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Abstract

The paper derives some implications for the price-book value model of Ohlson [1995]
and Feltham and Ohlson [1995] when earnings and dividends are subject to shocks
(random disturbances). The paper’s main conclusion is that a one-time autoregressive
earnings shock has a permanent effect on earnings, book value and dividends. Under a
particular parameterization, a positive earnings shock increases book value only to the
extent that its effect on productivity is transitory.



1. Introduction

Without exaggeration, the two papers by Ohlson [1995] and Feltham and Ohlson [1995]
constitute the most important development in capital market research in the last decade.
By developing a theoretical model of firm valuation based only on financial statements,
the papers provide a framework (or prototype) for conducting capital market research in
financial accounting.

The model relies on three basic assumptions: first, the present value of expected future
dividends determines value; second, there is a clean surplus relationship among book
value, earnings, and dividends; and third, an autoregressive model describes the
stochastic time-series behaviour of abnormal earnings. Using these three assumptions,
Ohlson and Feltham [1995] show that the market value of the firm equals book value plus
the present value of expected future abnormal earnings. Consequently, the model
provides a cohesive theory of firm valuation and a distinct role for each of the
fundamental variables of valuation, namely, earnings, book value, and dividends.

The objective of this paper is to study some of the implications for the price-book value
model of Feltham and Ohlson [1995] when earnings and dividends are subject to shocks
(random disturbances). The paper makes three analytically straightforward assumptions.
First, a linear technology produces earnings where book value is the sole technological
input (that is, a constant returns-to-scale function); second, clean surplus relation applies
as in Feltham and Ohlson [1995]; and third, a random walk model characterizes the
stochastic time-series behaviour of dividends. This setup is used to study the two types of
shocks (to earnings production and the dividend series). For each type of shock, the paper
derives closed-form solutions to the resulting dynamic equations. The main conclusion of
the paper is that a positive (favourable) shock to earnings increases book value (and
therefore price) only to the extent that its effect on productivity is transitory. If the effect
on productivity is permanent, the increase in earnings is matched by an equal increase in
dividends, resulting in an unchanged book value (and price). On the other hand, a shock
to dividends has only a very limited dynamic effect on both earnings and price.

2.The Model
2.1 Preliminary ideas

It is a well-known fact that the problem of valuation is very simple if future cash flows
are certain and there is one (risk-free) interest rate in the economy. First, the market value
of the firm equals the present value of its future cash flows (otherwise, there will be
intertemporal arbitrage opportunities). Second, the only relevant concept of earnings is
Hicksian (or what Scott [1997] refers to as the accretion of discount). That is, earnings
equal the risk-free interest rate times the present value of cash flows (that is, beginning-
of-period value of the firm). Third, market value equals book value. This last conclusion
is readily apparent in the context of Feltham and Ohlson [1995] valuation model which



shows that market value equals book value plus the present value of abnormal earnings. If
one defines abnormal earnings as the difference between actual and expected cash flows,
then there are no abnormal earnings under certainty and market value equals book value.
Book value alone suffices to determine both earnings and market value. In a steady state
(under no-growth), dividends equal earnings and the clean surplus relation reduces to a
constant, that is, the steady-state book value.

To make the above ideas more concrete and in anticipation of the uncertainty model to be
developed momentarily, define the following:

P, = market value of the firm’s equity at date t
X, = earnings for the period (t-1, t)

Y, = book value at date t

d, = dividends paid at date t

Then the following equations can be used to characterize the certainty model:
X, = Ky, , where Kk is the risk-free rate;

Yea =Y X _dt'
=, (clean surplus relation® under no growth, that is X, =d,.).
P, =y,, market value equals book value under no arbitrage.

From the perspective of this paper, the essential information provided by the certainty
model is that book value alone determines earnings, dividends, and market value.

