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1 Introduction

The link between accounting information and cost of equity capital is of fundamental interest
to accounting academicians and regulators alike. A number of recent studies (e.g., Fasley
and O’Hara 2004 and Lambert et. al. 2007) examine the relationship between the quality
of firms’ disclosures and their costs of equity capital. A firm’s cost of capital is equal to the
risk-free interest rate plus a risk premium which depends on the investors’ uncertainty about
future cash flows. Since the conditional variance (or covariance) of a firm’s future cash flows,
and hence the risk premium, declines in the precision of information available to the investors,
a central result in this literature is that cost of capital decreases in the quality of accounting
information. Based on single period settings in which shareholders trade only once after
release of information, these studies focus on the link between accounting information and
the ex-post cost of capital. However, when shareholders are also allowed to trade prior to
the public release of information, Christensen et al. (2010) find that the overall cost of
capital remains unchanged in the precision of such information, since the reduction in the
post-disclosure risk premium is precisely offset by the increase in the risk premium for the
pre-disclosure period.

These pre- and post-disclosure effects of the release of public information will concurrently
apply to each reporting period for an ongoing firm. Consequently, there is a need for exam-
ining the relationship between disclosure and periodic risk premia in a multiperiod setting.!
This paper develops such a dynamic model of an infinitely lived firm owned by overlapping
generations of investors. The overlapping generations model allows us to capture the notion
that the the firm’s life cycle exceeds the planning horizon of any single generation of finitely
lived investors. A key focus of our analysis is to examine the effect of growth in the firm’s
cash flows on the relationship between financial reporting and the firm’s cost of capital. To
model growth, we assume that the firm has access to a technology that allows it to generate
uncertain cash flows in each period, and the periodic cash flows depend on the history of
overlapping investments undertaken by the firm. The firm’s growth rate is measured by the
change in the investment level in the current period relative to that in the previous period.

Each generation of risk-averse investors buys the firm from the previous generation and

LChristensen et al. (2010) comment “ However, in a truly multi-period context (in which empirical studies
must be performed) it is less clear what will be the impact on period-by-period risk premia, since any interim
period has elements of both preposterior and an ex-post risk premium.”



sells it to the next generation at the end of their investment planning horizon. The share-
holders expect to earn returns in the form of cash dividends and capital gains resulting from
the sale of their shares to the investors of the next generation. The risk premium in each
period is therefore determined by the sum of the premium that the investors demand for
bearing the dividend risk and the premium associated with the resale price risk. In our
CARA-Normal framework, the periodic risk premium is proportional to the variance of the
terminal payoffs (i.e., dividends and resale price) of the current generation of investors.?

At the end of each period, the firm publicly releases an accounting statement that (i)
reports its historical performance (i.e., the cash flows realized in the current period), and (ii)
provides forward looking information about the cash flows to be realized in the next period.
A more informative accounting system reduces the conditional variance of the forthcoming
cash flows and hence lowers the risk premium demanded by the current shareholders for
bearing the dividend risk. However, a more precise accounting disclosure also makes the
resale price more volatile, which results in an increase in the risk premium associated with
the price component of the shareholders’ payoffs. Therefore the equilibrium relationship
between disclosure quality and the periodic risk premia depends on the relative strengths of
these two opposite effects. For instance, we find that the periodic risk premium decreases in
the precision of accounting information for a steady state firm. Though periodic cash flows
are equally risky for a steady state firm, the investors rationally assign less weight to the
price risk due to discounting, since the resale price reflects the expected cash flows in future
periods.

More generally, our analysis shows that the relationship between risk premium and ac-
counting information depends on the firm’s growth trajectory. Specifically, we find that
when the firm is growing at a rate slower than the risk-free interest rate, a more informative
accounting system results in lower risk premium. On the other hand, the risk premium
increases in the precision of accounting information for a firm in relatively fast growth phase
(i.e., when its growth rate exceeds the risk-free interest rate). As noted earlier, the periodic
risk premium is determined by the sum of the dividend risk, which declines in the quality of

accounting disclosures, and the price risk, which increases in the precision of accounting in-

2Since we model a single risky firm, any risk is systematic and priced as such. Our results readily extend
to multi-asset economies as long as asset returns are correlated. In a multi-firm setting, Lambert et al.
(2007) show that disclosure reduces not only the conditional variance of a firm’s own cash flows, but also
the conditional covariance with other firms’ cash flows.



formation. For a fast growing firm, the cash flows for more distant future periods are riskier
because they reflect the payoffs from the larger investments undertaken more recently. Since
the price risk depends on the uncertainty associated with these more distant payoffs, the
overall risk premium increases in the informativeness of the financial reporting system for
a fast growing firm. On the other hand, the dividend risk is the dominant determinant of
the overall risk premium for low growth firms, and the hence the risk premium decreases in
accounting information for such firms. These results highlight that the relationship between
cost of capital and quality of accounting disclosures crucially depends on a firm’s growth
trajectory. They also provide a potential explanation for the mixed empirical findings in this
literature (e.g., Botosan and Plumlee 2002).

Our analysis demonstrates that a similar relationship between growth and risk premium
holds when the investment payoffs are serially correlated. However, the threshold growth rate
(above which the risk premium increases in the precision of accounting information) is higher
than that when the cash flows are uncorrelated. In addition to varying with the forward-
looking component of accounting information, the market price now also varies with the cash
flows realized in the current period. Though higher quality disclosures increase the part of the
price risk related to the forward-looking component of such disclosures, they also reduce the
price variability due to uncertainty about the cash flows to be realized in the current period.
As a consequence, the price risk is less sensitive to accounting information and the overall
risk premium decreases in the precision of accounting information for a larger range of growth
rates. The threshold growth rate monotonically increases in the degree of correlation among
periodic cash flows. In the extreme case when the investment productivities follow a random
walk, the risk premium decreases in the precision of accounting information irrespective of
the growth rate.

The first part of our analysis focuses on a symmetric reporting regime in which the
precision of accounting disclosures does not depend on whether the underlying news is good
or bad. We next examine an asymmetric financial reporting regime in which bad news must
be disclosed on a more timely basis. Investment expenditures are initially capitalized as
assets on the firm’s balance sheet. At the interim date, the firm is required to mark-down
the book value of any asset whose current fair value has declined below its carrying value. If
the firm reports an asset write-down, it essentially reveals its one-period ahead cash flows to

the market in the current period. On the other hand, when no asset write-down is recognized,



the market can only infer that the next period’s cash flows are sufficiently high so as not
to trigger a write-down. Therefore the posterior variance of the firm’s future cash flows is
higher conditional on a good news report (no asset write-down) than that conditional on a
bad news report (asset write-down).3

The informativeness of the accounting system decreases in the degree of unconditional
conservatism. The reason is that the firm provides forward-looking information only when
there is an asset write-down, which is less likely if the assets’ initial book values are relatively
small; i.e., unconditional conservatism is relatively high.* Under asymmetric financial re-
porting, the periodic risk premium can be decomposed into: (i) an informational component,
which is the risk premium under a hypothetical reporting policy that is equally informative
but symmetric, and (ii) an asymmetric reporting component. We find that the asymmetric
reporting component of the overall risk premium is always negative. Therefore, consistent
with Suijs (2008), the overall risk premium is lower under a conditionally conservative re-
porting rule than under an equally informative symmetric reporting policy. Consistent with
our finding in the symmetric reporting setting, the informational component of the periodic
risk premium increases (decreases) in the degree of accounting conservatism for low (high)
growth firms.

Though the relationship between the overall risk premium and accounting conservatism is
generally ambiguous, we demonstrate that the informational component of the risk premium
dominates when the degree of risk aversion is sufficiently small. An interesting implication
is that, among the subset of high growth firms, the firms with more conservative accounting
will simultaneously have high price-to-book ratios and low expected risk premia (i.e., low ex-
pected returns). This result provides a potential explanation for the value premium observed
in stock returns. More generally, this analysis highlights that cross-sectional differences in
accounting rules and growth rates can explain at least a part of the cross-sectional variation
in expected returns.

We find that different generations of investors have divergent preferences for the qual-

ity and type of accounting information. The original owners of the firm prefer accounting

3In our model, conditional conservatism manifests through a direct application of the lower-of-cost-or-
market asset valuation rule and implies that low reports are more informative than high reports. However,
we note that an alternative definition of conditional conservatism, which requires that good news reports are
more informative than bad news reports, has also been used in the literature (e.g., Gigler et al. 2009).

4See Beaver and Ryan (2005) for an analysis of the interaction between conditional and unconditional
forms of accounting conservatism.



disclosure policies that reduce the total risk premium as measured by the discounted sum
of periodic risk premia. As a consequence, their welfare improves with more precise and
conditionally conservative disclosure policies. In contrast, the expected utilities of each sub-
sequent generation increase in the periodic risk premium during that generation’s investment
horizon.” Consequently, these investors are made worse-off with conditionally conservative
reporting policies and their preferences for the amount of public information depend on
growth during their investment horizons. The net impact of accounting information on total
social welfare will generally depend on how one weighs the utilities of different generations
in the overall social welfare function. However, this analysis makes clear that cost of capi-
tal is generally not an appropriate summary metric to compare the welfare implications of
alternative financial reporting policies.

In terms of the basic modeling framework, our paper is related to the asset pricing lit-
erature based on infinite horizon overlapping generations models with the CARA-Normal
structure (e.g., Spiegel 1998). In the accounting literature, Suijs (2008) uses a similar over-
lapping generations model to investigate the effect of conditional conservatism on the ex-ante
market price of the firm. Unlike our paper, however, Suijs (2008) does not characterize how
the quality of accounting information affects periodic risk premia and welfare of different
generations of investors. Our model with overlapping investments allows us to examine how
these relationships depend on the firm’s growth rate. Moreover, our information structure
enables us to examine the interaction between conditional and unconditional conservatism
and its effects on the relationships among variables such as price-to-book ratios and risk
premia.

