Full text available at: http://dx.doi.org/10.1561/1400000054

Dynamic Investment
Models in Accounting
Research

Full text available at: http://dx.doi.org/10.1561/1400000054

Other titles in Foundations and Trends R in Accounting

Financial Analysts and Their Contribution to Well-Functioning Capital
Markets
Mark Bradshaw, Yonca Ertimur and Patricia O’Brien
ISBN: 978-1-68083-354-6
Rethinking Financial Reporting: Standards, Norms and Institutions
Shyam Sunder
ISBN: 978-1-68083-144-3
Capital Budgeting and Divisional Performance Measurement
Nicole Bastian Johnson and Thomas Pfeiffer
ISBN: 978-1-68083-124-5
Corporate Governance Research on Listed Firms in China:
Institutions, Governance and Accountability
T. J. Wong
ISBN: 978-1-68083-098-9
Alphanomics: The Informational Underpinnings of Market Efficiency
Charles M. C. Lee and Eric C. So
ISBN: 978-1-60198-892-8
International Transfer Pricing
Richard Sansing
ISBN: 978-1-60198-894-2

Full text available at: http://dx.doi.org/10.1561/1400000054

Dynamic Investment Models in
Accounting Research
Alexander Nezlobin
Haas School of Business
University of California, Berkeley
nezlobin@haas.berkeley.edu

Boston — Delft

Full text available at: http://dx.doi.org/10.1561/1400000054

Foundations and Trends R in Accounting

Published, sold and distributed by:
now Publishers Inc.
PO Box 1024
Hanover, MA 02339
United States
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
A. Nezlobin. Dynamic Investment Models in Accounting Research. Foundations and
Trends R in Accounting, vol. 12, no. 3, pp. 216–297, 2018.
ISBN: 978-1-68083-497-0
c 2018 A. Nezlobin

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 Center, 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 copying, 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 photocopy 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/10.1561/1400000054

Foundations and Trends R in Accounting
Volume 12, Issue 3, 2018
Editorial Board
Executive Editors
Robert Bushman
The University of North Carolina at Chapel Hill
Sunil Dutta
University of California at Berkeley
Stephen Penman
Columbia University
Stefan J. Reichelstein, Managing editor
Stanford University

Full text available at: http://dx.doi.org/10.1561/1400000054

Editorial Scope
Topics
Foundations and Trends R in Accounting publishes survey and tutorial
articles in the following topics:
• Auditing

• Executive Compensation

• Corporate Governance

• Financial Reporting

• Cost Management

• Management Control

• Disclosure

• Performance Measurement

• Event Studies/Market
Efficiency Studies

• Taxation

Information for Librarians
Foundations and Trends R in Accounting, 2018, Volume 12, 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/10.1561/1400000054

Contents

1 Introduction
2 Basic Model
2.1 Model setup . . . . . . . . . . . .
2.2 Model analysis . . . . . . . . . . .
2.3 Equity valuation . . . . . . . . . .
2.4 Managerial performance evaluation
2.5 Extensions and literature overview

2

.
.
.
.
.

8
8
12
15
24
28

3 Vintage Capital
3.1 Model analysis . . . . . . . . . . . . . . . . . . . . . . . .
3.2 Accounting implications . . . . . . . . . . . . . . . . . . .
3.3 Literature overview . . . . . . . . . . . . . . . . . . . . .

31
32
37
43

4 Irreversible investment
4.1 Model setup . . . . . . . . . . . . . . . . . . . . . . . . .
4.2 Model analysis . . . . . . . . . . . . . . . . . . . . . . . .
4.3 Empirical plausibility of alternative investment models . . .

45
45
51
57

5 Conclusion

60

.
.
.
.
.

.
.
.
.
.

.
.
.
.
.

.
.
.
.
.

.
.
.
.
.

.
.
.
.
.

.
.
.
.
.

.
.
.
.
.

.
.
.
.
.

.
.
.
.
.

.
.
.
.
.

.
.
.
.
.

