18)
Hy(14+g,) Hy—1 12 (1.02) 12-1 (19)
Vo= C — = 1.00 - = 43.00
0 0 ( Rz — g, R 0.10 — 0.02 .10

Table 1 shows the results for calculating the first 10 years of the raw cash flows and their present values. Figure 1
further illustrates how the growth rate declines over a 100-year period in the future.
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Table 1. Calculating Cash Flows with a Declining Growth Rate (First 10 Years Shown)

Year H, L, Ht-Lt g PV(H) PV(L)  PV(HL)

0 12.00 11.00 1.00

1 12.24 11.00 1.24 24.00% 11.13  10.00 1.13
2 12.48 11.00 1.48 19.74%  10.32 9.09 1.23
3 12.73 11.00 1.73 16.82%  9.57 8.26 1.30
4 12.99 11.00 1.99 1468%  8.87 751 1.36
5 13.25 11.00 2.25 13.06%  8.23 6.83 1.40
6 1351 11.00 251 11.78%  7.63 6.21 1.42
7 13.78 11.00 2.78 10.75%  7.07 5.64 1.43
8 14.06 11.00 3.06 9.90%  6.56 5.13 1.43
9 14.34 11.00 3.34 9.19%  6.08 4.67 1.42
10 14.63 11.00 3.63 858%  5.64 4.24 1.40
30%
25%
20%
15%
10%

5%

0%

0 20 40 60 80 100

Figure 1. 24% Growth Rate Declining Asymptotically Towards a 2% Long-Term Growth Rate

When a discount rate reflecting a required rate of return of 10% is applied to the valuation of a cash flow stream with
a declining growth rate, a stream of present value cash flows is the result. This is illustrated in Figure 2. Note that the
present values are increasing (decreasing) when the growth rate is above (below) the required rate of return. Also,
when the initial growth rate is above the required rate of return, as the growth rate declines, the series reaches a
maximum when the growth rate equals the required rate of return. Figure 2 also shows that with a required rate of
return of 10%, the present values approach zero within a 100-year period.
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Figure 2. Present VValue Cash Flows Over 100 Years as Growth Declines to 2% (Required Return = 10%)
4. Comparison with Multi-Stage Constant Growth Models

As shown earlier, a commonly used method for estimating a cash flow stream with a declining growth rate is a
multi-stage model with various constant growth rate segments, such as the 2-stage model defined in Equations 3 and
4, or a 3-stage model as defined in Equation 5.  As a point of comparison, the 3-stage constant growth model can be
compared to the declining growth model by approximating the declining growth in three segments. For example, a
cash flow stream with an initial growth of 24% and decreasing asymptotically to 2% could be approximated by
constant growth segments of 18% for 5 years, 8% for 15 years, and 2% thereafter (see Figure 3).

30%
25%
20%
15%
10%

5%

0%

— )G e 3-Stage

Figure 3. A Comparison of Continuous Declining Growth and 3-Stage Constant Growth

Given an initial dividend of 1.00 at time zero, this choice of constant growth segments will yield approximately the
same dividend in 20 years as the declining growth model. Figure 4 shows the results of the present values over a
100-year period for these two approaches using a constant required return of 10% per year. The area under each
curve represents the sum of all present values for each approach (i.e., the current fair value).
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Figure 4. Present Value Cash Flows — Declining Growth vs. 3-Stage Constant

Applying Equation 5, the total valuation for the 3-stage approach (i.e., the present value of all future cash flows) is
36.85. This is a lower estimate of the fair value than the valuation of 43.00 using the declining growth model.

There are several problems with using a constant growth segmented approach in valuation analysis. First, growth
rates do not always remain constant for an extended period and then suddenly jump downwards. Under the life cycle
theory, the growth rate in a firm gradually decreases over time, and then stabilizes at a low growth rate (i.e., 2-3%
per year) throughout maturity. A second problem is that constant growth segments will result in a series of convex
curves for the present values, which curve upward when the constant growth is above the required return, and then
curve exponentially downward when the constant growth rate is below the required rate of return. And finally,
when the terminal value is assumed to be a constant growth perpetuity at maturity, the present value cash flow
stream will decrease asymptotically towards zero in a convex curve. In contrast, the present value series of cash
flows with a continuously declining growth rate is a concave function when the initial growth rate is higher than the
required rate of return, and reaches a peak at the point that the growth rate equals the required return. Then the
present values decline, gradually changing from a concave curve to a convex curve as they proceed towards zero and
the growth rate continues to decrease to the long-term growth rate through maturity. The convex present value
functions of constant growth segments are thus subject to a somewhat lower total valuation than the present values
from the continuous declining growth model, which have an initial concave function that gradually turns convex.

