Full text available at: http://dx.doi.org/10.1561/1400000008

Equity Valuation




Full text available at: http://dx.doi.org/10.1561/1400000008

Equity Valuation

Peter O. Christensen

School of Economics and Management
Aarhus University
Aarhus, Denmark

pochristensen@econ.au.dk

Gerald A. Feltham

Sauder School of Business
University of British Columbia
Vancouver, BC, Canada

gfeltham@shaw.ca

Now

the essence of knowledge

Boston — Delft



Full text available at: http://dx.doi.org/10.1561/1400000008

Foundations and Trends® in
Accounting

Published, sold and distributed by:
now Publishers Inc.

PO Box 1024

Hanover, MA 02339

USA

Tel. +1-781-985-4510
www.nowpublishers.com
sales@nowpublishers.com

Outside North America:
now Publishers Inc.

PO Box 179

2600 AD Delft

The Netherlands

Tel. +31-6-51115274

The preferred citation for this publication is P. O. Christensen and G. A. Feltham,

Equity Valuation, Foundation and Trends® in Accounting, vol 4, no 1, pp 1-112,
2009

ISBN: 978-1-60198-272-8
© 2009 P. O. Christensen and G. A. Feltham

All rights reserved. No part of this publication may be reproduced, stored in a retrieval
system, or transmitted in any form or by any means, mechanical, photocopying, recording
or otherwise, without prior written permission of the publishers.

Photocopying. In the USA: This journal is registered at the Copyright Clearance Cen-
ter, Inc., 222 Rosewood Drive, Danvers, MA 01923. Authorization to photocopy items for
internal or personal use, or the internal or personal use of specific clients, is granted by
now Publishers Inc for users registered with the Copyright Clearance Center (CCC). The
‘services’ for users can be found on the internet at: www.copyright.com

For those organizations that have been granted a photocopy license, a separate system
of payment has been arranged. Authorization does not extend to other kinds of copy-
ing, such as that for general distribution, for advertising or promotional purposes, for
creating new collective works, or for resale. In the rest of the world: Permission to pho-
tocopy must be obtained from the copyright owner. Please apply to now Publishers Inc.,
PO Box 1024, Hanover, MA 02339, USA; Tel. +1-781-871-0245; www.nowpublishers.com;
sales@nowpublishers.com

now Publishers Inc. has an exclusive license to publish this material worldwide. Permission
to use this content must be obtained from the copyright license holder. Please apply to now
Publishers, PO Box 179, 2600 AD Delft, The Netherlands, www.nowpublishers.com; e-mail:
sales@nowpublishers.com



Full text available at: http://dx.doi.org/10.1561/1400000008

Foundations and Trends® in
Accounting
Volume 4 Issue 1, 2009
Editorial Board

Editor-in-Chief:

Stefan J. Reichelstein
Graduate School of Business
Stanford University
Stanford, CA 94305

USA

reichelstein_stefan@gsb. stanford. edu

Editors

Ronald Dye, Northwestern University
David Larcker, Stanford University
Stephen Penman, Columbia University

Stefan Reichelstein, Stanford University (Managing Editor)



Full text available at: http://dx.doi.org/10.1561/1400000008

Editorial Scope

Foundations and Trends® in Accounting will publish survey and
tutorial articles in the following topics:

e Auditing e Financial Reporting

e Corporate Governance e Financial Statement Analysis and

e Cost Management Equity Valuation

e Disclosure e Management Control

e Event Studies/Market Efficiency e Performance Measurement
Studies e Taxation

e Executive Compensation

Information for Librarians

Foundations and Trends® in Accounting, 2009, Volume 4, 4 issues. ISSN
paper version 1554-0642. ISSN online version 1554-0650. Also available as a
combined paper and online subscription.



Full text available at: http://dx.doi.org/10.1561/1400000008

Foundations and Trends® in
Accounting

Vol. 4, No. 1 (2009) 1-112 n'w

© 2009 P. O. Christensen and G. A. Feltham
DOI: 10.1561,/1400000008 the essence of knowledge

Equity Valuation

Peter O. Christensen' and Gerald A. Feltham?