A number of papers (e.g., Christensen et al. 2010, Easley and O’Hara 2004, Hughes et al.
2007, Lambert et al. 2007) investigate the relationship between accounting disclosures and
cost of capital. However, these papers model static single-period settings, and hence do not
investigate how growth affects the link between accounting information and risk premium,
which is a key focus of our dynamic analysis. Dye (1990) examines the effects of mandatory
and voluntary disclosures on welfare of the firm’s existing shareholders and the investors
who buy from them in a two-period overlapping generations model. Gao (2010) employs a

similar two-period model to evaluate the link between accounting information and cost of

5This is a consequence of the observation that investors generally prefer access to riskier assets, since
they can earn more surplus for bearing risks associated with these assets. See Dye (1990), Gao (2010), and
Kurlat and Veldkamp (2013) for similar results.



capital in a production setting. Beyer (2012) examines the effects of conditional conservatism
and aggregation on the cost of equity capital and debt contracts in a two-period production
setting.

The rest of the paper is organized as follows. Section 2 describes the basic setting. Sec-
tion 3 develops a model of symmetric financial reporting and characterizes the relationship
between the precision of accounting information and risk premium when periodic cash flows
are independent as well as when they are serially correlated. Section 4 considers an asym-
metric financial reporting setting and investigates how the degree of accounting conservatism

affects periodic risk premia and price-to-book ratios. Section 5 concludes the paper.

2 Model Setup

We consider an economy where shares of a single risky firm and a risk-free asset are traded
among overlapping generations of identical risk-averse investors. While the firm is an in-
finitely lived entity, investors live only for a finite time. Specifically, generation t investors
buy the shares of the firm from the previous generation at date ¢ — 1 and sell them to the
next generation at date ¢. The investors of each generation have homogenous prior beliefs
and symmetric information about the firm’s future cash flows. The firm’s shares are traded
in a perfectly competitive market. The supply of the firm’s shares is normalized to one. We
assume that the risk-free asset is in unlimited supply and yields a rate of return of r > 0.
Let v = I—Jlrr be the corresponding risk-free discount factor.

The firm undertakes a sequence of overlapping projects each with a useful life of two
periods. Specifically, we assume that an investment of I; dollars at date ¢ generates uncertain
cash flows of X,,» dollars at date ¢ + 2.° Therefore, during each period, the firm has
two projects in progress: one that will deliver cash flows at the end of the current period,
and one that will deliver cash flows at the end of the next period. Since our primary
objective is to investigate the relationship between investment growth and expected returns,
the firm’s investment policy (I3, Io, . . .) is exogenous to the model and assumed to be common

knowledge to all investors. To ensure that the firm does not grow without bound and the

expected firm price remains finite, we assume that the investment level is asymptotically

60ur results remain unchanged if the project undertaken at date ¢ delivers cash flows at the interim date
(date t 4+ 1) as well.



bounded from above by some 1.

Investment projects generate cash flows according to the following structure:
Xe =19 1y,

where z; is a random variable representing the investment productivity parameter in period
t. After period t cash flows are realized, the firm invests I; in the new project that will
generates payoffs in period ¢t + 2. We assume that the firm does not retain any cash and
hence X; — I, is distributed as dividends to the firm’s current shareholders. We interpret
X; — I; as net dividends (i.e., dividends in excess of capital contributions) and allow them
to be negative. The assumption that the firm does not carry any cash or financial asset is
without loss of generality, since dividend policy is irrelevant in our symmetric information
setting with unlimited and equal access to borrowing and lending at the risk-free rate.

At the end of period ¢, the firm publicly releases an accounting statement that (i) reports
the firm’s historical performance; i.e., the realized cash flow in the current period X;, and
(ii) conveys (potentially imperfect) information about the cash flows to be realized in the
next period, X;,;. The forward looking component of the accounting report is denoted by
(signal) S;, and the informativeness of the accounting system refers to the extent to which

S; reveals X; 1. Specifically, we assume that
St =11 s,

where s; is a signal of the investment productivity parameter in the next period, ;1. We
delay a more detailed specification of the information structure (e.g., the correlation between
s; and x441) to the next section. Subsequent to the firm’s public release of the accounting
report, (X, S;), the market for the firm’s shares opens and the current shareholders sell their
stock to the investors of next generation.

In period ¢, the sequence of events is as follows:
e Cash flows (from the project started two periods ago) X; are realized.
e The investment in the new project, I;, is made.

e The current shareholders (i.e., generation t) receive a net dividend of X; — I;.



e The accounting report (X, S;) is released to the market.

e The market for the firm’s shares opens, and the firm is sold to the investors of next

generation (i.e., generation t + 1).
e The investors of generation ¢ consume their terminal wealth.

As the timeline above makes clear, the price that generation ¢+ 1 investors are willing to
pay to buy the firm from the previous generation reflects their beliefs about the cash flows
that the project in progress will deliver at date ¢t + 1 (conditional on the accounting report
St), the amount of cash needed for the next period’s investment, as well the price at which
the firm can be resold at date ¢t + 1 to the next generation.

Each generation consists of a continuum of investors (with unit mass) who act as price
takers in the stock market. Since investors are identical and have symmetric information, it
is without loss of generality to represent each generation by a single representative investor.
The representative investor of generation ¢ seeks to maximize the expected utility of his
consumption at the end of period ¢, ¢;. For each t = 1,2,..., the expected utility takes the

following mean-variance form:

EU, (¢;) = Ey1 (er) — = - p-Vary_y (¢p) (1)

N | =

where ¢; denotes the investor’s consumption (terminal wealth) at date ¢, p is the coefficient
of risk aversion, and E;_; (-) and Var;—; (-) denote the expectation and variance operators
conditional on the information available at date ¢t — 1 (i.e., the beginning of period t). The
next section considers a setting in which the investment payoffs and the related accounting
variables are jointly normally distributed. Therefore, conditional on the information available
at date t — 1, the representative investor’s date ¢ consumption ¢; is also normally distributed.
In this setting, the reduced form of preferences in (1) is equivalent to the assumption that
the investor possesses negative exponential utility with coefficient of constant absolute risk

aversion CARA p; i.e., Ui(¢;) = —exp[—p - ¢1].



3 Accounting Information and Risk Premia

A number of recent accounting studies (e.g., Christensen et al. 2010) investigate the link
between information and expected returns (i.e., risk premium) in the class of models in which
risky assets’ payoffs and the related informational signals are normally distributed. Follow-
ing this literature, this section examines a setting in which the investment payoffs, and the
corresponding accounting reports, are jointly normally distributed.” While the earlier papers
in this area study static models, we study the relationship between accounting information
and risk premium in a dynamic setting with overlapping investments and overlapping gen-
erations of investors. We allow for more general distributions of cash flows and explicitly

model asymmetric financial reporting policies in Section 4.

3.1 Independent Cash Flows

In this subsection, we examine a setting in which the periodic investment payoffs are indepen-
dently distributed. To model normally distributed cash flows, suppose that the investment
productivity parameters, x; are drawn from a time-invariant normal distribution with mean
m (with m > 1) and variance 0. To examine the case of independent cash flows, we assume
that the investment productivities z; are serially uncorrelated. The scaled accounting signal,

S¢, measures the investment productivity in period ¢ + 1 with noise:

S¢ = Tyq1 + M.

The noise terms 7, are serially uncorrelated and drawn from identical normal distributions
with mean zero and variance (772]. Under this formulation, we note that the informativeness
of the accounting system is simply given by Ui%, the precision of s;.

Let ¢, = (X}, S;) denote the accounting information that is publicly released at date
t. From the perspective of predicting the distributions of future cash flows, the current
accounting signal S; is a sufficient statistics for the entire history of information (¢, ..., ¢;)
available at date ¢, since the investment payoffs X; and accounting signals S; are both serially

uncorrelated.

"This formulation is also consistent with much of the work in the noisy rational expectation literature
(e.g, Kyle 1985 and Grossman and Stigliz 1980) as well as the overlapping generations models of asset pricing
in the cArRA-Normal framework (e.g., Spiegel 1998).



Our primary objective is to examine how accounting information and investment growth
impact on the risk premium that the rational investors demand for holding the firm. To
formally define the risk premium, let P, denote the price of the firm at date ¢t. Generation
t 4+ 1 buys the firm at price P; , gets a net dividend of X;,; — I;11, and sell the firm at price
P, 1 to the next generation. The ex-post risk premium in period ¢ + 1 can then be written
as:

RP1(S) = Ey[Xip1 — Lyyr + Poa) = (1 +7) - P

The ex-ante risk premium RP;,; is defined as the expectation over S; of the ex-post risk
premium; i.e., RP;y1 = E[RP;41 (S;)]. For brevity, in the remainder of the paper, we refer
to the ex-ante risk premium as simply the risk premium.®

Before presenting an explicit expression for the risk premium, it will be useful to develop

some additional notation. Let

o2 = Vary(zy) = Var(ze|s,)

denote the posterior variance of x;.1. It can be easily checked that 012, = k- ag, where

k=

#2072]. The posterior variance of z;,; does not depend on the realization of s;, which is
a well-known property of the normal distribution. We also note that conditional on date ¢
information s;, the posterior mean of z;,; is given by Ey(z;11) = (1 — k) -m + k- s;. From
an ex-ante perspective, this posterior mean is a normally distributed random variable with
variance o2, where

(Ta2 = Vart,l [Et (.Z'tJrl)] .

