
A Comparative Study

of Equity Valuation Frameworks

An empirical comparison of valuation accuracy and predictive capabilities of

two Consumption CAPM-based valuation frameworks and a Standard

CAPM-based valuation framework on the Norwegian stock market

Et Sammenlignende Studie

av Verdiansettelsesrammeverk

En empirisk sammenligning av verdiansettelsesnøyaktighet og prediktive

evner til to Konsumbaserte CAPM-rammeverk og ett standard

CAPM-basert rammeverk p̊a det norske aksjemarkedet

A Master Thesis Presented for the Study Programme

Cand.merc.FIR

Copenhagen Business School

Authors:

Espen Hundsnes Grøvlen (2873)

Kristian Laurans Hoem (36471)

Supervised By:

Søren Ulrik Plesner

Date of Submission: May 15th 2018

Number of Pages: 115

Number of Characters: 194.579



Resume

Avhandlingen er et sammenlignende studie av empirisk anvedelighet av tre

verdiansettelsesrammeverk p̊a det norske aksjemarkedet i perioden 1996 til

2016. Hensikten med studiet er å undersøke hvorvidt noen av verdianset-

telsesrammeverkene er beviselig bedre enn de resterende. Et av disse ver-

diansettelsesrammeverkene er CAPM, og de to gjenværende er varianter av

Konsumbasert CAPM. Forkjellen p̊a rammeverkene er at mens den CAPM-

baserte modellen foretar risikojusteringen gjennom en forrentende egenkap-

italskostnad i nevneren, foreg̊ar risikojusteringen i de konsumbaserte mod-

ellene i telleren gjennom en estimert kovarians mellom residualinntekt og

modellenes respektive verdiansettelsesindekser.

Analysen innebærer å teste den empiriske anvendeligheten p̊a tre omr̊ader.

Det første omr̊adet er verdiansettelsesnøyaktighet, hvor det måles i hvilken

grad estimerte kurser avviker fra de observerte. Det andre og tredje omr̊adet

omhandler prediktive evner p̊a to forskjellige niv̊aer. Det første niv̊aet tester

modellenes evner til å forutse fremtidige aksjekursbevegelser over ett til fem

år etter verdiansettelsen. Dette gjøres ved å skape retrospektive kjøp- og

selg-porteføljer basert p̊a modellenes vurderinger om hvorvidt selskapene er

under- eller overvurdert p̊a aksjemarkedet. Det andre niv̊aet er en kom-

parativ statistisk test, hvor det undersøkes om noen av verdiansettelsesram-

meverkene er relativt bedre til å forutse kortsiktige aksjekursbevegelser med

statistisk signifikans.

Avhandlingen konkluderer med at det ikke kan fremlegges entydige og sterke

bevis p̊a at noen av verdiansettelsesrammeverkene gir bedre resultater i form

av empirisk anvendelighet p̊a de tre overnevnte omr̊adene. Dette følger av

at resultatene er ekstremt like p̊a tvers av rammeverk, og at de resulterende

forskjellene p̊a henholdsvis verdiansettelsesnøyaktighet og prediktive evner

er for sm̊a til å kunne produsere overbevisende argumenter.
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1 Introduction

The Capital Asset Pricing Model (CAPM) of Treynor (1961), Sharpe (1964),

Lintner (1965) and Mossin (1966) presented central insights characterizing

modern asset pricing, both in theory and in practice. As an extension of

Markowitz (1952) discoveries of portfolio dynamics through its first two mo-

ments, it was a theoretically and empirically sound method for practitioners

to quantify an assets expected or required return. The following decades,

however, has invoked a series of studies rejecting CAPM’ practical feasibil-

ity, eventually leading to the development of the Consumption Capital Asset

Pricing Model (CCAPM) of Rubinstein (1976), Breeden and Litzenberger

(1978) and Breeden (1979). This family of models proved to be theoretically

less restrictive, and is argued as a better model by, for instance, Ludvigson

(2001) and Cochrane (2001), the latter of whom described the framework

as: “. . . a complete answer to all the questions of the theory of valuation”.

Despite its proposed theoretical superiority, the fallacies of empirical appli-

cation proved to be substantial (Ludvigson, 2012), consequently motivating

further research on consumption-based models (Cochrane, 2001, p.∼ 145) .

The models which will be presented in this thesis seek to value assets using

the general equilibrium approach (Christensen and Feltham, 2009). This goal

bears considerable implications, in that the price should reflect the actions of

countless agents in a globalized economy. The price should ensure effective

capital allocation in an intertemporal consumption system such that agents

can choose a consumption and investment pattern according to their pref-

erences. Therefore, prices should implicitly describe the agents’ preferences,

and in a sense allow agents to communicate their utility preference with each

other. Contrarily, an established way for investors and others to estimate the

fundamental asset value is to reverse engineer the process by first describing

preferences before calculating the price using the equilibrium assumption and

assume rational investors (Brunnermeier, 2015).
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In this thesis, we will explore the practical application of the dynamics behind

equity valuation. In short, the frameworks we will lay out models asset values

as a function of future cash flows and their attributable risk components. As

outlined, we focus particularly on the CAPM- and the Consumption CAPM-

frameworks. We begin by describing and discussing the models’ theoretical

anchoring and the rationale for applying them in practice. After defining the

specific valuation models derived from the different theoretical frameworks,

we apply them empirically in order to compare the practical usefulness of

their differing properties. The ultimate goal of this thesis is to investigate

whether either of the valuation frameworks perform better than the oth-

ers in terms of practical applicability. As such, our attention is set at the

intersection between theory and practice. Our approach builds on a study

conducted by Bach and Christensen (2016), in which a Consumption CAPM-

based model, the three-factor Fama-French model and a standard CAPM-

based model was compared to each other on the American stock market. In

this study, the Consumption CAPM-based model performed relatively better

across all three different measures utilized in their analysis. In this thesis,

we will implement three frameworks for equity valuation on the Oslo Stock

Exchange during the period 1996 to 2016. The three models we apply are the

standard or typical CAPM-based model, which is widely used in equity re-

search and extensively taught in academia, the Consumption CAPM-based

model (labelled CCAPM) applied in Bach and Christensen (2016), and a

Consumption CAPM-based model utilizing recursive utility (labelled EZ)

from the work of Epstein and Zin (1989).
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1.1 Research Question

The topic of this thesis is to investigate whether either of the models de-

rived from the CAPM-based framework and the Consumption CAPM-based

frameworks are empirically superior to each other. We test this by applying

the frameworks retrospectively on the Norwegian stock market during the

period 1996 to 2016. With this, our goal is to add to existing academic lit-

erature in an attempt to reach an answer as to what the best approach for

pricing equity is. As such, our research question is formulated as

Is there evidence that either the CAPM-, the CCAPM-, or the

EZ-based valuation frameworks are empirically superior to each

other on the Norwegian stock market during the period 1996 to

2016?

In order to answer this question, we define three areas in which we will

search for this evidence. These areas are expressed through the following

three additional questions:

1. Do any of the valuation frameworks show relatively more valuation accu-

racy in terms of matching the observed cross-sectional stock prices?

2. Do any of the valuation frameworks show relatively stronger abilities to

predict future stock price movements in terms of correctly identifying

over- and undervalued stocks?