1 School of Economics and Management, Aarhus University, Aarhus,
Denmark, pochristensen@econ.au.dk

2 Sauder School of Business, University of British Columbia, Vancouver,
British Columbia, Canada, gfeltham@shaw.ca

Abstract

We review and critically examine the standard approach to equity val-
uation using a constant risk-adjusted cost of capital, and we develop a
new valuation approach discounting risk-adjusted fundamentals, such
as expected free cash flows and residual operating income, using nom-
inal zero-coupon interest rates. We show that standard estimates of
the cost of capital, based on historical stock returns, are likely to be
a significantly biased measure of the firm’s cost of capital, but also
that the bias is almost impossible to quantify empirically. The new
approach recognizes that, in practice, interest rates, expected equity
returns, and inflation rates are all stochastic. We explicitly characterize
the risk-adjustments to the fundamentals in an equilibrium setting. We
show how the term structure of risk-adjustments depends on both the
time-series properties of the free cash flows and the accounting policy.
Growth, persistence, and mean reversion of residual operating income
created by competition in the product markets or by the accounting
policy are key determinants of the term structure of risk-adjustments.



Full text available at: http://dx.doi.org/10.1561/1400000008



Full text available at: http://dx.doi.org/10.1561/1400000008

Contents

1__Introductionl 1
1.1 otandard Equity Valuation Models| 7
1.2 Cash Flow and Accounting-Based Valuation Models| 10
1.3 A New Equity Valuation Model| 12
.4 Outlind 16
|2  Risk-adjusted Discount Rates| 19
2.1  Expected Returns and the Cost ot Capitall 20
2.2 Estimating the Cost ot Capitall 26
2.3 Value Additivity] 36
|3 Multi-period Asset Pricing |
|  Theory and Accounting Relations| 41
3.1 Fundamental Theorem of Asset pricing] 41
3.2 Accounting Relations| 44
3.3 Accounting-Value Relations Based on Forward Rates| 49
3.4 Equilibrium Valuation Index| 53
4 An Accounting-Based Multi-period |
|  Equity Valuation Model| 57




Full text available at: http://dx.doi.org/10.1561/1400000008

|5 Equity Valuation with HARA Utility| 63
[5.1  Time-Series Properties of Fundamentals and |
| Risk-Adjustments| 69
9.2 Comparison to Risk-Adjusted Discount Rates| 73
5.3 Accounting Policy and the Term Structure of |
| Risk-Adjustments| 80
5.4 When Risk-Adjusted Discount Rates Work| 89
[A_Proof of Theoremsl 93
(B_Habit Formationl 101
|C Risk-Adjusted Expected Cash Flows and Certainty |
| Equivalents| 105
|Acknowledgments| 109
[References| 111



Full text available at: http://dx.doi.org/10.1561/1400000008

1

Introduction

The valuation of uncertain income streams is at the heart of financial
and accounting research as well as in almost all areas of business. Finan-
cial statement analysis and equity valuation challenge market prices of
traded stocks, and the valuation of a firm’s equity is the key in any
equity deal be it an acquisition, a merger, or a private equity deal. The
increase in the capitalization of private equity funds also calls for good
models of valuing equity when there is no market price. Capital budget-
ing is another prominent example in which the valuation of uncertain
investment returns is at the heart of the issue. The key question in all
of these settings is how to determine the value today of a stream of
uncertain future cash flows or earnings. The main issues involved are
how to account for taxes, inflation, growth, and not least for risk.

The typical template for equity valuation starts with the gathering,
organization and analysis of current and past information, i.e., knowing
the business and its markets, for the purpose of forecasting future cash
flows, accounting numbers, and value creation. The specific valuation
model guides what needs to be forecasted, and it transforms the fore-
casts into a value today through discounting for time and for risk. Our
focus is on the valuation model.
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In practice, a distinction is made between operating and financial
activities, assuming value creation derives from the operations while
financial activities are zero-NPV activities. This implies that the value
of a firm’s equity can be determined as the value of the operations
minus the (almost readily observable) current value of the financial
debt. Hence, the need for forecasting can be limited to forecasting the
free cash flows, i.e., the difference between operating cash receipts and
investments in operating assets, or to forecasting the accounting num-
bers for the operations. However, if there is a tax shield on debt, value
is also created through the financing.

There are two basic approaches to deal with tax shields. The most
common approach in equity valuation textbooks, such as Penman
(2007) and Lundholm and Sloan (2004)), is to lower the discount rate,
i.e., use an after-tax cost of capital to discount the free cash flows or the
operating accounting numbers. The alternative approach, also referred
to as the “adjusted-net-present-value” (APV) method (see, for exam-
ple, Grinblatt and Titman, 2002), treats the tax shield as part of the
operations and uses a before-tax cost of capital for discounting. While
the two approaches yield identical results under idealized conditions, we
show that the latter method is much more flexible, and that it is con-
ceptually consistent with the distinction between value creating oper-
ating activities and (before-tax) zero-NPV financial activities. Using
this method, the free cash flows are indeed equal to the actual net pay-
ments to the debt and the equityholders. Moreover, the often daunting
task in financial statement analysis of re-allocating taxes between the
operations and the financial activities may be avoided — all corporate
taxes are part of the operations.