5. Comparison with the H-Model

The H-Model attempts to compensate for a declining growth rate, but still with a convex function of the present
value cash flow stream. The H-Model is

n
Dy (1+g) Do (7) (9s — 91) (20)
= +
Rg—g. Rg — g,

0

where n = period from time zero in which the growth declines from gsto g, and
Re = the required rate of return on equity.

Note that both terms are divided by a common denominator. The numerator of the second term adds to the beginning
dividend at time 1 (i.e., D;) to compensate for the additional value during the decline in growth rates. This enhanced
value is then treated as a constant growth perpetuity with a constant required rate of return. In this way, the H-Model
incorporates an estimate of a declining growth stage as well as a final mature stage. Repeating the previous example
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problem, a linear decline from 24% to 2% in the H-Model can be assumed over a 20-year period to compare to the
declining growth model, as illustrated in Figure 5.

30%
25%
20%
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15%
10%
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0%
0 20 40 60 80 100

= DG -—e—H -Model

Figure 5. A Comparison of Continuous Declining Growth and H-Model

Applying the H-Model to valuation yields
20
100 (1.02) (7) (24 —.02) (21)
© 7 .10-.02 .10 — .02
The calculated value of 40.25 in the H-Model is slightly lower than the declining growth model result of 43.00.
However, the underlying path of the present values for the H-Model valuation does not match the actual higher
growth phase when the growth rate is above the required rate of return on equity. Figure 6 shows the present value
cash flow pattern of the example valuation for the H-Model as compared to the declining growth model. Note that
the H-Model does not include a maximum point when the growth rate equals the required rate of return.

= 12.75 + 27.50 = 40.25

4.00

3.00

2.00

1.00

0.00
0 20 40 60 80 100

DG =—e— H-Model

Figure 6. Present VValue Cash Flows — Declining Growth Model vs. H-Model
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6. Comparison with the Ohlson-Juettner Model

The Ohlson-Juettner (OJ) Model is an earnings capitalization valuation model which includes abnormal earnings and
a built-in function to compensate for the effect on growth from the payout of dividends. It also contains a feature that
includes a declining growth rate cash flow stream, although this feature is not clearly explicit. The OJ Model is

E Z
1 1

(22)
1
Zy = E [Et+1+RDt_(1+R)Et]

Ziyn = A+ g Z;
where Z, = the capitalized abnormal earnings factor for any year t,
E, = the forward earnings over the next year,
E, = the forward earnings two years ahead, and
D, = the dividend to be paid one year from now.

In this case, earnings rather than dividends are expected to grow initially at 24% per year and decline asymptotically
to a long-term growth of 2% per year. The declining growth rates within the OJ model are not readily apparent in the
valuation equation, but are a function of the choice of Z; and the retention rate (b). It can be shown that the growth
rates for net income will be gs=24% and g, =2% when the values of Z, and b are chosen as

gs— 9. -24-.02 g, .02
— — — . —_—— e— . 23
Z; 7 010 22 and b 2 =010~ 02 (23)
With these parameters, the valuation of the OJ model is
=y Ay 12 22 544 2750 = 3990 24
° R R-g, ° 010 010-0.02 7 T (24)

The valuation of the OJ model is based on earnings capitalization and therefore is not directly comparable to the
present value of a dividend cash flow stream. The valuation of the OJ model is not sensitive to the choice of retention
ratio or pattern of dividend payouts. However, adjusting the OJ model to result in a specific level of dividends and
declining growth rates does require specific values for earnings and the retention ratio. For example, the initial
earnings of 1.00 with a retention ratio of 0.2 yields an initial dividend of 0.80. By increasing the initial earnings to
1.25, the initial dividends will be 0.8 (1.25) = 1.00. With a constant retention ratio of 0.20, the initial dividend of
1.00 will grow initially at 24%, declining asymptotically to 2%. The 25% increase in earnings will therefore also
increase the model valuation in Equation 25 by 25% from 39.90 to 49.88. This modified result can now be compared
directly to the results from the declining growth valuation of 43.00. The somewhat higher valuation of 49.88 for the
0J model is due to a slower decline rate built into the OJ model as compared to the simple declining growth model.
Figure 7 illustrates that the declining growth rates are slightly higher for the OJ model. Figure 8 shows that the
dividend present value stream for the OJ Model is also slightly higher than the declining growth model, which
explains the slightly higher valuation. However, this example also demonstrates that the OJ Model is not
straightforward to apply when modeling a declining growth function.
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Figure 7. A Comparison of Continuous Declining Growth and the OJ Model)
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Figure 8. Present Value Cash Flows — Declining Growth Model vs. the OJ Model
7. Matching a Forecasted Cash Flow