3. Are any of the valuation frameworks consistently relatively better at

predicting short term excess returns at the five percent significance level?
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2 Literature Review

In the scope of this thesis, our point of departure is valuation models grounded

in neoclassical finance1. The fundamental theories that form the founda-

tion for these models date back to the 18th century, beginning with Daniel

Bernoulli’s (1738) paper that outlined the logical framework that the value

of an item should reflect the utility that it yields. Until the mid 20th cen-

tury, not much development happened in the utilitarian framework within

finance and economics (Dimson and Mussavian, 2000). It was not until Neu-

mann and Morgenstern (1944) developed expected utility theory that the

foundation for utility-based asset pricing was laid out. Shortly after, further

development was made in the field of theoretical asset pricing, as Arrow and

Debreu published a series of articles culminating in a general equilibrium

model. Around the same time, Markowitz established a framework that

combined Bernoulli’s utilitarian mindset with the choice of assets, in what

would later become known as portfolio theory. Markowitz (1952) combined

the ideas that agents in the economy would like to maximize wealth, and at

the same time minimize risk, and recognized that this was inherently a trade-

off. He also illustrated that given the appropriate input, one could identify

a set of portfolios that yielded the maximum expected return per level of

risk through his covariance model. This set of portfolios form the efficient

frontier, and in terms of utilitarian thinking, rational investors should only

be interested in the efficient portfolios. However, Markowitz’ approach is,

and was especially at that time, a daunting computational task, in that the

number of risk and return estimates needed to perform the analysis reach

extremely large numbers as the number of securities increases. This marks

the starting point for perhaps the most famous valuation framework in fi-

nance, as these issues were addressed by William Sharpe in his 1963 paper2,

1 Refers to the approach of economics that relates supply and demand to and individual
agents’ economic rationality and ability to maximize utility(Celik, 2012)

2 Sharpe (1963)
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which together with the unpublished manuscript of Treynor (1961) would

become the groundwork for the Capital Asset Pricing Model (Dimson and

Mussavian, 2000). In his 1963 paper, Sharpe points out that stocks often

move in relation to the market as a whole. Based on this observation, he

assumes that there exists a linear relationship between individual assets and

the market, and furthermore, that this linear relationship can be quantified

with an asset-specific sensitivity parameter. Similarly, Treynor showed in his

manuscript that the risk premium for individual stocks was proportional to

the covariance with all investments in the market. After further additions by

Sharpe in his 1964 paper, as well as Lintner in his 1965 paper and Mossin in

his 1966 paper, the Capital Asset Pricing Model was developed.3

Following the development of the CAPM framework, and the establishment

of a database of stock returns through the Center for Research in Stock Price,

empirical tests of the theory began to emerge. Most notably, statistical tests

of the CAPM were conducted by Black, Jensen and Scholes in 1972, as well as

Fama and MacBeth and Blume and Friend in 1973.4 Although results from

these studies implied that there is a linear relationship between asset returns

and betas, the fact that the intercept and slope of this linear relationship

varied over sub-periods was not consistent with the Treynor-Sharpe-Lintner-

Mossin CAPM (Black et al., 1972). Further complications related not only to

the validity, but also the testability of the CAPM, emerged with Roll’s 1977

critique of the aforementioned empirical tests. Roll points out that the true

market to which an asset’s sensitivity should be related would encompass

all tangible and intangible investment opportunities of all asset classes. As a

result, Roll argues that any test of the CAPM is really a test of mean-variance

efficiency of a market proxy (Roll, 1977). Aside from the Roll critique, other

researchers explored the possibility that the market may not be the only

relevant factor that determines stock returns, which eventually led to factor

3 (Sharpe, 1964; Lintner, 1965; Mossin, 1966)
4 (Black, Jensen and Scholes, 1972; Fama and French, 1973; Blume and Friend, 1973)

11



models that incorporates different explanatory variables that influence stock

returns, such as the now-famous Fama-French three-factor model (Dimson

and Mussavian, 2000).

A major drawback of the CAPM, recognized shortly after its development,

was the fact that it assumes that investors make decisions for one time pe-

riod, hence the name ”single-period model”. Already in the late 1960s, this

was considered a large drawback of the model. Accordingly, researchers be-

gan exploring multi-period or intertemporal asset pricing models. In his 1973

article, Merton had developed a theoretical framework with practical appli-

cation properties, the Intertemporal CAPM (ICAPM). In this model, time is

continuous, and agents are allowed to make decisions in a dynamic setting,

in that the state of the economy as a whole has multiple possible outcomes

(Merton, 1973). Although considered a massive development in asset pricing

theory, the ICAPM was inherently problematic as it ran counter to the basic

intuition of the CAPM (Dimson and Mussavian, 2000). This dissonance was

reconciled with the introduction of Breeden’s Consumption CAPM, which

was presented in his 1979 paper5. The main insight of the Consumption

CAPM framework is that in an intertemporal setting, assets must be val-

ued by their marginal contribution to future consumption, rather than their

marginal contribution to future wealth. Apart from further development in

intertemporal asset pricing made by Cox et al6. in their two 1985 papers,

not much has happened in the field of intertemporal asset pricing theory,

and the emphasis has been on weakening the assumptions made in the afore-

mentioned intertemporal frameworks (Dimson and Mussavian, 2000). One

of these weakening in assumptions led to the Epstein-Zin framework, pub-

lished by Epstein and Zin (1989), in which they introduce the notion of

non-expected utility. An implication of this is that the marginal utility of

consumption is not independent of the level of consumption in bad times

5 Breeden (1979)
6 (Cox et al., 1985a,b)
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(Kiku, 2006). In short, the idea of the Epstein-Zin framework is to allow for

greater flexibility in agents’ preferences in that it accounts for both marginal

utility of consumption and the state of the economy.

At the Bachelor’s and Master’s level, the academic focus of asset pricing the-

ory undoubtedly revolves around the single period CAPM framework. An

implication of this is that the CAPM is the predominant asset pricing tool for

practitioners. However, some researchers have postulated the idea that alter-

native risk adjustment frameworks might perform better in capturing the fun-

damental value implied by future income estimates. For instance, Nekrasov

and Shroff (2009) conducted an empirical comparison of the valuation accu-

racy of standard CAPM-based models and models with fundamentals-based

risk adjustments, and more relevantly to this thesis, a paper published by

Bach and Christensen (2016) compared the capabilities of the CAPM, the

Fama-French three-factor model, and an incarnation of Breeden’s CCAPM to

accurately predict movements in stock prices, or rather capture the implied

fundamental value of future profitability, on the American stock market over

a 30 year period. Nekrasov and Shroff find that ”the fundamentals-based risk

adjustment produce significantly smaller deviations from price relative to the

CAPM or the Fama-French three-factor model” (Nekrasov and Shroff, 2009).

Bach and Christensen find that their CCAPM outperforms what they call a

”standard CAPM-based model”, both in terms of producing lower absolute

valuation errors, and in a statistical test of which model best predicts the

1-year ahead excess return predictability. The authors also verbally validate

the CCAPM’s risk adjustment methodology over the standard models, e.g.

by noting that ”... if residual income contains both persistant and transitory

shocks implying processes with mean reversion, then exponentially increas-

ing risk adjustments through a constant risk premium in the risk-adjusted

cost of capital are likely to be grossly overstated”, and that ”Compared with

standard valuation models, [CCAPM-based valuation models] relies less on

estimated parameters and speculative elements when aggregating residual

13



earnings forecasts into a valuation.” Although by no means a definite answer

to whether or not the CAPM is obsolete in the existence of intertemporal

asset pricing frameworks, the paper implicitly makes an interesting notion

in that practitioners may be better served with departing from the CAPM

and apply the risk adjustment methodology of the CCAPM. As stated in

the introduction, it is on this issue where we aim to complement the existing

literature.
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3 Structure

The thesis structure is summarized in figure 1, which illustrates that we

operate within four interdependent parts.

Figure 1: Thesis Structure

Section one derives fundamental asset pricing relations establishing the foun-

dation for the remaining chapters, starting with relative asset pricing through

a no-arbitrage argument, before introducing fundamental asset pricing with
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expected utility theory. This will outline the pricing mechanism in the gen-

eral equilibrium approach using a time separable utility function. Hence,

using the derived no-arbitrage proof we can create insights on how introduc-

ing utility preferences of a representative investor allows for asset pricing from

a fundamental or absolute perspective. This will finalize part one through

a presentation of the theoretical valuation frameworks. We impose several

increasingly restrictive assumptions in order to make the models empirically

sound and implementable.

The next chapter, data and methodology, further develops the theoretical

frameworks into specific and empirically applicable models. Building on the

previous theory sections, the thesis move towards a mindset of modelling

and analyzing the specific sample rather than on the models’ theoretical an-

choring. We begin by describing the practical valuation approaches for the

different valuation frameworks, and explain the specific processes of forecast-

ing and discounting future residual earnings. Next, we describe the data

collection process, and how the data is implemented in the models.

We then move on to describing and executing large scale estimations of the

models’ final parameters needed for the valuation procedures. This leads us

to the analysis, in which we conduct the valuations and analyze the results.

The first part of the analysis focuses on sharpening the model assumptions

mutual to all valuation frameworks in an attempt to produce the most mean-

ingful and insightful valuation results. The following sections of the analysis

attempts to specifically address the three areas in which we search for ev-

idence to answer our research question. As such, we analyze the models’

valuation accuracy and abilities to predict future stock price movements sep-

arately. We conclude the analysis by performing a statistical test on the

models relative ability to predict short term excess returns.

Having completed the analysis by adressing all three areas in which we search

for evidence as to whether any of the valuation frameworks are empirically

16



superior, we summarize our findings and conclude on our research question.