Most equity valuation textbooks are silent about the impact of infla-
tion and about the distinction between nominal and real discount rates,
possibly except when it comes to discussing assumptions about reason-
able long-term growth rates in cash flows or accounting numbers. Real
discount rates are very hard to estimate empirically, since there are
only very few traded securities denominated in real consumption units.
Hence, typical valuation models use nominal discount rates and, there-
fore, forecasts of future free cash flows or accounting numbers must also
be in nominal terms. If inflation is assumed to be deterministic, then
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the distinction between real and nominal terms causes no additional
problems in valuation, except that one should be clear that nominal
(real) forecasts must be discounted with nominal (real) discount rates.
However, if future inflation rates are uncertain, one must recognize that
some types of businesses are a better hedge against inflation than oth-
ers. In other words, there is a separate risk premium for inflation risk
which needs to be quantified. We show how the inflation risk premium
may be determined and estimated.

Growth in cash flows and accounting numbers can be created
through inflation, by increasing the size of the business, and even
through the choice of accounting policies. However, in determining the
value of a firm’s equity today, the issue is whether future growth is cre-
ating value or destroying it. Nothing is easier than generating growth,
but value creating growth requires positive NPV investments — a good
equity valuation model must protect you from paying too much for
growth in cash flows and in earnings.

Value creating growth is closely related to the sustainability and
the creation of competitive advantages in the firm’s product markets.
It is economically and empirically well-documented that high (or low)
abnormal operating performance is likely to be followed by decreasing
(increasing) performance, for example, due to entry (or exit) of com-
petitors. In other words, operating performance is likely to be mean
reverting to possibly industry-specific growth rates (see, for example,
the discussion in Penman, 2007, Chapters 14 and 15).

This phenomenon is well-recognized in equity valuation textbooks
when it comes to forecasting expected growth in, for example, account-
ing earnings (through so-called “fade” rates). It is less recognized that
mean reversion in the earnings process also affects the uncertainty
about future earnings, i.e., a higher degree of mean reversion lowers the
uncertainty of future earnings and, therefore, the risk premium used in
calculating the value of the firm’s equity today should be lower.

Unfortunately, standard equity valuation models, which are based
on a constant risk-adjusted cost of capital estimated from stock returns,
do not provide a link between the risk premium in the discount rate
and the time-series properties of the firm’s underlying cash flows or
accounting numbers.
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We develop a new equity valuation model, which provides a direct
link between the time-series properties of a firm’s fundamentals,
such as cash flows and accounting numbers, and the associated
risk-adjustments. Instead of risk-adjusting the discount rate in
the denominator, our equity valuation model risk-adjusts the firm’s
expected fundamentals in the numerator. These risk-adjustments to the
expected fundamentals are determined by how the fundamentals covary
with the valuation index (also known as the normalized pricing kernel).

In order to illustrate our approach, consider the valuation of a
sequence of cash flows {c.}, ., for a given sequence of the valuation
index {¢r¢},-,, and assume, for simplicity, that the riskless spot inter-
est rate ¢ is constant. The value of the sequence of cash flows at date ¢
is given by (see, for example, Rubinstein, 1976; Feltham and Ohlson,
1999))

V= i Eq [C‘r] + Covy [C‘raQ‘rt]
t — [ )
T=t+1 (1 + L)T
where E;[-] and Covy[-,-] denote conditional expectations and covari-

ances, respectively, given the information available at the valuation
date t. Clearly, the risk-adjustments, Cov[cr,qr¢], to the expected cash
flows depend on the time-series properties of both the cash flows and
the valuation index.

In order to illustrate a setting in which the growth in the cash flows
is mean reverting to an industry-specific growth rate, suppose the cash
flows follow a first-order auto-regressive process with mean reversion to
a deterministic trend with growth rate p < ¢, i.e., the trend at date 7 is
given by ¢2(1 4 u)7 %, where c? is the level of the trend at date ¢. Denote
the deviation from the trend at date 7 by ¢2 = ¢, — ¢2(1 + )"t and,
thus, ¢2 follows the AR(1) process

A A
Cr =weCr | +€r, we € 10,1),

where {e;} ., are zero-mean and serially uncorrelated normally dis-
tributed innovations with variance Vari[e;] = o2. The auto-regression
parameter w,. measures the persistence of the deviations from the trend
or, in other words, the degree of mean reversion to the trend is higher,
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the lower is w,. Solving recursively for ¢& and substitution of ¢ yield
the cash flow at date T,
T—1-1
=g+ ) o - Glwl™ + Z WeEr—u,
u=0

with mean
Eifer] = (1 + p)™ " + [er — Fwi T,

and variance

¢ 1—-w?