Full text available at: http://dx.doi.org/10.1561/1400000054

Appendices

63

Acknowledgments

77

References

78

Full text available at: http://dx.doi.org/10.1561/1400000054

Dynamic Investment Models in
Accounting Research
A. Nezlobin
Haas School of Business, University of California, Berkeley
Berkeley, CA 94720-1900, USA; nezlobin@haas.berkeley.edu

ABSTRACT
This monograph presents three variants of the neoclassical investment
model and characterizes the firm’s optimal investment policy, equity
value, and the desirable properties of accrual accounting rules in each
setting. Two main questions are considered: (1) What accounting
rules result in the most informative financial statements from the
perspective of investors seeking to value the firm’s equity? and (2) What
accounting rules can be efficiently used by shareholders in evaluating the
performance of better informed managers? One accounting treatment,
referred to as replacement cost accounting, achieves efficiency along both
dimensions. The notion of replacement cost studied in this monograph
corresponds closely to that of fair value, as defined in IFRS 13, in that it
is defined as either (i) the current price of the capital goods in a perfectly
competitive market, if such a market is available, or (ii) the hypothetical
amount that would have to be incurred today to replace the current and
future capacity of the capital goods in question. While the replacement
cost rule is, in many settings, unique in providing the firm’s shareholders
with sufficient information for precise equity valuation, the problem
of efficient performance measurement is generally less informationally
demanding. For example, under certain plausible conditions, the owners
can incentivize a better informed manager to make efficient investment
decisions using the straight-line depreciation method.

A. Nezlobin (2018), “Dynamic Investment Models in Accounting Research”,
Foundations and Trends R in Accounting: Vol. 12, No. 3, pp 216–297. DOI:
10.1561/1400000054.
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1
Introduction

What is an investment? The answer to this question depends on whom
you ask. Dixit and Pindyck (1994) open their book on investment under
uncertainty by formulating the economic perspective that investment
is “the act of incurring an immediate cost in the expectation of future
rewards.” The authors observe that this definition is quite broad:
it includes manufacturing firms constructing plants and installing
equipment, merchants purchasing goods for future sale, and even a
firm shutting down a loss-making plant. Most marketing and research
and development (R&D) costs would also constitute investment under
this definition. In contrast, the definition of investment activities under
the U.S. GAAP is much more narrow — while it does cover the
cost of building a new plant or installing equipment, most internally
incurred marketing and R&D costs are not considered investments for
financial reporting purposes. Similarly, the costs incurred in connection
with closing a loss-making plant would be unequivocally treated by
accountants as an expense of the current period, even though the
economic benefits of those costs are the reduced losses of future periods.
In practice, firms make (broadly defined) investments on an ongoing
basis: they continuously invest in new research and development, open