Finally, we end the thesis by addressing some of the issues we encountered

throughout the research process, and propose some recommendations as to

how to work around these issues.

3.1 Scope and Limitations

In order to address our research question in a concise and structured manner,

we impose several restrictions and limitations on our approach. In addition

to the already mentioned limitations, namely restricting ourselves to three

valuation frameworks, as well as conducting the analysis on the Norwegian

stock market, we now describe some further limitations that we consider

reasonable in relation to the scope of our analysis.

The first limitation relates to the presentation of theory. As indicated in our

literature review, asset pricing theory has an elaborate academic history and

is a very complex subject, and we will only describe fundamental asset pric-

ing theory that enables us to establish core concepts for the particular models

we apply in the analysis. Hence, only material contributing to understanding

the rationale is relevant in this aspect. While certain mathematical deriva-

tions are inevitable for a holistic presentation of the theories in question, we

will to the best of our ability limit the amount of mathematics, and refer the

reader to the appendix whenever appropriate. Consequently, we attempt to

only present theory and mathematical derivations that contribute to under-

standing the models in general terms. Furthermore, we allocate relatively

more attention to the lesser known consumption-based frameworks, and the

theory surrounding CAPM will to a certain extent be assumed to be known

by the reader.

In relation to the analysis, we limit our approach in several ways. First,

rather than estimating all valuation parameters ourselves, we rely on exter-
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nal data to perform the valuations. This is due to the scope of the thesis,

as we will perform valuations on more than 200 individual companies across

20 years. Second, we perform certain parameter estimations on an industry-

basis rather than on the company-specific level. This is also due to the large

scope of our analysis. This refers specifically to the estimation of long run

structural levels of residual income returns, as well as covariance estima-

tions needed for the Consumption CAPM-based risk adjustments, and will

be elaborated later in the text. Lastly, we limit our analysis to the period

1996 to 2016, as well as to companies with fundamentals recorded in the

I/B/E/S- and Compustat-databases. This is done to allow for a relatively

large sample throughout the analysis period, as well as to ensure that data

can be collected in a consistent and efficient manner.
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4 Asset Pricing Theory

Our theory chapter is divided into two parts. The first part will present

fundamental asset pricing theory. The second part will use the insights from

part one and explain how it relates to describing utility preferences of agents

in the economy which is central in applying the valuation frameworks empir-

ically.

4.1 Asset Pricing Theory

In this section we present theory explaining core concepts for our valuation

purposes. We begin with asset pricing after a strictly no-arbitrage argument,

i.e. a relative valuation approach introduced by Arrow and Debreu through

a series of papers.7 The papers create conceptual insights on how to valuate

uncertain future pay-offs in complete markets with as many goods as mar-

kets. Arrow (1953) relaxed this assumption and still managed to create an

equilibrium approach. We will not discuss market completeness and further

assumptions for the fundamental valuation concepts. We will rather focus

on the model specific assumptions in later chapters.

The central tenet behind the fundamental model is that the observed price

should reflect future pay-offs in a consistent manner for all agents in the

economy (Feltham and Christensen, 2002). Although the future pay-offs are

modelled as random variables, they are event-contingent with probabilities

and therefore it is not a question of uncertainty, but a question of risk. In

the papers of Arrow and Debreu, however, it is not a matter of explicitly

modelling risk, but proving the existence of a certain factor connecting the

current price with future payoffs while modelling all uncertain variables as

7 See Arrow (1951), Arrow (1953) and Arrow and Debreu (1954)
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stochastic processes. As will become clear, this pricing factor and its prop-

erties is important for our valuation models.

We will not present the single-period no-arbitrage framework of Arrow and

Debreu as it does not directly apply to our empirical valuations, in that

we will value companies in a multi-period setting studying real dynamic fi-

nancial markets. Therefore, we will only address the same concepts in a

multi-period setting. After disclosing the core no-arbitrage theory, the in-

sights will be extended creating alternative representations applicable to our

specific valuation frameworks. Although the theory of no-arbitrage pricing

was originally developed by Arrow and Debreu, we will use the notation and

presentation of the concepts from Feltham and Christensen (2002), Duffie

(2001) and Avellaneda and Laurence (1999). Finally, we will introduce util-

ity of a representative investor in asset pricing moving the focus to absolute

or fundamental asset pricing. This way of modelling asset prices is what

conveniently leads us into our specific frameworks of the CAPM, CCAPM

and Epstein-Zin in the next section.

4.1.1 No Abritrage in a Multi-Period Framework

Initially, we must establish the world we are modelling in, namely the world

described in the papers of Arrow and Debreu. In the Arrow-Debreu world

we have N securities to invest in at t = 0. The value of these securities

depends on their pay-offs denoted as dividends d contigent on future events

occurring. There exist a finite set of states in the world, Ω, describing all the

possible scenarios emerging until t = 1. Hence, Arrow and Debreu described

a single-period setting which soon will be extended to a multi-period setting.

Let Λ denote all the possible subsets of the state space for which we are inter-

ested in. Using a probability function P(•) we can assign investor-specific,

or rather subjective probabilities to events in the subsets. While allowing

for individual probabilities, all investors face the same state space P(Ω) = 1.
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Furthermore, it is assumed that there exist a market equilibrium and that

agents seek to maximize their independent and differentiated utility functions

through trading within their budget constraints with no possibilities for ar-

bitrage. Hence, we are not imposing a specific pattern of economic decisions,

only that investors prefer more over less. The important takeaway from the

above is that we have some finite set of securities which values depend on

future dividends contingent on certain events. These events have assigned

probabilities, making it a matter of risk. Finally, arbitrage is defined as an

investment opportunity with positive probability of positive return without

risk or initial negative cash flow (Feltham and Christensen, 2002).

In the multi-period time setting it is assumed that markets in the world

described above are dynamically complete.8 A dynamically complete market

recognizes that uncertainty is resolved as time passes and investors can trade

actively between assets. Define t = 0 as the initial trading date with t =

1, 2, . . . , T − 1 as the subsequent days of market activity. The economic

activity is defined from the fundamental economic metrics of information

flow, trading, dividends payout and consumption. Finally, t = T represents

the terminal date for information, dividends and consumption. Recall our

initial assumption of investors optimizing utility, i.e. preferring more over

less. Investors will choose portfolio and consumption patterns specified for

each possible future event depending on the information available in the

market. It is assumed that investors have absolute recollection of prior events

as time passes, and that new information is attained and incorporated into

investors’ optimizing patterns. Assume that only a public information system

exist, and that this system is described through ηt : Ω→ Yt where Yt denotes

information and the corresponding action or partitioning on to the state space

Ω. At t = 0 the investors possess no information of the true state at t = T

of Yt in the probability space Ω. At subsequent dates, i.e. as t → T , the

8 As mentioned, we will not describe the implications of dynamically complete markets
in detail. See Duffie (2001)
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collection of possible outcomes becomes smaller as information is attained

through the information system.

In order to formalize the relations in this framework we require that any

public information of events must be quantifiable and adaptable to the de-

fined information system, as for instance information regarding dividends. In

other words, we must define how the economic variables, such as dividends,

behave through time and with respect to the information system. As men-

tioned, they follow stochastic processes9 of events through time. Generally,

a sequence of economic random variables X = X0, X1, . . . , XT is a stochas-

tic process with respect to the sequence of partitions Y, hence Xt = Xt(yt)

(Duffie, 2001). Therefore, every public security i is a claim to a stochastic

dividend process functioning as dit = dit(yt), where dit is the dividends paid

by security i at time t. Similarly, every public security price υi is a stochastic

process following υit = υit(yt). This is the ex-dividends price at the differ-

ent points in time, and at the terminal date T , it equals 0 for all securities

as all dividends has surpassed. Loosely speaking, the above statutes that

dividends and therefore prices depends on events y defining their stochastic

processes. Finally, in order to generalize, we must define a portfolio plan,

z, as an adapted process functioning as zit = zit(yt), explaining the amount

of security i held after trading date t. Following Feltham and Christensen

(2002) the defined variables can be used to define the dividend of a portfolio

as

dzt = (υt + dt)
ᵀzt−1 − υᵀzt t = 0, 1, ..., T assuming z−1 = 0 (1)

Equation 1 states that the cum-dividend price of portfolio z at t−1 subtracted

the ex-dividend price of the portfolio at time t equals the total dividend

generated from the portfolio. We now have defined the necessary elements for

9 Also called adapted processes in the applied literature
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establishing the no-arbitrage theorem in a multi-period framework following

Feltham and Christensen (2002).