Hence, the current deviation from the trend, c¢; — cf, is expected to
decay (or “fade”), and to decay faster for higher degrees of mean rever-
sion (i.e., for lower values of w.). Of course, long-term cash flows are
more uncertain than near-term cash flows, but the uncertainty of future
cash flows is lower for higher degrees of mean reversion, i.e., Var[c,| is
lower for lower values of w..

The risk-adjustment to the expected cash flows does not depend on
the uncertainty of the cash flows per se, but rather on how these cash
flows covary with the valuation index. Assume the valuation index is
given by (in order to be consistent with a constant riskless spot interest
rate)

-
qrt = H du:
u=t+1
where {J, =1Ind,},>¢ are serially uncorrelated normally distributed
innovations with &, ~ N ( — %0?,0?) and constant contemporaneous
covariance with the cash flow innovations, i.e., Covy[ey,d,] = —0gs.

Note that

-
qrt = eXp[ért]; Ort = Z Ous
u=t+1
with 6 ~ N(— 3(1 — t)o?,(r — t)o?) such that Eigr]=1. Using
that the cash flows ¢, and d,+ are jointly normally distributed, we can
use Stein’s Lemma to determine the risk-adjustment to the expected
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cash flow as Cov¢|cr, grt] = Covi[cr, ). Using that Covyey,dy] = —0ogs,
the risk-adjustments are

T—1
c

1 —we

1—-w
Cov, [CT7q7't] = —0¢

Hence, the risk-adjustment for long-term expected cash flows is larger
than for near-term expected cash flows, but the risk-adjustments are
lower for higher degrees of mean reversion, i.e., for lower values of w,.

This simple example illustrates that mean reversion in the firm’s
fundamentals is a key ingredient for not only making forecasts of the
firm’s fundamentals but also for making risk-adjustments. The stan-
dard approach of using risk-adjusted discount rates estimated from
stock returns in the denominator cannot capture this link. The firm’s
cash flows and earnings are likely to exhibit mean reversion, and are
also likely to vary with the business cycle, whereas in standard asset
pricing models, like the CAPM, there are no mean reversion and busi-
ness cycle variations in expected returns — these temporal variations
are “priced out” in current equity prices. This is the key difference
between using expected stock returns and fundamentals in valuation.

The separation of discounting for time through riskless interest rates
in the denominator and discounting for risk through risk-adjustments
to the expected fundamentals in the numerator allows us to directly
use almost readily observable term structure of interest rates for dis-
counting for time in the denominator (through the associated nominal
zero-coupon interest rates). The determination of the valuation index
is, of course, where the challenge lies.

The existence of the valuation index is ensured by an assumption
of no-arbitrage in the financial markets. This is the point to which the
analyses in Feltham and Ohlson (1999)) and Christensen and Feltham
(2003, Chapter 9) take us. However, no-arbitrage alone does not tell
us much about the valuation index — at this juncture, it is merely a
mathematical construct without economic content. For the valuation
index to be of any practical relevance in equity valuation, additional
economic structure has to be imposed on the model such that the valu-
ation index can be determined in terms of more fundamental economic
variables.
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There are two basic approaches to determining the valuation index.
One common approach in asset pricing is to make an ad hoc assumption
that it is given as a linear function of certain pricing factors, such as the
Fama—French factors, or the spot riskless interest rate and the Sharpe
ratio. The alternative approach is to determine it endogenously in an
equilibrium model. We follow the latter route and show how it can be
determined in consumption-based capital asset pricing models clearly
distinguishing between the real and the nominal valuation index, in
order to also determine the risk-adjustment for inflation risk.

A wealth of unresolved empirical issues remains, but it is our hope
that careful future empirical and econometric research can resolve some
of these issues. This is not supposed to mean that there are no unre-
solved empirical issues in applying traditional valuation models using
risk-adjusted discount rates. The following quote is from Penman (2007,
p. 691):

“Compound the error in beta and the error in the risk
premium and you have a considerable problem. The
CAPM, even if true, is quite imprecise when applied.
No one knows what the market premium is. And adopt-
ing multifactor pricing models adds more risk premiums
and betas to estimate. These models contain a strong
element of smoke and mirrors.”