It is easily verified that 02 = k - 02, and the law of total variance holds; i.e.,

As expected, ag decreases in the precision of accounting information (i.e., #), while o2
n

increases as accounting information becomes more precise. Therefore we will sometimes use

8We note that RP;;1(S;) does not depend on the realized value of S; for the case of normally distributed
cash flows, and hence the ex-ante and ex-post measures of risk premium are identical for the normal case. We
provide this definition for more general distributions used in connection with asymmetric financial reporting
in Section 4.

10



the magnitude of o2 as a measure of the informativeness of the accounting system.?

Lemma 1. Assume that X; and S; are jointly normally distributed for all t. The risk

premium in period t + 1 1s given by:
RPuy =p- (IZy -0y +77 - 17 - 07) (2)

for all t.

When the investors of the current generation buy the firm’s stock at date ¢, they expect
to receive two different forms of payoffs at date ¢ + 1: (i) the dividends in the amount of
Xi11 — Ii11, and (ii) Py, the price at which they sell their shares to the next generation.
We note that both of these payoffs are uncertain from the perspective of date t. While the
first term on the right-hand side of (2) reflects the risk premium that the investors earn for
bearing the dividend risk, the second term captures the risk premium associated with the
resale price component of the payoffs.!

To provide further intuition for these two components, we note that a standard result
for mean-variance preferences of the form in (1) is that the equilibrium price for uncertain
payoff y is given by p =7 - [E(y) — p- Var(y)].'* Thus date ¢ market price must satisfy the

following equilibrium condition:
Py =~ [EB(Xip1 — Iyr + Pipr) — p- Vard Xepq + Py

This implies that the equilibrium amount of risk premium earned by generation t+41 investors
is given by the term p-Var, (X 1+ P,y1). As expected, the risk premium increases in the risk
aversion parameter p and the variability of the payoffs. Since investment payoffs are serially

uncorrelated, the cash flows in period t+1, X;,1, are uncorrelated with the one-period ahead

9For instance, if the accounting reports are perfectly informative about the next period cash flows (i.e.,
0727 = 0), then the conditional variance of these cash flows is zero (i.e., O’Z = 0), while o2 is equal to o2 because
Ei(x441) is simply xy1. At the other extreme, when the accounting reports are entirely uninformative, the
posterior variance of the one-period-ahead cash flows remains the same as the prior variance (i.e., 012) =0?),
while 02 = 0 because date E;(z;41) is simply equal to the non-stochastic prior mean of z; .

10Since our model has a single risky asset, any risk is systematic and is priced as such. However, our results
can be readily extended to a multi-asset economy as long as asset returns are correlated. See Hughes et al.
(2007) and Lambert et al. (2007) for analysis of the relationship between risk premium and information in
single period models with mutltiple assets.

1Gee the proof of Lemma 1 in the Appendix for a formal argument.

11



market price, P;;1. The expression for the risk premium can thus be written as:
RFP1 = p-Vary(Xep) + p- Vard(Pea).

That is, the equilibrium risk premium, RF;, 4, is the sum of the investors’ compensation for
bearing (i) the dividend risk as measured by Var(X;41) = I}, - 07, and (ii) the resale price
risk as measured by Var,(P1).

To calculate Vary(P;y1), we note that P, ; must satisfy the market clearing condition:

Py =7 [EBi1(Xeso + Pryo — Liy2) — p- Varg 1 (Xie + Pigo)] -

Since period ¢ + 1 accounting information s;;; is uncorrelated with the one-period-ahead
market price Py o, date t+1 expectation of the price, Fy1(P,y2), is non-stochastic. Since the
conditional variance for bivariate normal distributions does not depend on the conditioning

variable, Vary 1(X¢i2 + Piyo) is also non-stochastic.'? It thus follows that:
Vary(Pra) =72 - Vary By (X)) =22 - 17 - or. (3)

To summarize, equation (2) demonstrates that the investors buying the firm at date ¢ are
exposed: (i) to the uncertainty of the payoffs from project I;_1, since these payoffs directly
affect their dividends, and (ii) to the uncertainty of the payoff from project I indirectly
through these payoffs’ effect on the firm’s resale price at date ¢t + 1. The risk premium
term corresponding to project I; is discounted by 7 because P, reflects the (one-period)
discounted value of X;. 5, and the risk premium is proportional to the variance in our mean-
variance framework.

To formulate our first proposition, let u; denote the investment growth rate in period ¢;
ie.,

I = (1+ py) - L.
Proposition 1. Assume that cash flows and the corresponding accounting signals are jointly

normally distributed. The risk premium in period t + 1 decreases (increases) in the informa-

tiveness of the accounting system if py < r (g >1).

12\We confirm in the Appendix that the equilibrium market price P, is a linear function of the current
accounting signal s;, and hence normally distributed. Therefore X;;9 and P;;2 are both normal from the
perspective of date t + 1.

12



This result highlights that the equilibrium relationship between risk premium and ac-
counting information depends on the firm’s growth trajectory. When investments are grow-
ing relatively slowly (i.e., p; < r), a more informative accounting system results in lower
risk premium. On the other hand, the risk premium increases in the precision of accounting
information for firms in relatively fast growth phase (i.e., u; > 7).

To explain the intuition for this result, we recall that investors of each generation are
subject to a dividend risk, which is proportional to Var,(zi1) = 012,, and a (resale) price
risk, as measured by Vary[F;,1(zi2)] = 02. While a more informative accounting system
reduces the dividend risk, it also makes the resale price more volatile by increasing 2. By
the law of total variance, o 4+ 0, = 0, and hence the risk premium in period ¢ 4 1 can be
written as:

RPyy=p-[Ify -0+ (V- I} = I7,) - 03]

a

Therefore, the net effect of accounting information on the overall risk premium depends
on the weights assigned to the dividend and price risk components (i.e., I;_; and = - I,
respectively). For a fast growing firms, the investors rationally assign more weight to the
price risk; that is the risk associated with payoffs from the more recent project I;. As a
result, the overall risk premium for a fast growing firm increases in the precision of accounting
information. On the other hand, the dividend risk is the dominant determinant of the overall
risk premium for low growth firms (i.e., the firms for which v - I; < I, 1), and hence the risk
premium decreases in the informativeness of the accounting system for such firms.
Christensen et al. (2010) and Lambert et al. (2007) also investigate the link between
accounting information and risk premium in symmetric information settings within the class
of Normal-CARA models. In a single period setting with public disclosure, Lambert et al.
(2007) show that the risk premium subsequent to public disclosure decreases in the precision
of that disclosure. Christensen et al. (2010) consider a setting in which the investors can
trade before, as well as after, public disclosure. They find that the reduction in the ex-post
risk premium following a more informative disclosure is precisely offset by the increase in the
risk premium for the period before disclosure. As a consequence, the overall risk premium
covering the entire (two-period) horizon of the firm remains unchanged. The investors in
the model of Christensen et al. (2010) are subject to the posterior variance of the terminal
dividend in the period subsequent to the release of public disclosure and to the price risk

(referred to as the preposterior risk) in the period prior to public disclosure. While a more

13



informative public disclosure reduces the posterior risk premium, the law of total variance
implies that the preposterior risk premium increases by the offsetting amount, and hence the
overall risk premium is independent of the public report.

In contrast to the above result, our analysis shows that the risk premium generally varies
with the precision of accounting information. It can be readily verified that the overall
risk premium decreases in the quality of accounting information even when our overlapping
generations model is reduced to a two-period setting with a single terminal payoff (which
corresponds to the setting in Christensen et al 2010) as long as the risk-free rate r is non-zero.
This difference in the results arises from different assumptions about the investors’ planning
horizons in the two papers. In Christensen et al. (2010), the investors care only about the
uncertainty of the terminal payoff (but not the intermediate price), since they can hold the
firm for its entire duration of two periods. In our overlapping generations model, however,
the original shareholders are concerned about the risk associated with the intermediate price.

While the reduced risk premium (i.e, the cost of capital) is frequently used as a justifi-
cation for more accounting disclosures, our analysis allows us to explicitly characterize the
impact of accounting information on investors’ equilibrium expected utilities. Surprisingly,

the result below shows that investors’ welfare and risk premium are positively associated.

Corollary 1. The equilibrium expected utility of generation t + 1 investors decreases (in-

creases) in the informativeness of the accounting system if p, <r (uy > ).

Following a low (high) growth period, the representative investor’s expected utility is
maximized by the least (most) informative reporting system. At first glance, this result
appears counter-intuitive. Combined with Proposition 1, this result implies that a lowering
of the ex-ante risk premium reduces investors’ welfare. Put differently, investors prefer to
have access to riskier payoffs. To understand the intuition, note that the price of the firm

must satisfy the following equilibrium condition:

P =75+ [Ei(Yisr) = p- Var(Yia)),

where Y, 1 = X1 — ;41 + P11 denotes the firm’s cum-dividend price at date t + 1. The

investor’s expected utility is given by:

EU, = E,[Yysy — (1+71)- P — g Var(Yis). (4)

14



As Vary(Yyy1) increases by one unit, the investor’s consumption becomes more risky and the
equilibrium price drops by = - p units. This implies that the expected return of holding the
risky asset, Fy[Y; 11 — (14 1) - P, increases by p -~ - (14 r) = p units. This is the indirect
effect of increased variance on the investor’s expected utility as given by the first term on
the right-hand side of (4). An increase of one unit of variance also has the direct effect, as
captured by the second term on the right hand side of (4), of reducing the investor’s expected
utility by £ units. In the mean-variance framework, therefore, the indirect effect of increased
expected returns dominates and the investor’s expected utility is increasing in Vary (Y1)
and hence in the risk premium.!® The result then follows from Proposition 1.