Theorem 1

There is no arbitrage if there is a increasing linear function F : L → R such

that F(dz) = 0 for any portfolio plan z. L denotes the space of processes

adapted to Y and R represents the set of real numbers. That is, there is a

stochastic event-price process π ensuring

dz0π0 +
T∑
t=1

∑
yt∈Y

dzt (yt)πt(yt) = 0 ∀ z ∈ L (2)

Equation 2 states that event-contingent dividends at all points in time from

the portfolio plan corrected for event-prices must equals zero in order for the

no-arbitrage argument to hold.

We can make the insights more intuitive by alternating the first term of

equation 2, namely dz0π0. First, let the event price at time zero be equal to

one as π0 = 1, i.e. no adjusting for dividends with no uncertainty. Secondly,

substitute dz0 with −υt0z as evident from equation 1, which in turn yields

υᵀ
0z =

T∑
t=1

∑
yt∈Y

dzt (yt)πt(yt) (3)

Equation 3 states that the initial value of any portfolio is the event-contingent

future dividends times the corresponding event-prices. The respective event

prices are the implicit price at t = 0 for the claim of an additional unit of
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consumption or dividends at date t contingent on event yt occurring. The

important conceptual insight from the above is the existence of an event price

in the pricing relation that prohibits arbitrage. In order to make this appli-

cable for our valuation purposes we must express the no-arbitrage argument

in a conditional expectancy format in a finite time setting.

We will now make use of security notation and apply the derivations from

Feltham and Christensen (2002). In order to generalize across all periods

and sub-periods, define yt as event y occurring at date t. The subsequent

events are yt+1 ⊆ yt and securities’ pay-offs are the cum-dividend prices υi,t+1

at t+ 1. Recalling our event prices from theorem 1 we can apply this to the

period t→ t+1 claiming no arbitrage if there are strictly positive event-prices

πt+1,t(yt+1 | yt) for yt+1 ⊆ yt on all securities such that

υit(yt) =
∑

yt+1⊆yt

υi,t+1(yt+1)πt+1,t(yt+1 | yt) i = 1, 2, ..., I (4)

This can be generalized to any two arbitrary points in time by assuming a

buy-and-hold strategy10 yielding

υit(yt) =
T∑

τ=t+1

∑
yτ⊆yt

diτ (yτ )πτt(yτ | yt) i = 1, 2, ..., I (5)

where

πτt(yτ | yt) =
πτ (yτ )

πt(yt)
yτ ⊆ yt τ > t (6)

The multi-period event-price πτt(yτ | yt), is the price at time t contingent

10 A passive investment strategy where investor is buying and holding securities regard-
less of market fluctuations
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on event yt of a security that pays one unit at date τ > t, if events yτ ⊆ yt

occurs and nothing otherwise. The previous have established a central tenet

in finance, namely the multi-period event price building on the insights of

Arrow and Debreu. We will now present an alternative representation of the

event price.

4.1.2 Event Price Deflator and Valuation Index

The existence of event-prices can be used to develop equivalent representa-

tions for equity valuation purposes, while satisfying the no-arbitrage condi-

tion. This equivalent is a pricing rule constituting another tenet in finance

called the event-price deflator. This is also known as the stochastic discount

factor (SDF), pricing kernel, state-price deflator and marginal rate of sub-

stitution. They will be used interchangeably throughout this thesis. While

leaving the cumbersome mathematical derivation aside we introduce a corol-

lary to Riesz Representation Theorem of theorem 1. 11

There are no possibilities for attaining arbitrage by manipulating prices υ and

dividends d if there exist a strictly positive event price deflator m ensuring

υit(yt) = Et[mτt diτ | yt] i = 1, ..., I yt ∈ Yt t = 0, 1, ..., T − 1 (7)

for any strictly positive vector. This is a general pricing relation using an

event price deflator. While being seemingly similar to the event price π in

that m also adjusts dividends contingent on events y, this is the event-price

deflator as it is normalized by the positive probabilities of events, i.e. a

probability distribution as

11 Riesz Representation Theorem is a representation for linear functions of stochastic
processes. See Feltham and Christensen, 2002, p.∼ 195 for proof
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mτt =
pτt(yτ | yt)
ϕ(yτ | yt)

(8)

where p denotes probabilities, ϕ is a strictly positive probability distribution,

and y is still the partition (event) of the state space Ω. Notice that the event

price deflator is strictly positive due to its components being strictly positive

and can be written as mτt(yτ | yt) =
mτ (yτ )

mτ (yt)
for yτ ∈ yt. We will elaborate

on the event price deflator and its practical properties in a contextual setting

when introducing utility in the upcoming sections. For now, we will build

further upon the derived event price deflator to present a valuation index.

In order to transform the event price deflator to a valuation index, Q, we

must remove the time value and probability component by normalizing with

the riskless discount factor, B, following Duffie (2001) as

Qτt(yτ | yt) =
mτt(yτ | yt)
Bτt(yt)

=
ϕ̂τt(yτ | yt)
ϕ(yτ | yt)

(9)

yτ ⊆ yt τ > t t = 0, 1, ..., T − 1

Hence, the valuation index is the event prices normalized by the probabilities

of events (yielding the event price deflator m) and the riskless discount factor

B. We can now rewrite our initial pricing relation in equation 7. Using the

covariance property of Cov[x, yi] = E[x yi]−E[x]E[yi] we can rewrite the value

of any security as

υit(yt) =
T∑

τ=t+1

Bτt(yt)

{
E[diτ | yt) + Cov[(diτ , Qτt | yt)]

}
(10)

i = 1, 2, ..., I yτ ⊆ yt t = 0, 1, ..., T − 1

Hence, the price of a security equals its time discounted dividends adjusted
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for risk through its covariance with a valuation index. Equation 10 illustrates

an appealing feature with the discounting for time being separated from the

risk adjustment (Bach and Christensen, 2016). This is in contrast to the

CAPM framework, and we will apply this value relation in the CCAPM and

Epstein-Zin frameworks.

The event price deflator and the valuation index are general in that they bear

no further limitations than our inital event price. We have only introduced

two new defining parameters, namely the probability distribution and the

riskless discount factor. It is, however, not applicable to equity valuation

before we impose economic structure to model and quantify the valuation

index. As will become clear when we introduce utility of the representative

investor, the valuation index describes the normalized marginal utility of

consumption (Cochrane, 2001). Therefore, the covariance between a firm’s

pay-off, denoted dividends in the previous section, and marginal consump-

tion will describe an equity’s ability to hedge against economic fluctuations.

Generally, it is assumed that investors have an increasing utility function

with decreasing marginal utility, i.e. a concave utility function. The valu-

ation index will be decreasing in the economy’s aggregate dividend so that

if the pay-off of the firm is positively correlated with consumption, the risk

adjustment in equation 10 will be negative, and vice versa. In turn, the for-

mer results in a security market value less than the time-discounted dividend

illuminating the market risk premium attributable to that specific equity.

In conclusion, we have defined the no-arbitrage argument for asset prices to

hold in a dynamically effective market insisting the existence of a strictly pos-

itive event price. Using this knowledge, it has been derived a valuation index

by normalizing the event prices with probabilities and the riskless discount

factor. The valuation index will be applied when deriving the CCAPM and

Epstein-Zin frameworks. The next section explains how inflation is accounted

for in the valuation index and therefore the consumption-based models.
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4.1.3 Valuation Index and Inflation

So far we have considered central tenets in finance with real prices and there-

fore assumed that all units of consumption are denominated in real term

goods and that dividends are inflation adjusted. In the case of deterministic

inflation the nominal valuation index is equal to the valuation index denom-

inated in real terms (Christensen and Feltham, 2009). This is deducted by

using the Fischer relation stating that the nominal interest rate equals the

real interest rate added expected inflation.