The bad news is that a valuation model is indeed required in order
to transform the forecasts of a firm’s future cash flows or earnings into
a valuation of the firm’s equity today. The good news is that we develop
a new valuation model which is based on the firm’s fundamentals and,
thus, may entail fewer elements of “smoke and mirrors,” and may prove
useful when applied in empirical research and in practice.

The following sections provide a brief overview of the issues covered
in the remaining chapters.

1.1 Standard Equity Valuation Models

In Risk-adjusted Discount Rates we review and critically examine stan-
dard valuation models as they are presented in textbooks and used
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in practice. These models rely on estimates of expected future cash
flows or earnings and a constant risk-adjusted cost of capital estimated
from historical stock returns using some form of capital asset pricing
model and a weighted average cost of capital formula. We show that
this approach is based on analyses for single-period settings, which do
not easily carry over to multi-period settings and, more importantly,
are likely to induce systematic biases in equity valuation.

The concept of the weighted average cost of capital has its roots in
the fact that the expected one-period return of a portfolio of assets
(such as debt and equity) is equal to the weighted average of the
expected returns on the individual assets. This is a fundamental prop-
erty used in any single-period portfolio selection problem. In a multi-
period setting, however, the firm’s cost of capital is the discount rate,
which makes the discounted value of the expected future free cash flows
equal to the current value of the firm, i.e., the cost of capital is the
equivalent of an internal rate of return on the sequence of firm value
and expected free cash flows, much like the yield-to-maturity on a long-
term coupon-bearing bond.

However, in general, the internal rate of return on a portfolio of
assets differs from the weighted average of the internal rates of returns
on the individual assets. This is the reason why yield-to-maturities are
no longer used in the valuation of fixed income securities. Instead, con-
temporaneous fixed income analyses are based on the concept of the
term structure of zero-coupon interest rates, which discounts future
payments with date-specific discount rates reflecting the expected
future interest rates and their uncertainty.

The weighted average of internal rates of returns on a portfolio of
assets is indeed equal to the internal rate of return on the portfolio if
the expected cash flows on the individual assets grow at the same and
constant rate in perpetuity. If this is descriptive, then simple equity
valuation models, like various extensions of the Gordon growth model,
may be applied.

In these models, equity values can be linked to contemporane-
ous cash flows and accounting numbers based on so-called “station-
ary linear information dynamics” (see, for example, Christensen and
Feltham, [2003, Chapter 10, for a review). This approach has provided
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useful insights into the impact of accounting policies on the relation-
ship between equity values and contemporaneous accounting numbers.
However, in practice, equity valuation uses so-called “full information”
forecasting in which explicit forecasts of accounting numbers and free
cash flows are made up to a forecast horizon, while the simple valua-
tion models are only used for determining the continuation values at the
forecast horizon (see, for example, Penman, |[2007, Chapters 14 and 15).

If the cost of capital is estimated based on short-term stock returns,
then leverage, interest rates, and risk premia must all be constants.
However, interest rates change continuously, and leverage and, thus,
equity risk premia, change whenever the stock price changes. We show
that an estimate of average expected returns is likely to be an upward
biased measure of the cost of capital (due to Jensen’s inequality) if
expected returns are stochastic. This bias may not be trivial, but the
bias is likely to be hard to quantify (see, for example, the discussion in
Hughes et al., [2009)).

We review recent asset pricing literature, which has attempted to
account for stochastic expected returns in the valuation of uncertain
cash flow streams. Based on an assumed stochastic process for expected
returns or the pricing kernel, this literature aims at determining a term
structure of risk-adjusted discount rates (see, for example, Brennan,
1997; Ang and Liu, 2004; Brennan and Xia, [2006). The date-specific
risk-adjusted discount rates are convoluted mixtures of the date-specific
zero-coupon interest rates, the date-specific market prices of risk, and
the systematic risk of the cash flow sequence, but these models do not
make use of an observable term structure of interest rates.

We show that in certain cases, a risk-adjusted discount rate can
simply not be used to find the current value of an uncertain future
cash flow. This approach requires that the expected cash flow and its
current value have the same sign and, obviously, this need not be the
case. In order to illustrate this fact, a simple example is the valuation
of a forward contract. The forward price is determined such that the
current value of the contract is equal to zero, and the payoff is the
difference between the future spot price and the forward price. Unless
the expected spot price is equal to the forward price (which would
imply risk-neutral pricing), the only risk-adjusted discount rate, which
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would yield a current value of zero, is either plus or minus infinity. We
show how similar instability problems arise in the valuation of equi-
ties. Instead, risk-adjusting the expected payoff on the forward contract
yields that the forward price is equal to the risk-adjusted expected spot
price. More generally, this is the unifying principle used in the pricing
of derivatives, and we show how this principle also can be used to price
primary securities like equities.