Corollary 1 implies that, in our overlapping generations model, the impact of accounting
information on total social welfare will generally depend on how one weighs the utilities of
different generations in the overall social welfare function. Moreover, we note that Corollary
1 characterizes the effect of accounting information on the welfare of each generation of
investors, but not on the original owners of the firm. The original owners sell the firm to the
first generation of investors at price F,, which is given by the discounted sum of expected

future cash flows net of periodic risk premia; i.e.,

0
Py=> 4"-[Eo(X;) = I, - RP)].
t=1
The original owners’ welfare is therefore maximized by the accounting disclosure policy
that minimizes the total risk premium as measured by the discounted sum of periodic risk
risk premia Y >, 4" - RP,. To see how the total risk premium varies with the precision of
accounting information, note that accounting information S; shifts some of the risk associated
with period t+1 cash flows X, from generation ¢t+1 to generation t. For instance, relative to
a policy of no disclosure, a policy of complete disclosure (0727 = 0) effectively advances the risk
associated with each project by one period. Hence the present value of future periodic risk
premia decreases in the informativeness of the accounting system.!* Consequently, unlike

the future generations of investors whose preferences for accounting information depend

13This intuition is based on a similar finding in Kurlat and Veldkamp (2013), who also argue that this
result (i.e., investors prefer riskier payoffs) is likely to remain valid in settings beyond the Normal-CARA
framework. See also Dye (1990) and Gao (2010) for similar results.

14To see this explicitly, note that the total risk premium can be expressed as Y o, 7' - I7 5 (012, +v-02). It
thus follows that the total risk premium decreases in the precision of accounting information, since 0}27 +7-02
decreases in the informativeness of accounting for v < 1.
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on the firm’s growth rate during their investment horizons, the original owners’ welfare
unambiguously increases in the precision of accounting information. This is consistent with
Suijs (2008) who examines an overlapping generations model of a steady state firm and finds
that more informative accounting disclosures lead to higher expected payoffs for the firm’s

original shareholders.

3.2 Correlated Cash Flows

We have thus far assumed that the firm’s earnings (cash flows) are serially uncorrelated.
In this subsection, we investigate an extension of our basic model in which the investment
payoffs are positively correlated across periods. Specifically, suppose that the investment pro-
ductivity parameters x; evolve according to the following mean-reverting stochastic process

with unconditional mean m (with m > 1):
rp=w- -z 1+ (1 —w) -m+ ey,

where w is a commonly known persistence parameter between zero and one. The innovation
terms ¢; are serially uncorrelated and follow a joint normal distribution with mean zero and
variance o2. The total gross cash flow in period ¢ is again given by I;_5-x, and the accounting
signal S; = I,_1 - s; provides information about period ¢t + 1 cash flows X;,;. As before, s; is
a noisy measure of the investment productivity in the next period, z;;1.

With uncorrelated cash flows, the current accounting signal s, was sufficient for the
entire history of information for the purpose of predicting future cash flows. In contrast,
when cash flows are autocorrelated, the current cash flow parameter x; also provides useful
information for predicting future cash flows. With autocorrelated cash flows, the current
accounting report ¢, = (x4, s;) constitutes a sufficient statistics for the history of information
(¢1,...,¢). It will be convenient to normalize the accounting signal to §; = s, — E[xs 1|2

We note that (z¢, ;) is informationally equivalent to (x, s;) and

St = €1 + M
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It can then be easily checked that:
B, =w -z + (1 —w") -m 4w Byer), (5)

where Fy(ey11) = k- 5, with k = #20%

Since cash flows are serially correlated, the realized value of cash flow in the current period
is informative about all future cash flows. The parameter w reflects the relative persistence of
the current cash flow news in predicting future cash flows. The case of w = 0 corresponds to
the uncorrelated cash flow scenario examined earlier. In this case, the prediction equation in
(5) simplifies to Ey(x441) = m+ Ey(e41) and Ey(x¢y,) is equal to the unconditional mean m
for all 7 > 2. The other polar case of w = 1 represents the scenario in which the investment

productivity parameters z; follow a random walk.

As before, we note that the risk premium in period ¢ 4 1 is given by:
RPt-H =pP- V(I?"t(XH_l + Pt+1). (6)

When the project payoffs are entirely transient (i.e., w = 0), the ex-dividend price P,y
does not depend on the current cash flow information X;,;, and hence X;,; and P, are
independent. With autocorrelated cash flows, however, a higher value of cash flow in the
current period raises the expectations of future cash flows, and hence X;,; and price P, are
no longer independent. To understand how the price varies with the current cash flow news,
we note from equation (5) that the present value of future expected cash flows, > °>2 7 -

Ei1(X4iry1), increases in x4 at the rate of v - w - Q;, where

o0

Qi = Z(y'w)T iy s
=0
As expected, the “cash flow response coefficient” (i.e., v - w - Q) is increasing in (i) the
persistence parameter w which amplifies the impact of current cash flow news x;,; on the
expected values of future productivity parameters, and (ii) the future investment amounts.
Similarly, equation (5) implies that the present value of expected future cash flows increases

in Fyyq(erv0) at the rate of v - Q. Consequently, the market price can be written as:

Py =7 Q- [w- x4+ Ega(eg2)] + a, (7)
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where « is some constant independent of the current information and E;.1(g440) =k - 8441.
Substituting the above in (6) and noting that Vary(z1) = op and VaryEy(ei42)] = 03,
we get that the risk premium in period ¢ + 1 is given by:

RPs = p- (@22 442 G2 ?). ®

A comparison with the expression for the risk premium in the uncorrelated case reveals
that I, ; and I; in (2) need to be replaced with Q;_; and @, respectively, to account for

serial correlation in the project cash flows.

Proposition 2. Suppose that the investment payoffs are autocorrelated. The risk premium in
period t+1 decreases in the informativeness of the accounting system if I,y > - (1 —w)-Qy,

and increases otherwise.

An immediate implication of the above result is that if the productivity parameters follow
a random walk (i.e., w = 1), the risk premium unambiguously decreases in the informative-
ness of the accounting report regardless of how investments vary over time. To understand

the intuition, it is helpful to expand equation (6) as follows:
P_l “RPy = VC”“t<Xt+1) + Va?“t(PtH) +2- CO'Ut(Xt—i—h Pt+1)

The first term on the right-hand-side of the above equation represents the dividend risk,
the second term reflects the price risk, and the last term captures the effect of correlation
between price and dividend on the overall risk premium. We note from (7) that the contem-
poraneous prices and dividends are positively correlated because both increase in the realized
value of productivity parameter x;.1. Therefore both the dividend risk and the correlation
between price and dividend are decreasing in the precision of accounting information, since
the posterior variance of x;,; decreases in the informativeness of accounting reports. Using

the expression for the price in (7), the price risk component can be written as:

0-]2)m'ce = ('7 ’ Qt)2 ) [w2 ' 0127 + 0-3,]

= (1 Q)" [0® =0y - (1 —w?),
where the last equality follows from the law of total variance (i.e., 02 + o7 = 0?). This
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shows that the price risk is independent of accounting information for the case when w = 1.
This implies that when the productivity parameters z; follow a random walk, the overall
risk premium unambiguously decreases in the amount of accounting information.

To understand why the price risk does not vary with accounting information for w = 1,
consider the policy of full disclosure; i.e., §;11 = &;40 with probability one. Under full
disclosure, Fyi1(g12) = €112 and the realized value of z;; becomes perfectly known to the
investors at date ¢. From date ¢ perspective, therefore, the resale price P,;; in (7) is subject
to only the risk associated with the innovation term ;5. Under the policy of non-disclosure
policy, we note that Fy1(e42) = 0 and hence P, is subject to only the risk associated with
x4 (i.e., the innovation term e,,1). Since the innovation terms are identically distributed,
the price risk remains unchanged at o2 in both cases. The same intuition applies for the
intermediate disclosure policies.

For w < 1, while a more informative accounting disclosure policy results in a more volatile

resale price (i.e., o2

orice iNCTEases), it also leads to a lower level of dividend risk and a lower

covariance between the dividend and price. Therefore, the relation between the risk premium
and accounting information depends on the value of the persistence parameter w and the
investment growth rates. Unlike the uncorrelated cash flows case, however, the link between
risk premia and accounting information generally depends on all future growth rates.

To characterize how growth affects the relationship between accounting information and
risk premium, we examine a setting in which the firm initially grows at a constant rate of
p until it achieves a steady state size at some future date T'. That is, I; = (14 p) - I;_; for
t < T and I; = Iy for all t > T. In the steady state phase, Proposition 2 shows that the
periodic risk premium unambiguously decreases in the quality of accounting information.
The result below characterizes the relation between risk premia and accounting information
during the firm’s growth phase.

Proposition 3. Suppose w € (0,1) and the firm grows at a constant rate until it reaches

rtw
P 1—w

a steady state size. Then there exists a pu* € (r ) such that the periodic risk premium
decreases (increases) in the precision of accounting information if the growth rate is less
(more) than p*. Moreover, the threshold growth rate pi* increases in the persistence parameter

w and approaches infinity as w — 1.

When the project payoffs are serially uncorrelated (i.e., w = 0), the periodic risk premium

decreases (increases) in accounting information if the current growth rate is below (above)
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the risk-free interest rate r. Proposition 3 shows that a similar relationship between growth
and risk premium holds when project payoffs are autocorrelated. However, the threshold
growth rate p* in the correlated case is higher than the one in the uncorrelated case (i.e.,
wr>r).