We, however, will allow for stochastic inflation as in Bach and Christensen

(2016). Using the derived real term expressions from earlier chapters bears

challenges for empirical testing if you assume that inflation is stochastic

rather than deterministic for at least three reasons. First, while the nominal

term structure is readily observable, limited existence of real bonds makes

it difficult to estimate the real term structure reliably and could face scarce

estimation results due to illiquid prices. Second, similar to most valuations,

we use nominal accounting numbers and forecasts for our empirical imple-

mentation. Finally, stocks may hedge differently for changes in price lev-

els. Stochastic inflation will therefore result in an inflation risk premium

attributable to stocks reflecting the risk levels of real consumption. This

is attributable to two sources, namely nominal dividends’ covariance with

scarcity of consumption (marginal substitution) and a term reflecting the

nominal dividends ability to hedge against inflation risk. Therefore, we will,

as is the general tendency among financial literature, use the nominal value

relations. (Christensen and Feltham, 2009)

The consumption-based frameworks model the valuation index with respect

to real aggregate consumption and the price level at each date (Christensen

and Feltham, 2009). Thus, the deflated valuation index can be written as
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Qτt(xτ , pτ ) =
u′iτ (ciτ (xτ ))/pτ
Et[u′iτ (ciτ )]/pτ

τ > t i = 1, 2, ..., I (11)

where p denotes the nominal price index, x denotes real aggregate consump-

tion and u denotes utility. The latter means that we have written the valu-

ation index in a slightly different form than in the preceding section. This

does not, however, mean we have lost generality. As will become clear in

the next chapter it is only a matter of the event price deflator, as a part for

the valuation index, being described as a marginal trade-off of consumption

modelled with aggregate consumption and the price level (Cochrane, 2001).

For now, note that the valuation index applied in our valuation frameworks

will account for inflation by being deflated with the nominal price index at

different dates. This will also be highlighted when we estimate the valuation

index in our methodology chapter.

4.2 Asset Pricing and Utility

So far, we have only postulated asset pricing in a relative perspective on a

no-arbitrage argument. For our valuation purposes we will have to study

absolute asset pricing and therefore specify individual attitude towards risk.

This allows us to aggregate data in describing risk and in turn model as-

set prices. Finding the intrinsic value based on an assets fundamentals is

a matter of engineering future cash flows value in a equilibrium approach

accounting for risk and time value of money (Brunnermeier, 2015, p.∼ 55).

This suggests that no-arbitrage pricing is dependent on fundamental pricing.

In perfect markets a fundamental price will equal the implied price by other

assets, i.e the market will be in equilibrium. As have already been discussed,

risk and inherit prices are dependent on probabilities of different outcomes

in a finite space. By assuming a utility structure in the economy we can

model investors willingness to pay for these outcomes. We will introduce
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some central tenets of utility in asset pricing. We will define the assumptions

for defining expected utility and then explain how this relates to the event

price deflator and therefore the valuation index. Finally, we will disclose how

the CCAPM and CAPM relates to the above.

4.2.1 Axioms for Expected Utility Theory

In the absolute pricing perspective, we begin with Bernoulli (1738) discover-

ing diminishing marginal utility represented by a concave utility functions in

modern financial models. As mentioned in the literature review, it was not

until Neumann and Morgenstern (1944) created expected utility theory that

the concepts became normative for decision making. They created an ap-

pealing framework for quantifying and ranking preferences by assuming the

existence of certain preference relations and developed the axioms Regularity,

Independence and Continuity.

Regularity assumes the axioms of completeness and transitivity. The former

states that agents can rank prospects p, q, r or be indifferent, while the latter

states that preferences are consistent across prospects p ≥ q and r ≥ p then

r ≥ q. Continuity states that if p > q > r then there exist a probability

a ∈ [0, 1] ensuring r + (1− a)p = q. Combining the axioms above allows for

a continuous function U(•) describing prospect alternatives. Independence

states that for p, q, r and a ∈ [0, 1], p ≥ q ↔ ap + (1 − a)r ≥ aq + (1 − a)r

which entails the property of r being independent of p and q. Therefore, a

utility function is defined according to expected utilities from a satisfying set

of possible outcomes (Machina, 1982). This applies to the portfolio selection

issue through mutually exclusive alternatives contributing to wealth illus-

trated as U(p+w) ≥ U(q+w) where w is the agent’s wealth. Assuming the

axioms hold, there is a function ranking preferences over different prospects
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as12

p ≥ q ↔
∑
x∈X

p(x)u(x) ≥
∑
x∈X

q(x)u(x) (12)

and a formula for calculating expected utility

E[u(x)] =
N∑
i=1

piu(x) (13)

stating that the expected utility depends on the real number value of the

outcomes, i.e. utility and the probability of each outcome conditional on x.

In other words, expected utility is simply the probability weighted utility of

all the possible outcomes (Brunnermeier, 2015). It should be emphasized

that it bears strong assumptions regarding the agent’s behaviour, and there

is extensive literature arguing that in reality, agents or investors are behaving

substantially different from the rational and systematic approach described

above.13

Since we will discuss the models relative to each other in coming sections, it

would be fruitful to explain how utility functions of Neumann and Morgen-

stern (1944) are interpreted in the CAPM framework. The CAPM equals the

Neumann and Morgenstern (1944) approach in describing investor behaviour

in two rather implausible cases (Brunnermeier, 2015, p.∼ 73). In order to

specify expected utility through its first two moments, mean and variance, it

is required that probability distributions of returns must be normal or rep-

resentative agents act in terms of a quadratic utility function. The former

is a result of the appealing feature that any linear combination of two linear

normally distributed variables is also normal and hence be described by its

12 (Brunnermeier, 2015)
13 This refers to behavioural finance. See for instance Machina (2008)
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first two moments, mean and variance. The latter can be illustrated through

a standard quadratic utility function;

u(x) = ax− bx2 (14)

gives the expected utility relation

E[u(x)] = aE[x]− bE[x2] = aE[x]− bE[x]2 − bvar(x) (15)

hence, expected utility is a function of the mean E[x] and variance V ar(x),

only.

4.2.2 Asset Pricing with Expected Utility

We introduced the relative valuation theorem of the state price and extended

it to an event price deflator. We will now tie it to absolute valuation with

certain expectations regarding investors utility of consumption. We will use

the established insights but with a single-period notation saving the trouble

of cumbersome derivations. Rest assured, the following inherit the same

implications as if multi-period notation and derivation were used. Using

Cochrane (2001) but with our established notation, the single-period event-

price deflator can be written in the general form

υt = Et[mt+1 xt+1] (16)

where dividends is replaced with payoff x. Notice that we have removed

the asset subscripts, as it is sufficient to state that this holds for all securi-

ties in the following. The term m generalizes central discount factor ideas.

Equation 16 creates the link between no-arbitrage pricing and utility based

32



pricing (Cochrane, 2001). The equation holds for any utility function of a

representative investor, but would connect m to observable data differently.

In other words, different utility functions would impose different economic

structure. Therefore, equation 15 isolated is simply a convenient pricing

identity with little practical application and content on a stand-alone basis

(Cochrane, 2001). The beauty is that we have not introduced any canonical

assumptions making it a pure theoretical point of departure for discussing

models to be applied.

To develop insights, we make use of a standard time-separable utility function

defined as U(ct, ct+1) = u(ct) + βEt[u(ct+1]. This describes the representa-

tive investors preferences regarding consumption. c denotes consumption

while β ∈ [0, 1] is the quantification of investor impatience. Notice that

we skip investor subscripts, i.e. i-th investor is not given a notation. The

function implies a behaviour towards a steady consumption stream steady

across time and states of nature. The consumption variables are random and

therefore agents do not know the wealth and how much to consume at t+ 1

(Cochrane, 2001). This implies that all agents simply bears the characteris-

tic of desiring more consumption whenever possible. The investor only bears

the economic decision of consumption, and faces the trade-off of immediate

consumption and discounted marginal benefit of consumption in subsequent

periods. Combining equation 16 with our utility function illustrates the first

order condition for optimal consumption mathematically as

υtu
′(ct) = Et[βu

′(ct+1)xt+1] (17)

or

υt = Et[mt+1 xt+1] (18)
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where

mt+1 = β
u′(ct+1)

u′(ct)
(19)

This illustrates why the stochastic discount factor or event price deflator is

also called the marginal rate of substitution as it quantifies the utility trade-

off between consumption between periods. Furthermore, this is similar to

the valuation index from the previous section in that it describes a marginal

trade-off of consumption. In contrary, we have imposed no economic variables

such as aggregate consumption and the nominal price index for modelling the

trade-off as well as there is no riskless discount factor.