In some cases, an analyst has access to or can develop a short-term forecast of future dividends or earnings. A nice
feature of the declining growth model is the ability to easily match a specific decline curve to a forecasted cash flow.
For example, IBES, Value Line, and other sources typically provide a forecast of earnings and/or dividends three to
five years into the future. A formula for matching a future cash flow can easily be derived from the definition of the
simplified form of the model. Substituting Equations 11 and 12 into Equation 13 and solving for C/C, yields

Ce

_ |9 ()| =% _
= are (1) = Tlavo -1 +1 (25)
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Solving for gs yields

_ (Gt )3
gs = (C_o_l) (1+g) -1 (26)

Equation 26 identifies the initial growth rate that will create a cash flow stream from Equation 13 that begins with a
cash flow of C,, passes through the forecasted value of C; and then the growth rate continues to decline
asymptoatically to the long-term growth rate of g,. The ease and simplicity of using the declining growth model can
be illustrated with another example calculation. Suppose at the beginning of the year an analyst estimates a dividend
of 3.56 for next year, 4.45 in two years, and a dividend of 5.45 for 5 years in the future (e.g., from a Value Line
forecast). The analyst also estimates a required return on equity of 7.25% and a long-term growth rate of 2% per year.
The estimated dividends for year 2 through 5 and beyond can be matched with Equation 26, as follows:

- (Ct 1) 9L - (5'45 1) 02 _ 734289 (27)
9s = \¢, A+g) -1 \245 (1027 -1 _ " °

Using this calculated initial growth rate of 7.3428%, a matching cash flow stream can be developed by applying
Equations 11 and 12 in year 2 of the forecast, as follows:

g5 7.3428%

H, = =
27 g 2%

= 3.6714 (28)

C, = C,[Hy, 1+ g,)t — (Hy, —1)] = 4.45[3.6714 (1.02) — 2.6714] (29)
Table 2 shows the results of this cash flow matching for the first 10 years of the forecast.
Table 2. Matching Cash Flows Beginning in Year 2 with a Declining Growth Rate (First 10 Years Shown)

Year H; L H; - L, C: g

1 3.5600

2 3.6714 2.6714 1.0000 4.4500

3 3.7448 2.6714 1.0734 4.7768 7.3428%
4 3.8197 2.6714 1.1483 5.1100 6.9773%
5 3.8961 2.6714 1.2247 5.4500 6.6527%
6 3.9740 2.6714 1.3026 5.7968 6.3625%
7 4.0535 2.6714 1.3821 6.1504 6.1015%
8 4.1346 2.6714 1.4632 6.5112 5.8657%
9 4.2173 2.6714 1.5459 6.8792 5.6515%

-
o

4.3016 2.6714 1.6302 7.2545 5.4561%

Note that the second-year cash flow of 4.45 three years later matches the 5-year cash flow of 5.45 with a continual
decrease in the growth rate as it declines asymptotically towards the long-term growth rate of 2% per year. Given
this data, the valuation model in Equation 15 can be applied as a terminal value at the end of year 2, as follows:
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o) ()
<9L+gs _\9L

V,= C
‘ ‘ Rg—g, Rg
(30)
(.073428 + 073426) (.073428 1)
V, = 445 -02 1 .02 = 15345
10725 — .02 L0725

A fair value of this stock as of the beginning of the current year would be the present value of the first two dividends
and a terminal value at the end of year 2, as follows:
D D %
Vo — 1 + 2 + 2
(1+R) (1+R)? (Q+R)?

3.56 4.45 153.45 (31)
VO = + +
(1.0725) © (1.0725)2 " (1.0725)2

Vo = 3.319 4+ 3.869 + 133.405 = 140.59
8. Summary

A valuation model with a declining growth rate is developed in this paper which provides the flexibility to match
more closely the cash flows for a firm that exhibits a typical life cycle pattern with a declining growth rate. This
model can easily incorporate a high initial growth rate which is above the required rate of return and which is
expected to decline to a lower mature growth rate over time. An example problem is illustrated to show the
differences in valuation an analyst might expect using this declining growth model as compared to a valuation model
with constant growth segments, the H-Model, and the Ohslon-Juettner model. Finally, the flexibility of this new
declining growth model is shown by demonstrating a method for matching an estimated future cash flow with a
stylized declining growth cash flow stream that declines to a long-term mature growth rate. The valuation examples
illustrate that this new declining growth model provides a flexible and practical method for the valuation of equities.
Future research will be necessary to empirically test the accuracy of this new model compared to existing equity
valuation models.
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