To understand why, notice from equation (7) that the market price in the correlated case
depends on the current cash flow news x;,; as well as on the forward-looking information
(through the term Fyyq[eii0]). As before, the price variability related to the forward-looking
competent of accounting information increases in the informativeness of the accounting sys-
tem; i.e., the variance of Ej,i(e442) increases in the precision of accounting information.
However, a more precise accounting disclosure also lowers the price variability due to the the
uncertainty regarding the current period cash flow x;,;. Therefore an increase in the preci-
sion of accounting information results in a more muted increase in the price risk relative to
its corresponding impact on the dividend risk. Put differently, the price risk is less sensitive
to accounting information when cash flows are autocorrelated than when they are not. As a
consequence, the overall risk premium decreases in accounting information for a larger range
of growth rates for firms with serially correlated cash flows.

The threshold growth rate p* increases in the persistence parameter w because the price
risk becomes increasingly less sensitive to accounting information as w increases and periodic
cash flows become more highly autocorrelated. As discussed before, in the extreme when
investment cash flows follow a random walk (i.e., w = 1), the overall risk premium decreases

in the precision of accounting information regardless of the growth rate (i.e., u* — o).

4 Asymmetric Financial Reporting and Risk Premia

In the previous section, our analysis focused on a symmetric financial reporting regime in
which the firm was required to release information of the same precision irrespective of the
underlying news; i.e., whether the underlying information signified good news or bad news
with regard to the firm’s future prospects. In practice, financial reporting policies are usually
asymmetric in the sense that they call for differential recognition of good and bad news. For
example, under GAAP, firms are often required to mark down the values of their assets when
the current fair values of these assets have fallen below their historical costs. However, when

assets have appreciated in values, firms are generally not allowed to mark-up their book
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values. In this section, we investigate the relationship between risk premium and accounting
information when financial reporting policies are asymmetric in recognition of good and bad
news.

To model an asymmetric reporting regime, we assume that the firm initially capitalizes a
fraction A € [0, 1] of each project’s investment expenditures as an asset on its balance sheet.
That is, the projects undertaken at date ¢ are recorded in the firm’s balance sheet at an
initial book value of A - I;. The remaining (1 — \) fraction of the investment expenditures is
directly expensed as incurred and may reflect the expenditures in R&D and other activities
that are not recognized as assets in the financial statements.'® For notational simplicity, we
assume that no depreciation expense is recognized in the first period of the asset’s life. We
note that 1 — X represents the degree of unconditional conservatism of the financial reporting
system.

An alternative and equivalent interpretation of A is that the investment expenditures
I, are initially capitalized as an asset with a book value of I;, and 1 — A fraction of this
amount is subsequently recognized as depreciation expense in the first period of the asset’s
life. Under either of these two interpretations, date t + 1 book value of the asset (prior to
any write-down) is equal to A+ I; and 1 — \ captures the extent of unconditional conservatism
of the accounting system.

The investment productivity parameters x; are drawn from identical and independent
distributions. Specifically, the random parameter x; is assumed to be drawn from a distribu-
tion F'(x;) with positive density f(z;) over the interval [z, Z] with mean m > 1 and variance
o2. We allow for the support of the distribution to be unbounded. The density function f(-)
is assumed to be continuous and bounded from above. Though we allow for the possibility
that the investment productivity parameters are normally distributed, we no longer impose
this assumption.

Our primary focus in this section is on asymmetric financial reporting rules that call
for more timely recognition of losses than gains (i.e., accounting rules that are conditionally
conservative). To model this, we assume that the firm receives perfect information about its

one-period ahead cash flows at the end of each period.!'® Thus, the realized value of X, ;

15The capitalization factor A can also be thought of as representing a verifiability threshold for recognition
of investment expenditures as assets. For instance, suppose the accounting rules require that the amount of
expenditures to be capitalized must be such that the likelihood of the asset’s future benefits exceeding the
capitalized amount is above some minimum threshold 1 — F'()).

16Qur results can be readily extended to a setting when the firm receives only an imperfect signal about
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becomes privately known to the firm at date . To introduce earlier recognition of bad news,
we assume that the firm is required to write down the book value of this asset to its current
fair value of X;,; if, and only if, the asset’s current fair value is less than the its carrying
value of A-I;_;. If Xy, is greater than A-I;_;, then the asset’s book value remains unchanged
at its initial value. Therefore, date ¢t book value of the project undertaken at date ¢t — 1 is

given by min {\- I, 1, X;11}. The firm’s book value at date ¢ is then given by:!"
Bt = min {)\ . [tflaXt+l} + )\ . [t~

Essentially, when the market observes a write-down, the fair value of the firm’s one-period
ahead cash flows becomes precisely known to the investors at date £. On the other hand,
when no write-down is reported, the market only knows that the next period’s cash flows
are sufficiently high so as not to trigger a write-down (i.e., X;11 > A - I;_1). Consequently,
the posterior variance of the cash flows conditional on a good news report (no write-down)
is higher than that conditional on a bad news report (when there is a write down).

We will use

St = min {)\ : [tfl, Xt+1}

to denote the information that becomes publicly available at date ¢ about the cash flows
to be realized in the next period (i.e., X;y1). Correspondingly, s, = min{\, x;;1} denotes
the investors’ date t information about the one-period ahead investment productivity x;. 1.
When the firm releases bad news (i.e., s; = ;11 < A), the investors have perfect information
about x;,1. Conditional on good news (i.e., s; = A), the investor’s posterior beliefs about

x441 are given by the following density function with support over [\, z]:

f(@41)
Tpr1|$e = A) = ————
f( t+1|t ) ]__F(A)?
where f(-) and F(-) denote the prior density and distribution functions, respectively.
With regard to the investors’ preferences, we again assume that the investors of each

generation are identical and their risk preferences are described by the linear mean-variance

future cash flows.

I"This expression for the book value reflects the capitalization factor interpretation of A. If 1 — \ were
interpreted as the depreciation factor for the first period of an asset’s life, then the firm’s book value would
become By = min{\ - I;_1, X;+1} + I;. Our results remain unchanged under this alternative formulation.
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utility function in (1). We note that even if the periodic cash flows are normally distributed,
the distributions of the accounting information variables S; would no longer be normal
because of conditional conservatism. Consequently, the reduced form of preferences in (1)
can no longer be derived from a more primitive specification that the investors have CARA
utility functions. One issue with the reduced form of linear mean-variance preferences is that
they are not necessarily consistent with the notion of first-order stochastic dominance. To

ensure first-order stochastic dominance, we require that:
[E(z|x > A) —p-Var(z|lz > X)] > A

The left-hand side of the above inequality represents the equilibrium price for a risky payoff
x with conditional distribution truncated from below at x = . Thus the inequality ensures
that the price of this risky asset exceeds the price of a certain payoff of A, since the risky
asset pays more than A in each state of the world.

We now turn to calculating the ex-ante risk premium given the asymmetric financial
reporting policy of the type described above. We recall from the analysis in the previous
section that the risk premium implicit in price P; is equal to the sum of the risk premia
associated with the forthcoming dividends, X;,;, and the resale price, P,;;. The ex-ante
risk premium associated with the dividend component of generation ¢ + 1 investors’ payoffs
is then given by:

p- B [Var, (Xin)). (9)

where we note that Var,(X;11) = 0 when s, < A and Vary(X; 1) = I? |- Var(z|z > \) when
St — A
To calculate the risk premium associated with the resale price of the firm’s shares, P; 1,

we note that P,,; must satisfy the following equilibrium condition:
Py =7 [Bryr (Xena — Lipo + Piya) — p- Varg (Xea + Prya)] .

Since period t + 1 accounting information s;;; is uncorrelated with the one-period-ahead

market price P9, we note that Ey,1(P12) and Vary,(P2) are both non-stochastic. From
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the perspective of date ¢, therefore, the risk premium associated with P, is equal to:

p-Var,(Pyr) = p-v* - Var [Eup (Xiya) — p- Varga (Xigs)] (10)

The total risk premium in period ¢+ 1 is then equal to the sum of the dividend and price
risk premia as given by equations (9) and (10), respectively. Expanding equation (10), the

overall risk premium can be written as RP, 1 = [Cy;1 + AC; 1, where:
[Cy1 = p- B [Vary (Xep)] + 97 p - Var, (B (Xigo)] (11)
and
ACi = p* 72 Ap-Var [Varg (Xeya)] = 2- Covy [Bry (Xiy2) , Varga (Xepa)l} . (12)

We will refer to IC;,, as the informational component and to AC;,; as the asymmetric
reporting component of the risk premium. The following lemma summarizes our observations

up to this point.

Lemma 2. Under an asymmetric financial reporting policy, the risk premium in period t+ 1
s given by:

RP 1 = 1C41 + ACy4, (13)
where ICy11 and ACyyq are as defined in (11) and (12), respectively.

Recall that under the normality assumption of the previous section, the variance of X; o
conditional on S;;; is constant, and, therefore, both terms of the asymmetric component in
equation (12) are equal to zero. Intuitively, the reporting policies considered in the previous
section are symmetric in the sense that the precision of the accounting signal does not
depend on whether the underlying news is good or bad. In contrast, under conditionally
conservative accounting, the posterior variance of X;,o is equal to zero when news is bad
(i.e., a write-down is observed), and is greater than zero when news is good (i.e., the cash
flows are high enough so as not to trigger a write-down). Therefore, the variance of the
conditional variance of X;,o given S;;; (the first term on the right-hand side of equation
(12)) is greater than zero. Moreover, the second term in the right-hand side of equation (12)

is positive for conditionally conservative accounting rules, since the posterior uncertainty
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about X, o is low (high) when the conditional expectation of X, is low enough to (high
enough not to) trigger a write-down.