The following will describe how both the CAPM and the CCAPM relates

to the event price deflator. Define Rf as the gross risk free rate on the

risk free asset, which naturally is known before period t → t + 1 so that

υft = Et[mt+1R
f
t ] = Et[mt+1]R

f
t = 1 → Rf

t =
1

Et[mt+1]
. Again, using the

covariance decomposition we can rewrite our pricing kernel similar to our

valuation index, as

υt = Et[mt+1]Et[xt+1] + Cov(mt+1 xt+1) (20)

Inserting the derived term for the risk free gross rate and marginal rate of

substitution of consumption yields

υt =
Et[xt+1]

Rf
t

+
Cov[βu′(ct+1)xt+1]

u′(ct)
(21)

This reads intuitively as marginal utility declines as consumption rises and

thus a lower asset price if the asset pay-off is positively correlated with con-

sumption. According to equation 21, any security either trades with a pre-
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mium or a discount in relation to the risk free rate, depending on the co-

variance, i.e. hedge effect with marginal utility as discussed earlier. Notice

that we are only pricing an assets variation with respect to consumption

movements and therefore ignoring idiosyncratic risk.

We are now able to introduce classic notation in modern finance where returns

are described in terms of factor loading’s, i.e. betas. Recall equation 20 and

let Rt+1 denote the one-period return of any security replacing the pay-off

notation x. Furthermore, we use the established definition of risk free gross

rate and by dividing with the price creating a unit price we obtain

υt
υt

= 1 = Et[mt+1]Et[Rt+1] + Cov(mt+1Rt+1) (22)

↔ Et[Rt+1] = Rf
t −

Cov(mt+1Rt+1)

Et[mt+1]

↔ Rt+1 = Rf
t + βmtλmt (23)

where

βmt =
Cov(mt+1 Rt+1)

V ar(mt+1)
and λmt = −V ar(mt+1)

[mt+1]

The beta-notation must not be confused with the investor impatience param-

eter introduced earlier. Notice that the expected return on an asset should

be proportional to their betas in a regression of returns on the discount factor

(Cochrane, 2001, p.∼ 26). While λmt is constant for all assets the βmt varies

from asset to asset through their respective returns. This is a generalization

of beta models and must not be confused with the CAPM, which is a variation

of the model being distinctively different (Cochrane, 2001). While we will

return to the special case of CAPM, this model is a general approach to asset

pricing in an economy with risk free rate and risky asset, derived from using
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the no-arbitrage argument and by introducing a time separable utility func-

tion.14. Therefore, the underlying assumptions are that of Arrow and Debreu

(1954). That is, the no-arbitrage argument, i.e. the existence of an event

price deflator as well investors valuing consumption. We have not assumed

a representative investor or complete markets, only dynamically complete.

We have not assumed the distribution of returns, or anything about the na-

ture of the assets(Cochrane, 2001, p.∼ 41). In fact, every neoclassical equity

valuation model can be derived from it (Constantinides, 1990). In practice,

however, we need a functional form of utility, values for the defining parame-

ters and a statistical distribution for consumption and returns. This is what

modelling with the CAPM and CCAPM imposes on the general pricing ker-

nel. As outlined, these assumptions regarding our models will become clear

once we introduce our valuation frameworks. We have now disclosed how

the event price deflator relates to a time separable utility function creating

a asset pricing relation. We now move on to explaining the specific models

applied in our empirical implementation. Consequently, we will try to relate

the following to the established theory.

14 We could have used any utility function and obtained the same result (Cochrane,
2001).
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5 Valuation Frameworks

Before presenting data and valuation procedures we will relate the asset

pricing theory to the valuation frameworks. This chapter will therefore be

purely theoretical we no estimation details. We end the chapter with a

discussion of the models relative to each other.

5.1 Standard CAPM

As outlined, the CAPM will be presented in a brief manner. We strive

towards using a standard CAPM model for implementation. Our approach is

similar to Bach and Christensen (2016). This will ensure a similar benchmark

structure with their article.

The CAPM is a special case of the generalized consumption-based model.

The CAPM utilizes the optimal wealth portfolio, often referred to as the

market portfolio, as a factor proxy serving as a variable describing aggregate

marginal utility growth (Cochrane, 2001). Hence, it is an expression trying

to proxy our introduced event-price deflator for future pay-offs, i.e.

mt+1 = β
u′(ct+1)

u′(ct)
≈ α + βRW

t+1 (24)

We wont derive the model in more detail as this does not serve our thesis

other than proving its theoretical anchoring in the consumption based model.

As outlined it can be derived using several different assumptions though

always with either a quadratic utility function or independent and identical

normally distributed returns (Cochrane, 2001, p.∼ 145). Notice that we will

not extend this to multiple periods as the CAPM is a single-period model

and hence assumes that all processes are deterministic using a constant risk

and time adjustment. Therefore, we need no theoretical modifications for
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modelling purposes, only summing all future adjusted cash flows (Christensen

and Feltham, 2009). For equity valuation purposes, equation 24 reads as

the expected return, and hence the firms cost of equity attributable as the

discount factor for future cash flows. Equity will be valued in the direct

approach using cash flows attributable to shareholders with the consistent

cost of equity accounting for risk and time as

Vt = bvt +
∞∑
τ=1

Et[riCAPMt+τ ]

(1 + ι+ rp)τ
(25)

where bvt is the book value of equity at valuation date, rit+τ = nit+τ −
ιt+τ−1,t+τbvt+τ−1 is the residual income defined as a function of net income

and the required rate of return on the preceding periods book value of eq-

uity (Petersen and Plenborg, 2012). ι is the risk-less yield and rp is the

equity risk premium defined by the market risk premium and the company

specific sensitivity towards states of the economy. Notice that we have gone

from focusing on value distribution with dividends to value creation using

fundamentals and the clean surplus relation. That is, we have presented

the Residual Income Valuation (RIV) model stated by Ohlson (1995) with

origins from Edwards and Bell (1961). We can model with accounting num-

bers as the clean surplus relation ensures that all value affecting activities is

recognized in the book value of equity, i.e. recognizing all transactions with

shareholders in addition to earnings from the income statement;

bvt = bvt−1 + nit − dt15 (26)

The book value of equity equals the book value from the period before added

net income for period t from the income statement adjusted for net trans-

actions wit shareholders d. Dividing through the RIV-model with the book

15 (Petersen and Plenborg, 2012, p.∼ 222)
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value of equity yields a market to book ratio as

Vt
bvt

= 1 +
∞∑
τ=1

Et[RIRCAPM
t,t+τ ]

(1 + ι+ rp)τ
(27)

We have obtained a slightly modified version of a classical RIV-model. As

will become clear, this makes the implementation leaner considering the other

models. The market-to-book ratio of a company is defined as the ”normal”

market-to-book value added a premium of abnormal returns defined as infi-

nite risk adjusted and discounted residual income returns. Residual income

returns is defined as RIRCAPM
t,t+τ =

riCAPMt+τ

bvt
justifying the time subscription

as a periodic value creation for the period t, t + τ . Naturally, we will not

forecast in infinity and use the standard approach with a fading period and

a continuing value as will be described in coming chapters.

In summary, each company at every valuation date calls for a estimate of cost

of equity, a book value of equity and a forecast of residual income returns

in order to implement the derived model. The former is a estimate for the

expected return of the stocks and can therefore be used to adjust future

cash flows. It requires a firm-specific beta, return on the risk free asset and

the market risk premium defined as the excess return on the optimal wealth

portfolio.

5.2 Consumption-CAPM with HARA Utility: CCAPM

This section will present our integrated framework for equity valuation using

risk adjustments from the consumption-CAPM theory using time additive

power utility16, i.e. a special case of HARA17 utility which is commonly

16 Also known as Isoelastic utility
17 Hyperbolic Absolute Risk Aversion
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applied in asset pricing (Feltham and Christensen, 2002). We use the Con-

sumption CAPM-framework from Bach and Christensen (2016) with HARA

utility referred to as CCAPM in the remaining chapters. Similar to the

CAPM, this model seeks to price after an equilibrium approach. The model

tries to describe the equilibrium price in an economy where individual pref-

erences are time additive and represents their ability to shift consumption

through time and states. Time additive preferences refers to the tenet that

the whole is equal to the sum of its parts so that investor have a one-to-one

trade-off of consumption possibilities (Duffie, 2001). This will determine the

demand and supply and therefore equilibrium through a pricing mechanism

as already defined as the event price deflator with alternative representa-

tions such as the valuation index. Our objective is therefore to present a

model that price equities correctly using an equilibrium approach where the

representative investor exhibits power utility preferences.