Equities are the ultimate long-term claims. Why is it that the infor-
mation in a readily observable term structure of interest rates is not
used in standard equity valuation models? In his seminal paper, “The
Valuation of Uncertain Income Streams and the Pricing of Options,”
Mark Rubinstein characterized the relationship between the valuation
of cash flow streams and the prices of zero-coupon bonds in a multi-
period setting under uncertainty. The key innovation in his analysis
is to separate the discounting for time, through zero-coupon interest
rates in the denominator, and the discounting for risk, through risk-
adjustments to the expected cash flows in the numerator. As noted
above, this is the route we follow for the purpose of valuing equities.

1.2 Cash Flow and Accounting-Based Valuation Models

We frame our valuation question in terms of valuing a firm’s common
equity. However, it should be noted that our approach is applicable for
the general question of how to find the value today of a stream of future
cash flows or earnings in other settings, such as in capital budgeting.
We teach our students in their first finance class that the value today
of an investment is the net present value of the incremental future cash
flows it generates. We also teach them that they should be very care-
ful distinguishing cash receipts from revenues and expenditures from
costs — the difference being the non-cash accruals. The key, of course,
is the impact of the time value of money.

Nevertheless, in recent years there has been an increased interest in
accounting-based valuation models which instead of discounting future
cash flows determine the net present value by discounting future resid-
ual income or abnormal earnings growth anchored by current book
value or capitalized one-period ahead earnings, respectively. These
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accounting-based models provide exactly the same net present values
as the discounted cash flows models. The reason for this equivalence
is the articulation of financial statements within and across periods.
For example, a conservative assessment of the book value of an asset
today will eventually show up as higher residual income numbers in
future periods — the “error” in current book value is perfectly bal-
anced against the increase in the net present value of future residual
income numbers (see, for example, the discussion of “counter-balancing
errors” in Christensen and Demski, 2002, Chapter 4).

The cash flow is a very easy concept to understand for first year stu-
dents, whereas understanding the implications of financial statement
articulation requires more training. An advantage of accounting-based
models over the discounted cash flow models is that value creation is
reflected earlier in the accounting-based models. For example, in high
growth firms, the free cash flows are typically negative in the short
run due to high capital investments in new property, plant, and equip-
ment. Accrual accounting recognizes these investments as assets on
the balance sheet and, thus, the firm may still have positive earnings
and even positive residual income (which measures earnings in excess
of the capital cost of the book value of invested capital). In reality,
firms have for several centuries used accrual accounting instead of cash
flow accounting (which would fully expense capital investment expen-
ditures), to provide information about value creation and performance
of its employees — in a timely manner and for each period separately.

It is important to recognize that value creation (or performance) as
reflected in financial statements does not perfectly reflect value creation
in market value terms due to the particular accounting rules applied.
For example, research and development expenditures are typically fully
expensed, and firms do not recognize the net present value of a capital
investment as an asset on the balance sheet at the investment date.
Instead, these benefits will be recognized as increases in future earn-
ings as they are realized. The existence of these accounting rules can
only be understood by considering the stewardship role of account-
ing and the incentives of managers and firms to misrepresent informa-
tion. The determination of the particular accounting rules must strike
a balance between timeliness, accuracy, and reliability. The beauty of



Full text available at: http://dx.doi.org/10.1561/1400000008

12 Introduction

accounting-based valuation models is that they recognize value creation
in the short run although imperfectly, and that any “errors” made will
be perfectly offset in the net present value of subsequent residual income
numbers.

As a practical matter, financial analysts and others evaluating equi-
ties do typically not forecast free cash flows directly even if they are
using the discounted free cash flow model. A likely reason is that past
free cash flow numbers contain considerable transitory noise due to, for
example, the particular timing of past capital investment expenditures.
Instead, a common approach is to forecast value drivers like sales, profit
margins, and asset turnover. From these forecasts, future operating
earnings and book values of operating assets can be calculated. These
are the key inputs to the accounting-based valuation models. Hence,
these models can be applied directly by calculating future residual
operating income or abnormal operating income growth from forecasts
of operating income, book values of operating assets, and the capital
charge on opening book values or last period’s free cash flows.

If the discounted free cash flow models are used, the forecasts of free
cash flows are obtained from the so-called “operating asset relation,”
i.e., ending book value of operating assets equals opening book value of
operating assets plus operating income minus the free cash flow (which
is the amount that can be used to pay the debt and the shareholders).
Obviously, these forecasts of free cash flows are no more reliable than
the forecasts of the accounting numbers on which they are based.