The informational component given in equation (11), ICyy4, reflects the risk premium
associated with the posterior risk of the project in place, I;_1, as well the the preposterior
risk associated with the expected value of cash flows from the new project, I;. As in the
previous section, a more informative reporting policy results in lower posterior and higher
preposterior uncertainty for each project. Therefore, IC} 1, is determined by the investments
I; and I;_; and the informativeness of the reporting policy.

Our next Proposition characterizes how these two components of the risk premium depend

on the degree of accounting conservatism.
Proposition 4. Assume that the reporting policy is asymmetric.

i The informational component of the risk premium in period t + 1, I1Cy, 1, increases

(decreases) in unconditional conservatism if py <1 (up > r).
it The asymmetric component of the risk premium, ACy,1, is always (weakly) negative.

i For sufficiently small values of p, the overall risk premium in period t + 1, RP;yq,

increases (decreases) in unconditional conservatism if uy < r (g >1).

The first part above follows from the fact that the informativeness of the accounting
system decreases in the degree of unconditional conservatism as measured by A\~!. To see
this, we note that the accounting system provides forward-looking information about the
one-period ahead cash flows only if these cash flows are going to be below the asset’s current
book value. The accounting system becomes less informative as the degree of unconditional
conservatism A~! increases because the likelihood of an asset write-down declines in the
asset’s initial initial book value.'® Consistent with the result in Proposition 1, therefore the
informational component of the overall risk premium decreases (increases) in the degree of
accounting conservatism if u, < r (u; > r). Part (iii) of Proposition 4 is a consequence of
the observation that, for small values of p, the overall risk premium varies with accounting
conservatism in the same manner as its informational component.

The second part of Proposition 4 implies that the asymmetric recognition policy of con-

ditional conservatism [owers the overall risk premium (relative to what it would be under

18Beaver and Ryan (2005) characterizes the valuation and information implications of the interaction
between unconditional and conditional forms of accounting conservatism.
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an equally informative symmetric reporting policy). This result is consistent with the find-
ing of Suijs (2008). An intuitive explanation for this result is that the equilibrium prices
are less volatile under conditionally conservative reporting rules than under symmetric (or
aggressive) reporting policies. This effect is captured by the second-term of the asymmetric
reporting component in (12), which measures the covariance between the conditional ex-
pected value E;1(X;12) and the conditional variance Vary1(X;12). As discussed earlier
in connection with Lemma 2, this term is negative because posterior expected values and
variances are negatively correlated for conditionally conservative accounting rules. In con-
trast, these posterior means and variances would be uncorrelated for unbiased accounting
and positively correlated for aggressive accounting.

As discussed in connection with Corollary 1, welfare of the investors of generation t
increases in the ex-ante risk premium in that period for each ¢ > 1. Since conditional
conservatism has the effect of lowering the ex-ante risk premium, the investors of each gener-
ation are worse-off under a conditionally conservative financial reporting policy than under
an equally informative symmetric reporting policy. In contrast, the expected utility of the
firm’s original owners increases in the ex-ante price of the firm F,, which in turn decreases
in the discounted sum of periodic risk premia y 4" - RP,. Consistent with Suijs (2008),
therefore, we find that conditional conservatism improves the original shareholders’ welfare.

Proposition 4 highlights that the degree of unconditional conservatism is an important
determinant of periodic risk premia (and hence market prices), and the relationship between
conservatism and risk premium depends on growth. In light of this result, it is interesting to
investigate how accounting conservatism affects the relationship between price-to-book ratio

and risk-premium. Let PB; denote the price-to-book ratio calculated at date ¢:

By

PBy = —.
T B,

Both the numerator and the denominator of the price-to-book ratio depend on the realization
of the accounting signal, s;. To ensure that this ratio can be properly defined for all states

of the world, we assume that z = 0.

Proposition 5. For sufficiently small values of p, the expected price-to-book ratio, E [P By,

increases in the degree of unconditional conservatism.

Proposition 5 shows that the expected price-to-book ratio increases in expectation for
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both high-growth and low-growth firms. We show in the proof of Lemma 2 that the equi-
librium price is given by the expected value of future cash flows minus the discounted value
of future risk premia. Unconditional accounting conservatism affects future risk premia, and
therefore the market price at each date. The effect of conservatism on future risk premia is
generally ambiguous because it depends on future investment growth rates and the risk aver-
sion parameter p. However, unconditional conservatism also has a direct effect on the book
value of the firm. We show that the direct “denominator” effect of accounting conservatism
dominates the price effect for small values of p regardless of whether the firm’s growth rate
is above or below 7.

Taken together, part (iii) of Proposition 4 and Proposition 5 provide a potential expla-
nation for the value premium observed in stock returns. Specifically, for the subset of high
growth firms, these results show that the firms with more conservative accounting will simul-
taneously have high price-to-book ratios and low expected risk premia (i.e., low expected
returns). This suggests that at least a part of the value premium could be explained by
differences in accounting policies across firms. However, we note that our results predict the
opposite relation between price-to-book and risk premium for low growth firms. Without
sorting on growth rates, therefore, our analysis predicts that the average relation between
price-to-book ratio and stock returns will depend on the relative mix of high and low growth
firms in the economy. If growth rates for a majority of firms exceeded the risk-free rate of
interest, one would expect to find a negative association between price-to-book and expected
returns. More generally, our analysis highlights that the underlying investment growth and
accounting rules may be important in explaining the relation between price-to-book and

stock returns.

5 Conclusion

This paper studies the relationship between accounting information and risk premium (cost
of capital) in a dynamic setting with overlapping investments and overlapping generations
of investors. Our analysis demonstrates that the relationship between a firm’s cost of capital
and quality of its accounting disclosures crucially depends on the firm’s growth trajectory.
We also find that serial correlation among periodic cash flows plays a critical role in deter-

mining the nature of this relationship. Moreover, our analysis characterizes how growth and
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accounting conservatism interact to influence the link between disclosure and cost of capital
and between price-to-book ratios and stock returns. While we investigate a pure exchange
setting, our modeling framework can be readily adapted to production economies. In future
research, it will be interesting to examine how accounting disclosures affect cost of capital
directly as well as indirectly through their effects on firms’ internal investment decisions in

such models.
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Appendix

Proof of Lemma 1:

Let Y; = X; — I, + P, denote the payoff to generation ¢ from holding the firm from date
t—1 to date t and let w;_; be the initial wealth of generation ¢. If the representative investor
buys an a-fraction of the firm at date t — 1 and invests the remaining cash in the risk-less

security, the investor’s expected utility of consumption of his terminal wealth ¢;is given by
1
By [e] — 5 p-Var, e, (14)

where

a=a Y+ (w1 —a -P_1)(1+r).

Taking the price P,_; as given, the investor chooses o to maximize his expected utility in

(14). The optimal « is determined by the following first-order condition:
E Y| —P-(1+7r)—p-a-Var, [Y3] =0.
Therefore, the market clearing price (corresponding to aw = 1) is given by
by =7 (EBiaYi] = p-Var 1 [Yi]). (15)

Let us consider the following price process:

P, = Z v (Et [Xt+r - [t+7'] —p-Vary, [Xt+7] — P ’Y2 Vary -1 [Et+r [Xt+7+1]]) .
! (16)
Note that since z;,, and s;;._; are jointly normally distributed for all 7 and x;, is in-
dependent of all random variables realized up to date ¢t + 7 — 2, both Var,,, 1 [X;.,] and
Vary, 1 |Eir [Xi1r41]] are both measurable at date t.

The price P, given in equation (16) is independent of X; for all . Therefore,
Var,_1 [Yy] = Var,_1 [ Xy + Variq [P

Note further that all terms in the right hand side of equation (16) are constant from the
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perspective of date t — 1, except for the term

v Ey [Xt+1] )

which depends on the realization of S;.!9 Thus, if prices are given by equation (16), we have:
Var, 1 Y] = Var,_1 [ X)) + 9% - Var,, [Ey [ X41]] -

We can now verify that the market clearing condition (15) holds at all dates if the prices
are given by equation (16) :

Py = Z Vo (Bt [Xpsro1 = Tiira]) = p - Varge—2 [Xera] — p 3 - Vare,—o [Brir—1 [Xigr]])
= 7- Et [Xe =L —p-y - Vare oy [Xi] — p-~° - Vare [Ey [Xi]]
+’Y ny Et 1 Xt+T - -[t—‘rT] —p- Vart—i—r 1 [Xt+T] —p- 7 Vart—‘rT 1 [Et+T [Xt—i-T—‘,-l]])

= 7 Et—l Xe =L +P)—p-v- Va1 Y] =7 (B [Yi] —p-Var1 [V1]).
To conclude the proof, note that

RPyy = E[Y,u—(1+7r)B]=p - Var,[Y,]
= p- (Vary [Xen] +9° - Var, [Epa [Xep]])

where

VaTt [Xt+1] = It2—1 . 0'127

and

Var [Ep [Xiso]] = 17 - 0.

Proof of Proposition 1:
By Lemma 1,
RP 1 =p- (If_l . 013 + 2. ]f . 02) :

9Note that under the joint normality assumption, 7 - p- Var, [X;11] is the same for all realizations of Sy,
and, therefore, is a constant from the perspective of date t — 1.
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By the law of total variance,

Therefore, we have:

RPt+1 — 10(1152—10-;—’_72[302)
B (G () o~ o)
P]t2—172 (1+ Nt)2 ot +p- It2—1 (1 — 7 (1+ Mt)Q) Jf,.

Note that the first term in the right-hand side of the equation above does not depend on
the informativeness of the accounting system. Since the informativeness of the accounting
system is inversely related to the posterior variance of cash flows (i.e., Jf)), the second term

decreases (increases) in the informativeness of accounting signals if
(1 — ’72 . (1 +,th)2) > 0.

The latter condition is equivalent to p; < r.