2.2 The model under earnings shock

To maintain the neoclassical framework, the following three equations are used to
characterize the present value model under uncertainty:

X, = ky, +¢, 1)
Y = Yo X — dt (2)
Et (dt+l) = dt (3)

Equation (1) is the earnings equation with a stochastic term, e, = Ae, ; + ¢, modeled as

an autoregressive process with an autoregressive parameter, A, where 0< A1 <1 and
g s awhite noise process. Earnings are produced by a linear technology of one input

(that is, book value) and bombarded by an additive autoregressive shock. The earnings
parameter, k, is equal to the risk-free interest rate in the economy. In the context of
Ohlson [1995], book value suffices to determine earnings under constant returns to scale,
with k being the marginal productivity of book value?. The only uncertainty in the model
is characterized by the earnings shock, e, . Because e, enters into the earnings equation

additively, it does not affect k. Therefore, e, can be interpreted as an exogenous

endowment in each period®. In the context of econometrics, the earnings stochastic term
includes all other variables that might impinge upon the production of earnings. In
particular, it includes all non-accounting variables. The autoregressive model as the



appropriate stochastic process to describe e, is motivated by Assumption 3 (A3) of

Feltham and Ohlson [1995], which models non-accounting information (defined as v; in
Feltham and Ohlson [1995]) as an autoregressive process.

Equation (2) is the clean surplus relation, which states that the change in book value
equals earnings minus dividends (net of capital contributions). The relation means that all
changes in assets/liabilities unrelated to dividends must pass through the income
statement. Obviously, the clean surplus relation does not hold under GAAP since current
accounting standards permit some gains and losses to be charged directly to equity. But it
IS a good approximation that permits earnings and book value to be tied together.
Furthermore, with good disclosure, earnings implied by clean surplus (a comprehensive
income) can always be reconstructed.

Equation (3) is a random walk model of dividends. The random walk property of
dividends is very well known among financial economists and its invocation here is
without any loss of generality. However, since the analysis relies heavily on it, we must
point out to the reader that equation (3) can be derived from neoclassical assumptions,
but to do so will take us further afield.*

The modeling strategy is to determine dividends as a function of book value and the
stochastic term since earnings are a function of the same variables. The linearity in the
specification of the earnings function leads to a linear specification of the dividends
equation as:

d o =a+py, +me 4)
The next step is to solve for the optimal values of the parameters of the dividend function,
a and g of equation (4). A simple solution technique that is very useful is the method of

undetermined coefficients. To employ this solution technique, substitute (4) and (1) into
(2) to obtain:

Vi :—a+(1+k—ﬂ)yt +(1_T)et (5)
Substitute (4) into (3) to get

Ela+ By, + e l=a+py + (6)
Now, substituting (5) into (6) (and noting that E, (e,,;) = Ae, and E,(s,,,) =0) yields

a(l-p)+ pA+k=p)y, +(B1-7)+ Ar)e, = a + By, + 78, (7)
Equating coefficients in (7) yields

a=al-p0); pL+k-p) =74 pA-1)+Ar=1 (8)
Solve (8) to get

K
a=0;, p=k; sz %)

Substitute (9) into the dividends and book value equations, (4) and (5) respectively, to
obtain

d, = ky, + (10)

1-A+k



1-4
Yea =Yo7 &

Equations (1), (10), and (11) constitute the dynamic equations of the model. They are the
closed-form solutions of earnings, book value, and dividends to a stochastic earnings
disturbance that can be used to analyze the optimal responses of these three variables
following a realization of e, . To analyze the optimal responses, consider a one time
positive realization of e, suchthat e, =1, e,,; =0 forall i,i # 0. That is, the stochastic

earnings term is zero before and after date t.

1)

t+i

For A =0 so that the earnings shock is purely transitory, Equations (10) and (11)
simplify, respectively, to:

k

d, = ky, +—1+ " e, (12)
1

yt+1 = yt + l+ k et (13)

Clearly, from Equation (13), a transitory earnings shock increases book value.

For A =1 so that the earnings shock is permanent, Equations (10) and (11) simplify to:
d, =ky, +¢, (14)
Yiaa =Y (15)

From Equation (15), a permanent earnings shock has no effect on book value!