Recall that the value of a security using a valuation index is given as

υit(yt) =
T∑

τ=t+1

Bτt(yt)

{
E[diτ | yt) + Cov[(diτ , Qτt | yt)]

}
(28)

i = 1, 2, ..., I yτ ⊆ yt t = 0, 1, ..., T − 1

Since we are using accounting numbers we have to rewrite this using our

residual income valuation model. While leaving the theoretical the proof

from Feltham and Ohlson (1999) aside, we can remove the conditional events

yt and write the value of any security as

Vt =
∞∑
τ=1

Bt,t+τ

{
E[dt+τ ] + Covt[dt+τ , Qt,t+τ ]

}
18 (29)

18 Feltham Ohlson (1999)
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where Bt,t+τ = (1 + ιt,t+τ )
−τ is the price of a zero coupon bond at time t

yielding one dollar at time t + τ , ιt,t+τ is the zero coupon interest maturing

at t + τ and Qt,t+τ denotes the normalized event price deflator, i.e. the

valuation index. As with the CAPM, we will use the RIV-model with the

clean surplus relation. Hence, introducing residual income and book value of

equity our value function using the residual income model becomes

Vt = bvt +
∞∑
τ=1

Bt,t+τ

{
E[rit+τ ] + Covt[rit+τ , Qt,t+τ ]

}
(30)

We follow Bach and Christensen (2016) argument of discounting for time

with a varying term structure of zero coupons, and risk with a closed form

risk adjustment in the numerator. As mentioned, we need assumptions in

order to create the risk adjustment for empirical implementation. In order

to do this in a lean manner, we will make assumptions regarding the time

series properties of the accounting data, aggregate consumption and utility

preferences of representative agents forming the valuation index as a time-

varying risk adjustment. In order to model this risk adjustment we begin by

introducing a representative investor.

As Breeden (1979) prominent CCAPM we assume that all investors are rep-

resented by a time additive HARA utility function in order to aggregate

consumption. We will make use of the special case of power utility. This is

a well established modelling approach inheriting the feature that investors

consumption preferences are unaffected by scale and initial wealth (Arrow,

1965). Therefore, investor decisions are not recursive. More specifically, the

special case where investors exhibit constant relative risk aversion in the form

u(x) =
1

(1− γ)
x1−γ is applied. This is a Neumann and Morgenstern (1944)

utility function with γ denoting the common degree of risk aversion and x

real consumption. Similar to the ordinary CAPM, this implicitly assumes

the existence of an equilibrium and homogeneous beliefs across investors
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(Duffie, 2001). Furthermore, we assume that aggregate consumption and the

nominal price index is log-normally distributed and hereby making our val-

uation index normally distributed in line with standard asset pricing theory

of parameters following geometric Brownian motions (Bach and Christensen,

2016).19 Applying the imposed economic structure of the representative in-

vestor and the distribution of consumption to the valuation index allowing

for stochastic inflation from chapter 4.1.3, allows us to write the valuation

index at time t+ τ as20

ct+τ = γln(ct+τ ) + ln(pt+τ ) (31)

where the aggregate consumption per capita is

c =

(
cN

pN
+
cS

cS

)
/I (32)

and the nominal price index

p =

(
cN

cN + cS

)
pN +

(
cS

cs + cN

)
pS (33)

N denotes non-durable goods, S denotes services while I is the population

size. We will refer to ct+τ as the consumption index rather than the valu-

ation index as this is not the generalized form. The rationale behind using

these specific types of goods will be addressed when we discuss the models

in the next section. As outlined in the utility pricing chapters we need to

describe the growth in the consumption index in order to find the covari-

ance with residual income. Therefore, we assume the consumption index

19 This was also established in the theory chapter
20 See Christensen and Feltham (2009) for proof where they make use of the power

utility function and the valuation index from equation 11 in chapter 4.1.3
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process following a geometric Brownian motion in accordance with the as-

sumption of aggregate consumption being log normally distributed (Bach

and Christensen, 2016; Sondermann, 2006). The resulting growth process of

the consumption index can be written as

ct+τ − ct+τ−1 = κ+ δt+τ (34)

where κ is the constant percentage drift component or Wiener process of

the geometric Brownian motion implying constant and deterministic interest

rates. δ is the error term innovation which will be used to find the con-

temporaneous serial correlation with residual income creating the covariance

term in our valuation equation. The residual income process estimation will

commence in our methodology chapter as will the above be explained in

greater detail. Finally, under the assumption of future residual income and

the consumption index being jointly normally distributed we can rewrite our

valuation equation (31) as

Vt = bvt +
∞∑
τ=1

Bt,t+τ

{
E[rit+τ ] + Covt[rit+τ , ct+τ ]

}
(35)

Using the residual income returns notation from the standard CAPM in the

previous section, the valuation equation becomes

Vt
bvt

= 1 +
∞∑
τ=1

Bt,t+τ

{
E[RIRt,t+τ ] + Covt[RIRt,t+τ , ct+τ ]

}
(36)

This is the finalized value equation for the CCAPM before imposing a trun-

cation point. We will elaborate on the covariance term constituting the risk

adjustment as this will be time varying and connected to company fundamen-

tals. Before turning to this, we will introduce the consumption-based model
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with recursive utility as they bear considerable estimation similarities.

5.3 Consumption-CAPM with Recursive Utility: Epstein-

Zin

We will now present another integrated framework for equity valuation, but

with different assumptions regarding utility of investors. The model will

be similar to the CCAPM in many aspects, including using the equilibrium

approach for determining prices of equities. The model is designed using

recursive utility, which essentially means that it inherits a more holistic per-

spective on how investors optimize consumption (Celik, 2012). Time-additive

utility (HARA) represents agents with a smooth consumption process with

low adaptation through intertemporal substitution because all consumption

and investment decisions are independent and additive. Epstein and Zin

(1989) preferences refers to investors managing current consumption and

wealth based on past and future consumption and therefore attributing value

to the timing of uncertainty. Agents’ utilities therefore becomes intertem-

porally consistent and not time-arbitrary. We will incorporate a framework

similar to that of CCAPM only with slightly different risk adjustment as a

consequence of attributing Epstein and Zin (1989) preferences to investors.

We will refer to this model as Esptein-Zin or EZ in coming chapters. As

with the CCAPM, we will only focus on derivation that creates insights for

implementing and understanding its approach to valuing companies.

As with CCAPM, no arbitrage is assumed implying the existence of a valua-

tion index. Furthermore, this is an equilibrium approach where the applica-

tion will rely on modelling through observable economic variables. Similarly

to the CCAPM we must assume specific preferences of investors in order

to aggregate consumption and attach specifications to the distributions and

time series properties of residual income returns. In contrast to the CCAPM,
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as will be clear, we also need to make assumptions regarding the distributions

of the market portfolio. Again, we begin with the risk and time separated

pricing kernel as

Vt = bvt +
∞∑
τ=1

Bt,t+τ

{
E[rit+τ ] + Covt(rit+τ , Qt,t+τ )

}
(37)

Our goal is now to incorporate Epstein and Zin (1989) preferences into our

valuation index, i.e. the normalized event price deflator Qt,t+τ . Naturally, we

impose a representative investor in order to use recursive utility for valuation.

Epstein and Zin (1989) wanted to model an investor planning consumption

recursively and define equilibrium prices accordingly. This resulted in repre-

sentative agents maximizing lifetime utility defined recursively as

Vt =

[
(1− δ)C

1− γ
θ

t + δ(Et[Λ
1−γ
t+1 ])1/θ

] θ

1− γ 21 (38)

subject to the budget constraint

Wt+1 = (Wt − Ct)rWt+1 (39)

where Ct is consumption at time t, γ is still our constant parameter for

risk aversion, θ =
1− γ

1− 1

Ψ

is a helping variable with Ψ denoting elasticity of

intertemporal substitution, i.e. sensitivity across time, δ ∈ 〈0, 1〉 representing

an agents time preference, Wt is wealth at time t and rWt+1 is return on all

invested wealth. The above assumes no labour income, i.e. human capital is a

tradeable asset yielding labour income in the form of dividends. This imposed

21 (Epstein and Zin, 1989, p.∼ 959)
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economic structure of investors individual optimum as well as the competitive

equilibrium assumption gives a tractable single-period event price deflator22

mt+1 =
πt+1

πt
= δθ

(
ct+1

ct

) θ
Ψ (rWt+1)

θ−1 (40)