2
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3
new and shut down existing factories as demand for their products
fluctuates, engage in new marketing campaigns. In the presence of
repeated investment, a firm’s aggregate cash flow in any given period
is difficult to interpret: it combines the benefits from multiple past
investment projects with the costs of new ones, which, in turn, will
generate benefits in future periods. Such situations are precisely the
ones where accrual accounting can be useful in improving the matching
between investment costs and benefits. Therefore, dynamic models of
investment behavior are a natural setting for studying the desirable
properties of accrual accounting rules. This monograph presents three
such models and discusses their applications to questions in accountingbased equity valuation and managerial performance measurement.
In characterizing the optimal accounting rules, we focus on two main
questions. First, we study the problem of investors who seek to value
the firm’s equity without observing all of its underlying transactions.
Ideally, the firm’s financial statements should aggregate information
about those past transactions in such a way that the best estimator
of the firm’s equity value based on the disaggregated data coincides
with that based on the aggregate accounting numbers. We refer to the
problem of identifying accrual accounting rules with this property as the
equity valuation perspective. In analyzing this perspective, we ignore
any potential agency problems and assume that the firm’s managers
act in the best interests of its shareholders.
The second perspective considered in this monograph is that of
managerial performance measurement. In this setting, we assume that
the firm’s manager makes investment decisions on behalf of the owners
with the goal of maximizing the personal expected utility of consumption.
Since the manager is better informed about the state of demand and
supply in the firm’s input and output markets and the productivity of
assets-in-place, the owners cannot verify that manager’s decisions are
optimal from their perspective. As such, they seek to design performance
evaluation schemes that incentivize efficient investment decisions. Our
goal is to characterize the set of accounting rules facilitating such goal
congruent performance measurement.
While the accounting literature relying on dynamic investment
models is relatively new, one can already identify several common
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themes in its findings. Perhaps the most consistent result in this growing
literature is that replacement cost accounting has distinct advantages
over other accounting rules from both the perspective of managerial
performance measurement (e.g., Rogerson, 2008; Nezlobin et al., 2015;
Dutta and Reichelstein, 2010) and equity valuation (Nezlobin, 2012;
Livdan and Nezlobin, 2017; Dutta and Nezlobin, 2017a). While different
papers focus on different features of the replacement cost information, in
this monograph, we proceed with the following unified definition. Under
replacement cost accounting, the firm’s assets-in-place are carried on
the books at either (i) their price in a perfectly competitive market for
used capital goods, if such a market is available; or (ii) the hypothetical
cost of their replacement, accounting for their age, current and expected
future physical productivity, and the current price of new capital goods.
This notion of replacement cost accounting very closely corresponds to
the concept of fair value as defined in IFRS 13 and FASB ASC 820.1
In the variants of the neoclassical investment model presented in
this monograph, the firm is assumed to purchase its new capital goods
in a perfectly competitive market and have some monopoly (pricing)
power in its output market. As a consequence, the firm earns economic
profits, and the expected net present value of its investment projects is
positive. In contrast to the firm’s equity value, the replacement cost of
its assets-in-place captures neither the net present value of the firm’s
past investments nor the value of its future investment opportunities.
Therefore, the market-to-book ratio under replacement cost accounting
will generally exceed one, which makes this treatment more conservative
than the notions of mark-to-market or unbiased accounting considered
in the earlier accounting studies (e.g., Ohlson and Zhang, 1998; Zhang,
2000b). For similar reasons, the replacement cost of assets-in-place will
generally be below their value in use.2
1
According to these pronouncements, an asset’s fair value shall be measured as
the quoted price for an identical asset in an active market whenever such a price is
available (the market approach). Otherwise, fair value can be measured using the
cost approach, defined as “a valuation technique that reflects the amount that would
be required currently to replace the service capacity of an asset.”
2
These relations, however, are not universal and will not hold in all states of nature
in the model with irreversible investment presented last in this monograph. If there
is no active market for used capital goods (e.g., if the capital goods manufactured
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Two prominent results in equity valuation are brought together under
replacement cost accounting. First, as is well known in the industrial
organization literature, the firm’s equity value can be written as the sum
of the replacement cost of its assets-in-place and the present value of its
future economic profits (e.g., Lindenberg and Ross, 1981; Salinger, 1984;
Abel and Eberly, 2011). A seemingly similar result in the accounting
literature, known as the residual income valuation formula, states that
the firm’s equity value is equal to the book value of its assets in place
plus the present value of its future residual earnings (e.g., Preinreich,
1936; Edwards and Bell, 1961; Ohlson, 1995; Feltham and Ohlson, 1995).
While it turns out that these two decompositions coincide term-wise
under replacement cost accounting, it is well known that the residual
income valuation formula holds for any accounting rule satisfying a
basic clean surplus condition.
From the perspective of equity investors, the main advantage of
replacement cost accounting is that it is essentially the only rule under
which the firm’s residual income process tracks the fundamental demand
for the firm’s output. If investors observe the firm’s current financial
statements prepared under this rule, it is sufficient for them to predict
the future growth in demand for the firm’s output to estimate the
firm’s future residual earnings and, therefore, its equity value. Under
alternative accounting rules, the future behavior of the residual income
process is not only determined by growth in demand but also by the
firm’s past transactions.3 In other words, alternative accounting rules
do not summarize the firm’s past transaction data preserving all valuerelevant information.