Proof of Corollary 1:

The equilibrium expected utility of generation ¢ investor is given by:

p - Varg [V

DO | —

EU_y = EqY + (w1 — Po) (L + 7)) —

where w;_; is the investor’s initial endowment of wealth, Y; = X; — I, + P, is the cum-dividend
price of the firm at date t, and P,_; is the ex-dividend price at date ¢ — 1. Equation (15)
yields:

(1+7r)- Py =E 1Y) —p-Var,_1[Yi].

Substituting this in the above expression for the investor’s expected utility, we get

1
EUt_l = W1+ 5 P VCL?"t_l[Y;].
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The proof of Lemma 1 shows that RP, = p- Var,_1]Y;], and hence
1
EU_ 1 =wi g + 3 RP;.

It thus follows from Proposition 1 that generation ¢ investor’s expected utility decreases
(increases) in the informativeness of the accounting report if u < r(p; > r).

]

Proof of Proposition 2:
Step I:
We first prove that the market price of the firm as a function of date ¢ information (x, s;)

is given by:
P = ’Y'Qt—l'[w'<xt_m)+k'§t]+277'[m'It+T—2_]t+T]
T=1

P Z’y‘r ) [OZ% ) Q%-FT—? + 0-2 ’ Q?—&-T—l] ) (17)
T=1

where k = % and Q, = > (v -w)” - I1.. We note that the price in (17) is finite for
n

all ¢, since Q¢, Y o2, 7" - Q, and Y 2 | 47 - Q7 are all finite given our assumption that I; < I

for all t.

As before, the market price P, must satisfy the following equilibrium condition:
Py =7 (BYera] — p- VarYe]), (18)

where Yiy1 = I;_1 - 2441 — L1171 + Piyq. Equation (17) implies that:
Pipi=7-Q¢-[w- (01 —m) + k- 341] + Z’YT cm - Tyry — L] — Ay,
=1

where, for brevity, we define:

A1 =p- ZVT : [05 Qh . +o QL]
=1
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Substituting for P;,; from the above expression into the expression for Y; ; yields:

Yiii = (v w-Q)rga +v- k- Q-8 —m- (v-w) - Qy

+ ZVT . [m . ]t+7'—1 - It+7+1] - ]t+1 - At+1
T=1

= Q '35t+1+’7‘k'Qt'§t+1_m‘(’Y‘w)‘Qt‘l'ZVT_l'[m'7'1t+r—1—]t+r]—At+1,

T=1

where we have used ;1 = I;_1 + v - w - ; to derive the second equality.
We recall that

T = w2+ (1 —w) - m+ ey,

where {e;41} are 4id normal random variables and §; = ;1 + 1 with 1, ~ N(0, 02). Using

the formula for the conditional expectations gives:
E[€t+1|<§t] =k- <§t'

It thus follows that:
Et[It+1] :th+(1—w)m+k§t

Since E;[8;41] = 0, we get

EfYi] = Qua-[w-(zp—m)+k-5]+m-(Q1—7v-w-Q)
+ 27771 ey Lo — L) — A
=1
= Qt—l . [w . (It — m) + k- §t] + 2’77_1 : [m . .[t+7—_2 - It—i-T] - At+1, (19)
T=1

where we have again used Q1 = I;_1 + v - w - Q; to derive the second equality in (19).
We note that

Vardz,q] = Varle,|8) = aﬁ

and

Vart[k . '§t+1] = Var[k‘ . §t+1] = 0‘3.
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Since ;41 and 541 are independent, it follows that:
Var Yo =0, Qi+~ 02 - QF. (20)

Substituting for F;[Y;1] and Var[Y;;1] from equations (19-20) into the right hand side of
equation (18) yield

Y E(Yerr) —p-Vary(Yip)] = v Qea-[w-ze+ k- 8] + Z’YT me Ty o — Ity

T=1

—y A=y p-lon- QL+ 0n - QF)

Using the definition of A1, it can be easily verified that:

YD+ plog QL+ 0 Q=0 V- [on Qs a0 Q]

=1

It thus follows from (17) that;
v [Be(Yerr) — p- Var(Yi)] = P

We have thus verified that the equilibrium condition in (18) holds for all ¢ if the market price
is given by (17).
Step II:

From the proof of Step I, the risk premium in period ¢ + 1 is given by:

Rpt+1 = Et[Yzf+1_ (1+T)Pt]
= p-Var Y]

= ploy Qia+y" 0 Q.

From the law of total variance, we note that 0® = o2 + o7. Substituting this in the above

expression, we get

RP, :P‘U2‘Q§71+P"72‘[”72'(02?_@?71]-
Since o2 increases in the informativeness of the accounting report, the risk premium decreases
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(increases) in the informativeness of accounting when v - @, — (Q;_1 is negative (positive).

Using the fact that
Qi1=L1+7 w-Qy

we get

V= Q=7 (1—w) Q — . (21)

It thus follows that the ex-ante risk premium decreases (increases) in the informativeness of
the accounting report when I;_; is more (less) than - (1 —w) - @y, and is independent of
the accounting information when I, _; = v - (1 — w) - Q.

]

Proof of Proposition 3:
We recall from the proof of Proposition 2 that the risk premium decreases (increases) in

the precision of accounting information if v - Q; — Q11 is negative (positive), where

o0

Qi1 = Z('Y cw)" Tyt

7=0

Since the firm grows at a constant rate of pu from date ¢ — 1 through date 7" and reaches the

steady state size of I; 1 - (1+ u)T 7' at date T it follows that

Oy =1, - _1_[7-w-<1+#)]T—t+1 [»y.w.(1+u)]T—t+1:|
t—1 t—1 | l—yw- (1+p) 1—~-w )
and ]
Q=1 - 1—[y-w- (1+ p)]7t [,Y.w.(1+u>]T_t]
t t I 1—wa(1+u) 1_”)/10 .

For brevity, let us define
q=7-(1+n).

Using the above expressions for Q);_; and @), it can be verified that:

_ I'(q)
’Y.Qt_Qtfl_(1—w~q)~(1—w-7)’ (22)
where
Pg)=(1-w-7)-(¢g=1) = (g-w) ™" (1 -w)-(¢g—) (23)
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We note that I'(q) < 0 for all ¢ < 1. This implies that v - Q; — Q;_1 is negative for all
q <1 (ie., all g <r). It thus follows that the risk premium decreases in the precision of
accounting information for all all u < r.

We now investigate the sign of v - @y — ;1 for the values of greater than 1. Using
the definition in (23), it can be verified that (i) the function I'(:) is strictly concave, (ii)
(1) < 0, and (iii) T'(w™') = 0. Since w™" > 1, these facts imply that the function I'(q)
initially increases, takes its maximum value at some unique ¢ > 1 (with I'(¢) > 0), and then
decreases.

We need to consider two possibilities for the maximizer of T'(q): (i) ¢ < w™', and (ii)
¢ > w™t. In case (i), the function I'(¢) achieves its maximum at some point below w™!. As

a consequence, there exists a ¢* € (1,¢) such that I'(¢*) = T'(w™!) = 0 and:
i I'(q) <0forall ge(1,q"),
ii. T(g) >0 for all ¢ € (¢*,w™).
iii. T'(q) <0 for all ¢ > w1

Since (1 —w - y) > 0, we note from equation (22) that

sgnly - Q-1 — Qi) = sgn[I'(q) - (w™" — q)]. (24)

It thus follows that there exists a ¢* < w™! such that v- Q,_; — Q; is negative for all ¢ < ¢*,
and positive for all ¢ > ¢*. From the definition of ¢, we note that ¢ = 1 corresponds to
i = 7. Define:

pwr=01+r)-¢ -1

Therefore the risk premium decreases (increases) in the precision of accounting information
if the firm’s growth rate is less (more) than p*, where p* > r.

1

Consider now case (ii) above; that is, ¢ > w™". !

In this case, there exists a ¢* > w™
such that T'(q) is negative for ¢ € [1,w™!], positive for ¢ € (w™!, ¢*), and again negative for
q > ¢*. Therefore, it again follows from (24) that there exists a unique p* > r such that
v - Qi1 — @y is negative for p < p*, and positive for p > p*.

To derive the upper bound on p* given in the statement of Proposition 3, we substitute
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Q=1+~ -w-Quq and I; = (1 + p) - I;_1 in equation (21) to obtain

Y Q= Q=TI [y (L—w) (14 p) =1+ w- (1-w) - Qpar.

Since the second term on the right-hand side of the above equation is always positive, a

sufficient condition for v - Q; — Q;_1 to be positive is that

v —w)- (T4 p) =120,

which is equivalent to
r+w

“1l—w

Therefore the risk premium increases in the precision of accounting information for all p >

T2 This proves that the threshold growth rate y* must be such that p* € ( T+w).

) 1—w

]

Proof of Lemma 2:
Similarly to the first step of the proof of Lemma 1, one can verify that the market clearing

price of the firm’s stock must satisfy
Pry=7- (B [Yi] = p- Vare [V3]), (25)

where Y, = X, — I, + P,.
Observe that for 7 > 2, ICy,, and AC}, . are measurable at date t. Consider the following

price process:

P, = vE, [ Xip1] — vl — ypVarXen] — v pVar, (B [ X))
Vo Vary [Vare [ X)) + 27°0*Covy [Eryr [Xera] , Vare [Xego]] (26)

+ Z Y AE [ Xigr] = Ipir — IC 1 — ACY,) .

Note that in the expression above, only two terms, yE; [X;y1] and ypVary[X;11], depend on
S;. All other terms are independent of S; since X;,, for 7 > 2 is independent of all random
variables realized up to date t. Note further that P, in equation (26) is independent of X;.