Thus, a positive earnings shock increases book value only to the extent that its effect on
productivity is transitory. If on the other hand the effect of the shock on productivity is
permanent, the increase in earnings is matched by an equal increase in dividends,
resulting in no change in book value.

Next, consider a one-time effect of earnings shock for the usual case where the
autoregressive parameter is between zero and one, i.e., 0< A <1.

At date t

Atdatet, y, is unaffected since from (11) y, is determined by y, ,, which is unaffected
by the realization of the shock at date t. From (1), x, is higher by 1 since e, =1 and from

(10), d, is higher by

1-A+k



At date t+1

1-4 .
At date t+1,e,,, = A and from (11), y,,, is higher by ————. This is because between

1-1+Kk

dates t and t+1 earnings increased by 1 while dividends increased by

1-A+k
K 1-
i - = k I
So the rest of the increase [1 - ( T k) 1 P ] was absorbed by book value,
-1
Y..;- From (1), earnings, x,,, are higher by k[1 P k]+/1. Finally from (10),
. 1
dividends, d,.,, are higher by k[1 Fm k]
At date t+2
1-
At date t+2, e,,, = 2°and from (11) y,,, is higher by - 1+k [1+A]. From (1), x,,, IS
2
higher by k{1 P k[1+/1]}+i and from (10) d,,, is higher by k[1 /1+k]'
At date t+s

By recursive substitutions, after s periods, at date t+s,

. 1- 2 _
Y., is increased by m[u At A

is increased b —lk[1+ A AL+ A
Xors y 1-2+k
d,.. isincreased b K[ : ]
s y 1 2+k

These optimal dynamic responses indicate that a one-time autoregressive earnings shock
will have a persistent effect on earnings, book value and dividends that will only be
reached asymptotically. Consequently, for an economy that is constantly bombarded by
shocks to earnings, the dynamic effects can be very large, even for a transitory earnings
shock.

2.3 The model under dividends shock
Under dividends shock, the only uncertainty emanates from dividends; in particular, there

IS no productivity shock and earnings are simply an accretion of discount. Under these
conditions, the three equations describing the model are:



Xy = kyt (1A)

Yia =Y X — dt (2)

Edy, =d, +u, (3A)
Equation (1A) is the earnings equation without the stochastic term. Equation (2) is the
clean surplus relation and equation (3A) is the random walk model of dividends with a
mean-zero, i.i.d. stochastic term, u, .

Again, the method of undetermined coefficients is used to determine the dynamic
response equations. To do so, assume that dividends are a linear function of book value
and the stochastic term:

d, =a+py, +au (16)
Substitute (16) and (1A) into (2) to obtain:

Yin ="+ (1+k _:B)yt -, (17)
Substituting (17) into (3A) (and noting that E,u,., = 0) yields:

a"'IBEt(yHl):a"'ﬁyt +(¢+1)ut (18)
Now substitute (17) into (18) and simplify to obtain:

a(l_ﬂ)+ﬂ(l+k_ﬂ)yt_¢ﬂut =a+ﬂyt+(¢+1)ut (19)
Equating coefficients in (19) yields

a=a(l-p), pA+k-B=p -¢B=9¢+1 (20)
Solve (20) to get

a=0;, pg=k;, ¢= 1ok (21)

Substitute (21) into the dividends and book value equations, (16) and (17), respectively,
to obtain:

d = kyt T U (22)

1
yt+l y’[ 1 k (23)

To determine the dynamlc effects, consider a one-time positive realization of dividends
shock at date t such that u, =1 and u,,;, =0 forall i,i = 0. That is, the stochastic
dividends term is zero before and after date t.

At date t

1 1
From (22), d, is lower by 1ok and from (23) vy,,, is higher by the same amount, 1ok

The reason is that the positive realization of u, =1 does not affect x, and y, so that the

1
entire drop in dividends of Tk is matched by an increase in book value by the same

amount.



At date t+1

1 1
At date t+1, with y,,, higher by 1ok earnings, X, ,, are higher by k(m) and

Tk 1 Atigs

dividends, d,_,, are higher by the same amount, k(——

t+1?