by the firm are too specialized for any alternative use), then it is conceivable that
the replacement cost of assets-in-place may exceed their value in use and the firm’s
equity value, in particular, after a series of unfavorable shocks to demand for the
firm’s output.
3
One exception to this statement is “mark-to-market” accounting as defined
in, for example, Ohlson and Zhang (1998), i.e., the accounting rule that sets the
book value of the firm’s assets equal to the market value of its equity. We note,
however, that such an accounting treatment is not realistic in our neoclassical setting
since it would require the capitalization of the net present value of future, not yet
implemented and uncertain, projects.
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How close is the replacement cost rule to the actual financial
reporting practice? As mentioned above, replacement cost accounting
resembles two out of three approaches to fair value measurement under
IFRS 13 — the market approach and the cost approach.4 In not calling
for the estimation of the net present values of future benefits of each
investment, the replacement cost rule is also consistent with the FASB
position that “financial accounting is not designed to measure directly
the value of a business enterprise, but the information it provides may be
helpful to those who wish to estimate its value,” (see SFAC No. 1). However, in contrast to the current practice, the analytical models presented
in this monograph suggest that the replacement cost approach should
be applied to more broadly defined investment activities, including, for
example, research and development and marketing costs.
We consider three closely related dynamic investment models. In
the basic model studied in Section 2, the firm periodically adjusts
its capital stock in response to changing conditions in its product
market, purchasing new capital goods when demand for its output
improves and selling its existing capital goods when demand deteriorates.
This model is perhaps the simplest variant of what is known as the
neoclassical investment theory, and it captures one key feature of
investment — the mismatch in timing between investment costs and
their associated economic benefits. The basic model makes two, very
common, simplifying assumptions. First, the useful life of capital goods
(assets) is infinite and their productive capacity declines at the same
rate, regardless of their age. This assumption is ubiquitous in the finance
and economics literature due to its analytical convenience; we will refer
to it as that of geometric productivity. The second main assumption
of the basic model is that the firm can both buy and sell its existing
capital goods at prices that reflect their current productive capacity.
This assumption will be referred to as investment reversibility.
Section 3 studies a vintage capital model in which the productivity of
the firm’s capital goods is allowed to follow any arbitrary pattern. This
4
Interestingly, IFRS 13 specifically mentions that value in use is not to be
considered fair value. The variant of the replacement cost discussed in Section 3 is
similar to the newly required treatment for right-of-use assets in the updated lease
accounting standards (Topic 842).
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section shows that the performance evaluation perspective on optimal
accounting rules is generally less demanding than the equity valuation
perspective: goal congruent incentives can often be provided by even
using simple accounting rules, such as the straight-line method. Section
4 reverts to the assumption of geometric productivity but relaxes the
assumption of perfect reversibility. Initially, we focus on the setting in
which the firm’s investment is fully irreversible, i.e., once the firm’s
capital goods are installed their exit value drops to zero; we then
briefly discuss a setting with costly reversibility of investment. Section
4 demonstrates that, while replacement cost information is useful for
equity valuation in both reversible and irreversible investment models,
the nature of the relation between the firm’s equity value and the
replacement cost of its assets is fundamentally different between the two
settings. A somewhat cursory discussion of the empirical plausibility of
the models presented in this monograph can be found in Section 4.3.
Before proceeding, we should mention two classes of dynamic investment models that are not considered here. First, in the finance literature,
it is common to study models in which the firm is a price-taker in its
output market but incurs convex capital adjustment costs (see, for
instance, Hayashi, 1982).5 While some results presented in this monograph carry over to such models, we do not explicitly consider adjustment
costs and refer the interested reader to the survey by Strebulaev and
Whited (2011). Second, multiple papers in the accounting, finance, and
economics literature has viewed the firm as a collection of “projects”
without imposing a single production function that aggregates capacity
across projects (e.g., Berk et al., 1999; Rajan et al., 2007; Kogan and
Papanikolaou, 2014; Dutta and Nezlobin, 2017b). While such models
are analytically convenient and can be applied to study a broad range of
questions in accounting research, discussion of this stream of literature
is also beyond the scope of this monograph.

5

In the accounting literature, a dynamic investment model with capital
adjustment costs is studied in Anctil et al. (1998).
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