Therefore, if prices are given by (26), we have:
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Var,_1 Y] = Var,, [ Xy + Var,[P]
= Varyy [Xi] +7° - Vary [E [ X))
+p2 : ’)/2VCL7”,5,1 [VCL’I} I:XtJrl]] —2- P ’)/2 . COUt,1 [Et [Xt+1] s Vart [Xt+1]¢27>

It follows from equation (26) that
By 1 Pt Z”Y Xt+7' Iy = ICy 7 — ACt+T) .

Let us now apply the equation above and equation (27) to expand the right-hand side of
equation (25):

V(B Y] —p-Vari [Yy]) = vE [ Xe) =L+ Z V(B [ Xpgr] = Liyr = IC s — ACy11)

—ypVare1 [Xi] —v pVart_l (B [Xet1]]
—p* P Var, [Var, [ Xe]] + 207 Cove_y [Ey [Xesa], Var, [Xiy1]]
= Ptfla

where the last equality follows from (26). Therefore, we have verified that the market-clearing
condition (25) holds at all dates if prices are given by (26).

The ex-ante risk premium in period ¢ + 1 is then given by:

RP1 = Epq[Yen — (1+7) B = Eq [pVary [Yi]]
=p B [Var [Xeq]] + 077 Vary [Ba (X))
+0° - Vary [Vary [Xeo]] =2 p% -7 - Covy [Er [Xiga] , Vare (X))
— ICpy + AC,.

Proof of Proposition 4:

Let us employ the following notation:

E [X;;Q} = F [Xt+2|8t+1 = )\} y
E[Xis] = E[Xpalsm <A,
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Var [X,,] = Var[Xeolsg = A

We first prove part (ii) to show that AC},4 is always non-positive. Observe that Var.; [X;4o]
is equal to zero with probability F (X) (when 242 < A) and to Var [X/},] with probability
1 — F (\). Therefore,

2

pVary [Var, [ Xl = pF (N) (1 = F (X)) (Var [X;;ﬂ) ) (28)
Note further that
Covy [Eyyr [Xigo] , Varya [Xegol] = Ei[E [Xogo] Vary [Xigo]] — By [Xiqo] By [Varg [Xigo]]

= (1-F(\)Var [X;;Q} E [Xttﬂ] —(1-=FW)Var [X;FQ] Ey [ X0
= (1-F(\))Var [X;:Lﬂ (E [X:-;-Q] — ki [XH-Q])
= (1=F\)F\)Var [X,] (B [X,] - B [X5,]). (29)

Equations (28) and (29) imply that
ACyi = =2 (1= F (\)F (\) Var [X;1,] (E [X/,] — B [Xi] - gVar [X;Q}) . (30)
It follows that ACy,, < 0, if
E X - gvc”” [Xiio] 2 B [ X0

which holds because of the first-order stochastic dominance assumption on preferences. This
proves claim (ii) of Proposition 4.
We next show that ICy;; increases (decreases) in the degree of accounting conservatism

if py < r (ue > r). Note that
ICt—l—l =p- It—l : Et—l [VCLT’t ['Tt—l-l]] + 72 P It : VCLT’t [Et+1 [LL’H_Q]] .
Since x;,1 and x;,o are identically distributed, the law of total variance implies:

By [Var [zia]] + Var, [Eyy [142]] = o2
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Our result will then follow from the same arguments as in the proof of Proposition 1 if we
show that
Vary [Epyr [Ti4]]

increases in A.

Consider some A" > A2 and let 81(5_1,_)1 and sﬁ)l be the accounting reports corresponding
to the policies given by A and A\?), respectively. Specifically, sgil = min {240, AD}. We

can construct the following random variable:
A=FE [:CtJrQ‘SE—lk)l} - E [$t+2|5§?1} -

Let us verify that
E [A|E [xt+2|s§?31” ~0 (31)

for all values of F [xt+2‘8§j_)1:|. If £ [wt+2|sgl] < A then 2,00 < A® < X and
A = x40 — x40 = 0. The event that {E [$t+2|s§_231} =F [:Bt+2|sﬁ)1 = )\(2)]} is the same
as {wy o > A(Q)}, and

EAE [wuals| = B [zealsii = A@]] = E[Alwis 2 2@
= kK [fl't+2|l’t+2 > )\(2)] -k [$t+2|$t+2 > /\(2)}

= 0.
Since
E [$t+2|5§.1|.)1] =LK [%nlﬁﬂ + A,

condition (31) implies that £ [mt+2|5§1+)1} is a mean-preserving spread of £ [xt+2|s§i)1} . There-
fore,

Vary [E [ﬂft+2|5§-121ﬂ > Var [E [$t+2|5§?1ﬂ ;

and we have shown that Var, [Fyy1 [x442]] increases in A\. This concludes the proof of part
(i) of Proposition 4.
We now turn to the proof of part (iii). Recall that

ACr = —20%(1— F(\)F (\) Var [X/,] (E (X)) — B [Xi] - gVar [X,;Q})
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= —20%2(1 = FO)WVar [X;3,] (B [Xs] = B[ Xew) = 5F () Var [X15,])
We can also rewrite 1Cy,; as:

IC = p-Liy- By [Varg[xga]l +9% - p- L - Vary [Ep [2040]]
1
= p (72‘/@7“ [Xito] + (—2 — 72> E,[Vary [Xt+2]]>
(14 1)

= Cy+pCy(r,p) - (1= F(\)Var [z7],

where C) = py2I2Var [xi9] > 0, Cy = I} <m - 72>, and Var(zT) = Var(ziio|si =
A). We note that C; is positive and does not depend on A, while C5 has the same sign as
r — p and is independent of .

Recall that the degree of conservatism is inversely related to A. To verify that for suffi-
ciently small values of p, the overall risk premium increases in conservatism for u; < r and
decreases in conservatism for p; > r, it suffices to check that if p is small, then the absolute

value of the derivative of ICyq with respect to \ exceeds that of the derivative of AC},;.

It can be verified that

A pO () £ ) (B[]~ )

2

and

OAC 41

= 2000 (B () <) (B () - B - pF ) Var (+))

— Var (27%) (E (zF) = A= gVar (:L‘+)>} :

where Cs = 27212 and E(z7) = FE(xi|si1 = ).

Since A < 1, there exist two constants C'; and Cj such that
(B[] - 1) = €,
and

(B (@) =0 (B («%) = E(x) — pF (\) Var ()
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—Var (x*) <E (:c*) —\— gVar (x*))) < (Cs
for all A. Then, there exists a py such that

pIC2 (r, ) |f (V) Cy = p*Cf (M) Cs

for any value of p < pg. It follows that for p < pg,

OAC
O\

0IC 1
O\

Z ‘

for all A < 1. Therefore, the derivative of the overall risk premium with respect to A will
have the same sign as the derivative of /C;,;. This concludes the proof of Proposition 4.

For future reference, we note that it follows from our discussion above that if p < py,

ORP,
2] < 2 f ) (B[] - A) (32)
< pCs
for some constant Cg and all values of A € [0, 1].
O

Proof of Proposition 5:

We need to show that for sufficiently small values of p, the expected market-to-book ratio
increases in the degree of accounting conservatism (decreases in \). In this proof, we use the
notation introduced in the proof of Proposition 4.

Let P (s¢, A) and By (s, A) denote, respectively, the price of the firm and its book value
at date ¢, given the accounting signal realization s, and capitalization factor A. Recall
that s; = min{x;.1,A\}. Therefore, the price function, P, (-, \), is discontinuous at A. The

expected market-to-book ratio can be written as:

A

BIPB] = [ T () ds+ (- FO)) 335

(33)

T

where P; (A, A\) and B; (A, \) denote the price and book value at date ¢ if no write-down is

observed.

42



It can be verified that inequality (32) and the expression for price in (26) imply that

there exist constants C'; and p; such that for all p < p;:

5’Pt (S, )\)

<
o =P

for all s < A, and

dP; (A N) < OVE [z7]

B (A N)

AU VY

C
S T T
)
— A I (B -
71_[7()\)( [‘T} )\)+p07
for all \.
Note further that for s < A,
8Bt (S, )\) 7
a)\ — 1ty
and
dB; (A, A
t;)\ ) =1+ 1
We can now use equation (33) to differentiate the expected market-to-book ratio with respect
to A:
¢ P
0 [ 72 s)ds Pr(AN
opipp) _ 1P O oo ron Ea)
o\ B O\ oA
A
pC7Bt (S,)\) _[tPt (S,)\) Pt ()\—,)\)
< d 2N TN —
< [ ERe A (g as+ 0D ()

+(1-F () e

O (B[] — A) + pc7) By (M) — (I 4+ Ly) Py (A N)

B (A, A)

)

where P, (A—,\) = lim,,,_ P; (s, ). For small values of p, P, (A—,\) — P, (A, A) can be

bounded as:

P,(A=N) = P, (\A) <y (A= E[27]) + pCs.
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Then, we have

OF | PBt A pC?Bt — L,P (s, ) pCs
/ S )\) f(S)dS—i-Bt()\,/\)f()\)
+(1=FQ) pCrBy (AN A) — (I + L) Py (A, )\).

B} (A A)

For sufficiently small values of p,?°

(1= F(X)

(e + Li1) P (M, A) +/Mf(s)ds

B (X, A) B} (s, A)

z

A
. p/cth (s,A)f( )deBf C7By (A, )

1-F —_— 4
for all A, and, therefore,
OF [PBy]
— = <0.
O\ -
O]

20Note that by choosing a sufficiently p, the first term in the LHS of (34) can be made to exceed the sum
of the second and third terms of the RHS for all A € [0, 1], whereas the second term in the LHS can be made
to exceed the first term in the RHS for all A € [0, 1].
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