Hence, the choice between discounted free cash flow models versus
accounting-based models is merely a choice of how to present the anal-
ysis and the results, i.e., given the same set of forecasts the models
are mathematically equivalent. The discounted free cash flow model
is nothing else than a special case of the accounting-based models in
which the non-cash accruals are reversed in order to yield cash flow
accounting.

1.3 A New Equity Valuation Model

Our focus is not to discuss the most efficient ways of forecasting future
accounting numbers or free cash flows or to advocate accounting-based



Full text available at: http://dx.doi.org/10.1561/1400000008

1.3 A New Equity Valuation Model 13

valuation models over discounted free cash flow models. Instead,
our focus is on discounting cash flows or accounting numbers in a
theoretically sound manner in a multi-period setting under uncertainty.

We extend the Rubinstein (1976) analysis for the purpose of devel-
oping an easy-to-use equity valuation model consistent with contem-
poraneous multi-period asset pricing theory. Instead of discounting
expected cash flows or earnings with risk-adjusted discount rates, the
new approach discounts risk-adjusted expected cash flows or earnings
using zero-coupon interest rates from a readily observable term struc-
ture of interest rates (which reflects expected future spot interest rates
and their risk).

The valuation model recognizes that short- and long-term interest
rates are not equal, and that interest rates, expected equity returns,
and inflation rates are all stochastic. We explicitly characterize the
risk-adjustments to expected cash flows or earnings in an equilibrium
setting. We show how the term structure of risk-adjustments depends
on both the time-series properties of free cash flows and the accounting
policy. The accounting policy affects the time-series properties of earn-
ings, for example, through the income recognition policy. We show that
growth, persistence, and mean reversion of residual operating income
created by competition in the product markets or by the accounting
policy are key determinants of the term structure of risk-adjustments
in accounting-based models. We use a set of stylized examples to illus-
trate the types and the magnitudes of errors which may result from
using standard valuation models based on risk-adjusted discount rates.
These errors are far from being trivial, and we show how the errors
depend on the time-series properties of free cash flows and earnings.

Our starting point is the implications of no-arbitrage in perfect
multi-period financial markets. A fundamental property of no-arbitrage
pricing is that the valuation operator is a linear functional — also
known as the value additivity principle. That is, the value of a portfolio
of two uncertain cash flow streams must be equal to the sum of the
values of the individual cash flow streams. An immediate consequence
of the value additivity principle is that the value of a sequence of future
uncertain cash flows must be equal to the sum of the values of each of
the future uncertain cash flows.
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Similarly, the value of a given future uncertain cash flow must be
equal to the value of the expected cash flow plus the value of the dif-
ference between the uncertain cash flow and the expected cash flow.
If calculated at the future date, the latter is referred to as (minus)
the cash flow risk premium. The difference between the expected cash
flow and the cash flow risk premium is the risk-adjusted expected cash
flow. Since the risk-adjusted expected cash flow is a certain number, its
current value must be equal to its discounted value using the current
zero-coupon interest rate for the particular future date as the discount
rate. Hence, no-arbitrage implies that the current value of a sequence
of future uncertain cash flows is equal to the sum of the sequence of
future risk-adjusted expected cash flows discounted by the associated
zero-coupon interest rates.

In standard finance textbooks, such as Grinblatt and Titman
(2002)), this method is referred to as the certainty equivalent method —
with the certainty equivalent being equal to the risk-adjusted expected
cash flow. However, one should be careful about the language when
it comes to actually determining the certainty equivalents. In the eco-
nomics of uncertainty, the certainty equivalent of uncertain wealth is
defined as the level of wealth which has the same utility as the expected
utility of the uncertain wealth, i.e., the wealth level which makes the
decision maker indifferent between receiving this level of wealth with
certainty and retaining the uncertain wealth. This concept is not equal
to the risk-adjusted expected cash flow in equilibrium valuation models
(as it might appear from reading at least some finance textbooks, see
also Damodaran, 2005)).

One way to see this is to note that certainty equivalents do not
satisfy the value additivity principle and, thus, violate the implications
of no-arbitrage. The certainty equivalent of a portfolio of two uncer-
tain cash flows is only equal to the sum of their individual certainty
equivalents if these cash flows are stochastically independent and the
decision maker’s preferences have no wealth effects (i.e., exponential
utility). Hence, it is impossible to determine the certainty equivalents
of individual securities in a meaningful way even if the investors’ utility
functions are known — the certainty equivalent of an asset depends on
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the other risks the decision maker has in his portfolio (and in his other
income).