1+k
At date t+2 and beyond

From date t+2 onward, there will be no further dynamics. Book value stays at its new

1
higher level (m higher than at date t-1), earnings stay at their new higher level
(k( ) higher than from date t-1 to date t) and dividends paid stay at their new higher

level (k( ) higher than at date t-1).

Suppose an autoregressive process is used to model the dividends shock such as
u, =gu, , + &, where ¢ is an autoregressive parameter and ¢, is white noise, then

equations (22) and (23) become®, respectively,

dt:kyt_1+k_gut (24)
1
yt+1:yt+1+k_gut (25)

Once again, the effect of a one-time dividends shock on book value, earnings, and
dividends, after s periods (at date t+s), is derived by repetitive substitutions to yield,
respectively:

1
Yiss - s k[1+g+ +¢°]
Xire Tttt ‘]
d L[1+ +.46 ] - °
t+s 1 k g g +kg

Thus, a one-time autoregressive dividends shock will also have permanent effect on
earnings, book value and dividends that will only be reached asymptotically.
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2.4 Further discussion of the model

From the perspective of accounting, earnings shocks are potentially more valuation-
relevant than dividends shock since under clean surplus, valuation relates to book value
and expected future abnormal earnings. For this reason, earnings shocks are explored
further to gain more insights into their propagation mechanisms.

In Equation (1), earnings shock, e, , is modeled as an autoregressive process. For a more
general result, let us simply say that e, follows a given (but unspecified) stochastic
process. Then Equations (1), (2), and (3) can be solved (by repetitive substitutions) to
yield:
l o0
d, =k
t {yt + k Z (1+ k) t+s} (26)

k
———E 27
yt+1 yt +{e SZ(; (1+ k)s+1 tet+s} ( )

From Equation (26), dividends depend on current book value and the expected present

value of earnings shocks. The coefficient associated with e, is I This means that

e, can be treated as an annuity from which the firm draws down the interest for dividend
each period. Consequently, if movements in e, are transitory, there is dividend smoothing.

From (27), the change in book value is equal to the difference between the current value
of earnings shock and the expected present value of future earnings shocks’.

The analysis suggests two possible explanations of the dynamic effect of earnings shock.
One is that positive technological shocks generally lead to a higher book value that then
amplifies the initial effect of these shocks.? The other is dividend smoothing. That is,
when there is an earnings shock, an attempt to smooth out dividends may lead to serial
correlation in earnings.

3. Concluding remarks

Using a neoclassical model of security valuation with clean surplus, this paper shows that
positive earnings shocks are able to generate serial correlation in earnings. Therefore, the
paper provides a possible explanation for why there is persistence in earnings. Persistence
in earnings is the result of the optimal response of earnings to technological shocks to the
economy. The paper also derives the optimal dynamic responses of book value and
dividends to a one time technological shock.

Because firm valuation in a clean surplus model reduces, essentially, to the ability to
forecast earnings and book value, knowledge of the optimal dynamic structure of earnings
and book value is potentially useful in the forecasting effort.
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The setup in the paper is embryonic, only intended to explain the basic dynamic
mechanisms at work. Even so, the paper has succeeded in offering a cohesive framework
for analyzing earnings persistence and other shocks without assuming much.
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! Clean surplus relation is discussed in detail in the next section.

2 Kk is both the risk-free interest rate and the marginal productivity of the technological input.

® Such as manna from heaven, if you are biblically inclined.

* The interested reader is referred to Ansong (1999).

® The simple i.i.d assumption is used because it is more realistic than an autoregressive dividends shock.
® That is, equations (1A), (2), and (3A) can be solved to yield equations (24) and (25).

’ By assuming an autoregressive model for €, , (26) and (27) simplify to (10) and (11).

® Recall that book value is the only technological input of earnings production.



	Andrews Oppong
	School of Business Administration

	2.1 Preliminary ideas
	2.2 The model under earnings shock
	2.3 The model under dividends shock
	2.4 Further discussion of the model
	3. Concluding remarks