Moreover, the certainty equivalent of optimal invested wealth is the
value the decision maker attaches to total wealth (like in a take-it-
or-leave-it offer), whereas the equilibrium prices of risky securities are
determined such that no investor has any incentive to change his opti-
mal portfolio of securities (on the margin). In a general equilibrium
setting with HARA utilities, we show that this implies that the risk-
adjusted expected cash flows are lower than the certainty equivalents.

If the language of certainty equivalents is retained for risk-adjusted
expected cash flows, the meaning should be clear: the certainty equiva-
lent of an uncertain cash flow is the certain cash flow which has the same
equilibrium value as the uncertain cash flow. Of course, this definition
of certainty equivalents is moot until it is specified how equilibrium
values of uncertain cash flows can be calculated. Unfortunately, no-
arbitrage alone provides no guidance to actually determining the risk-
adjustments to expected cash flows. No-arbitrage pricing is very useful
to find the relative prices between redundant derivative securities and
the primary securities. An equilibrium model is required to determine
the prices of the primary securities spanning the market risks.

We assume that equilibrium prices are determined in an effectively
dynamically complete market (such that equilibrium allocations are
Pareto optimal), and that the investors have homogeneous beliefs and
time-additive preferences. In that setting, it is well-known (see, for
example, Christensen and Feltham, 2003, Chapter 6) that the risk-
adjustment to expected cash flows can be determined as the covariance
between the cash flow and a valuation index, which is measurable with
respect to aggregate consumption at that date.

Furthermore, if it is assumed that aggregate (or log-aggregate)
consumption and the cash flow are jointly normally distributed, then
Stein’s Lemma can be used to separate the valuation index out of the
covariance as a factor equal to the expected value of the derivative
of the valuation index. Hence, the risk-adjustment is determined as
the covariance between the cash flow and (log-)aggregate consumption
times this valuation-index factor. The latter can be determined from
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the market prices of aggregate consumption claims (like in the standard
single-period CAPM), or by using a general equilibrium approach, i.e.,
by assuming a particular set of investor preferences.

In the latter approach, normally distributed aggregate consumption
goes well with exponential utilities, whereas log-aggregate consumption
goes well with power utilities. The former combination is probably the
best known in accounting research, whereas the latter is the preferred
combination in finance. Hence, we will show our results for general
HARA utilities. We also show how to explicitly account for stochastic
inflation through nominal zero-coupon interest rates and a nominal
valuation index.

1.4 Outline

The remaining chapters are organized as follows. In Risk-adjusted Dis-
count Rates we review and critically examine standard valuation mod-
els based on risk-adjusted discount rates with an emphasis on the many
implicit assumptions made in this approach. Multi-period Asset Pricing
Theory and Accounting Relations reviews key results from multi-period
asset pricing theory in discrete-time, and shows how equity valua-
tion models can equivalently be based on free cash flows or accrual
accounting numbers. Based on these results, we derive an accounting-
based multi-period equity valuation model in An Accounting-based
Multi-period Equity Valuation Model with equilibrium risk-adjustments
determined by prices of aggregate consumption claims. Equity Valua-
tion with HARA Utility includes a general equilibrium analysis of a
setting in which the investors have HARA utility, and aggregate (or
log-aggregate) consumption and residual operating income are jointly
normally distributed. Appendix B extends the setting to preferences
with external habit formation (which recently has gained popularity
in asset pricing theory), and Appendix C discusses the relationship
between risk-adjusted expected cash flows and certainty equivalents.
In Fquity Valuation with HARA Utility, Section [5.1] examines a
simple setting in which residual operating income and aggregate (or log-
aggregate) consumption are given by a first-order vector-autoregressive
model with mean reversion to a deterministic exponential trend.
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The analysis stresses the importance of both the contemporaneous cor-
relation between residual operating income and aggregate consumption,
and the time-series properties of these processes. In this section, we also
briefly discuss some of the empirical issues involved and point to new
empirical research venues. The setting in Section [5.1] is the basis for
the comparison of the general equilibrium analysis and the standard
approach of using a time-independent risk-adjustment to the required
rates of returns in Section Section examines how the account-
ing policy choice affects the time-series properties of residual operating
income and, thus, the term structure of risk-adjustments. In Section[5.4
we consider a setting in which the standard approach of using a con-
stant risk-adjusted cost of capital is actually consistent with the general
equilibrium model. We skip the usual chapter with concluding remarks.
The reader is probably already sufficiently confused at this point, but
hopefully at a higher level.
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