Differently from the CCAPM with the power utility assumption, we see that

the stochastic discount factor incorporates the endogenous return on the op-

timal wealth portfolio rWt+1. This reads from equation 40 as power utility

implies γ =
1

Ψ
giving θ = 1 collapsing the second term leaving consump-

tion dynamics as the determinant for equilibrium prices, i.e. the CCAPM

from before (Kiku, 2006). It is clear from equation 40, that the state of the

economy’s effect on the event price deflator is not straight forward for inter-

pretation. The event price deflator depends on consumption today and in

the future, as well as future investment opportunities through the expression

of the optimal wealth portfolio. Consequently, variations in state variables

defining the dynamics of change in consumption will dictate marginal utility

of the representative investor and affect the price in equilibrium(Epstein and

Zin, 1989). We have only established the event price deflator, and not the

valuation index. We will leave the derivation of the valuation index for the

appendix23 as this does not serve any greater understanding of our valua-

tions and how the models differ from the others. This allows to present the

valuation index as the consumption and wealth processes respectively as

gt+τ = κln(g) + φt+τ (41)

22 See Henriksen and Sørensen (2017) for proof
23 See appendix A
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and

rWt+τ = κln(w) + θt+τ (42)

Hence, the valuation index constitutes of two terms as outlined by the event

price deflator from equation 40. In reference to our theory chapter this is

obtained by normalizing the event price deflator with the riskless discount

factor. Both the processes are Brownian motions similar to that of the con-

sumption index process in the CCAPM with the same assumptions and im-

plications (Henriksen and Sørensen, 2017). Similar to the CCAPM we use

residual income instead of dividends and assume it to be jointly normally dis-

tributed with our valuation index. We can therefore write the final valuation

equation using Epstein and Zin (1989) preferences as24

Vt
bvt

= 1+
∞∑
τ=1

Bt,t+τ

[
Et[RIRt,t+τ ]−

θ

Ψ
Covt[RIRt,t+τ , gt,t+τ ]+(θ−1)Covt[RIRt,t+τ , r

W
t,t+τ ]

]
(43)

This forms a more complex value relation where we account for investors

optimizing with a recursive utility function not only considering consumption,

but also wealth. It should be noted that it is possible to derive a value

creation with HARA utility which also uses the optimal wealth portfolio

as a variable, but this would not induce any enhanced modelling features

(Cochrane, 2001). Furthermore, we need to apply reasonable values for the

constants of elasticity of intertemporal substitution ψ, and similar to the

CCAPM, the relative risk aversion parameter γ. As earlier derived, this is

because gamma is indirectly affecting the value equation through the helping

24 See appendix A for derivation
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variable, theta, defined as θ =
1− γ

1− 1

Ψ

. The next chapter will elaborate on

the modelling features applied to the risk adjustment of the CCAPM and

Epstein-Zin model. This is the salient part of the valuation models making

them distinctly different from the CAPM framework.

5.4 Modelling Stochastic Processes of Risk Adjustments

in CCAPM and Epstein-Zin

So far, we have established the existence of a valuation index with power util-

ity and recursive utility, respectively. Their valuation indexes are modeled

through their respective processes of consumption and wealth. The follow-

ing will describe the estimation procedures of the three different covariance

terms. One is for the CCAPM and two for the Epstein-Zin model. Note that

this section will only describe the processes of the risk adjustments of con-

sumption and wealth. The residual income returns process will be described

later in the text as this is identical for both frameworks. For now, note that

it follows a first order regression allowing for the following derivations.

Recall the valuation index called the consumption index from earlier, follows

the process of

ct+τ − ct+τ−1 = κ+ δt+τ (44)

The model assumes that the error terms for residual income returns denoted

ε, and the consumption index are serially uncorrelated, but contemporane-

ously correlated reflecting systematic risk, i.e. the risk adjustment for resid-

ual income returns (Bach and Christensen, 2016). Hence, the two error term

innovations are normally distributed as
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[
εt+τ

δt+τ

]
∼ N

(
0,

{
σ2
r σrc

σrc σ2
c

})
(45)

These assumptions makes it possible to find the covariances at each valua-

tion date. Moving on to the stochastic processes of Epstein-Zin, recall the

consumption and wealth process as

gt+τ = κln(g) + φt+τ φt+τ ∼ N (0, σ2
g) (46)

and

rWt+τ = κln(w) + θt+τ θt+τ ∼ N (0, σ2
w) (47)

Again, we assume that the error term innovations of consumption, wealth and

residual income returns are serially uncorrelated and normally distributed,

but contemporaneously correlated as

εt+τφt+τ

θt+τ

 ∼ N(0,


σ2
r σrg σrw

σrg σ2
g σgw

σrw σgw σ2
w


)

(48)

We can now use the four processes to create closed form risk adjustments

following Bach and Christensen (2016). While leaving the cumbersome proof

aside, we can make use the distributions of the error terms and properties of

of geometric series in creating covariances as25

25 See Bach and Christensen (2016)
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Covt[RIRt,t+τ , cit,t+τ ] = σrc
1− ωτr
1− ωr

for τ > t (49)

Covt[RIRt,t+τ , gt,t+τ ] = σrg
1− ωτr
1− ωr

for τ > t (50)

Covt[RIRt,t+τ , r
W
t,t+τ ] = σrw

1− ωτr
1− ωr

for τ > t (51)

The covariance expressions will have a time-varying component, namely the

persistence level, ω, denoting residual income returns persistence level from

the long run structural level on an industry basis. As mentioned, this will

be explained in greater detail in the next chapter estimating the residual

income process. As evident from the three different covariances, they bear

the same properties for time varying risk adjustment. The contemporaneous

covariances denoted sigma dictate the overall force of the risk adjustment in

the CCAPM (σrc) and Epstein-Zin (σrg, σrw). This is constant per valuation

date and is modified by the time series estimation of residual income returns

through the persistence parameter ω, common to all the covariances. As

outlined, this is the persistence of deviations of residual income returns from

the structural level. For a positive contemporaneous covariance the overall

risk adjustment is scaled by the persistence parameter. This is intuitive

as future non-reverting residual income is more uncertain and thus requires

a higher risk adjustment, and vice versa. Notice how the special case of

a persistence parameter of zero implies a constant non-time varying risk

adjustment as in the similar study of Nekrasov and Shroff (2009). Also note

how the risk adjustment is capped as τ → ∞ towards the upper limit of

σrx
1

1− ωr
where x = [c, g, w] depending on which of the three processes we

are considering. In conclusion, we have two valuation frameworks where the

time series properties of fundamentals in terms of residual income returns has

a direct link with the risk adjustment(s) across years(Bach and Christensen,

2016).
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6 Discussion of the Models

The CAPM-model bears some considerable differences from the theoretical

frameworks of the other two models. We use a constant cost of capital

through all future years from the valuation date, not allowing for a varying

risk and time adjustment. This is because there is no provided time series

link between forecasted accounting fundamentals and the cost of equity. In

addition, the market risk premium is a quantification of non-diversifiable risk

premium not directly observable. It is also not constant as outlined in the

multi-period arbitrage theory. It is determined by variables such as investor

risk aversion, consumption preferences, government policies and volatility of

macroeconomic factors such as inflation, interest rates and overall economic

growth (Damodaran, 2017). Not allowing for stochastic processes puts con-

siderable importance in estimating these inputs accurately as deterministic

variables. While it is possible to estimate a decent term structure from traded

securities, the other empirical difficulties have not been tackled sufficiently

by economists as evident from a number of studies.26 Furthermore, poten-

tial estimation errors in the cost of equity estimation will be compounded

throughout the forecasting years. The sensitivity is largely resulting from the

exponentially increasing risk adjustment for future cash flows. This degree of

risk adjustment is only justified if all shocks to future residual income follows

a geometric Brownian motion (Bach and Christensen, 2016, p.∼ 1150). If

residual income follows a process with persistence and transitory shocks this

risk adjustment is most likely overstated. There is extensive empirical evi-

dence for the latter being the case for most industries (Nissim and Penman,

2001; Fama and French, 2000). This is also theoretically accepted as forces

of competition dictate markets’ profitabilities.

The two consumption based models mitigates the issues above, in that they

26 See our literature review for an overview of these issues
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allow of stochastic processes in the risk adjustment and for inflation embod-

ied in the valuation index. By adjusting for risk in the numerator through

creating the link between industry fundamentals through the residual income

returns and consumption data, the model avoids the critical exercise of es-

timating cost of equity. The model design connects industry profitability

with the risk adjustment. This follows classic financial theory of diminish-

ing sustainable advantages as industries matures (Nissim and Penman, 2001).

Furthermore, the models allow for stochastic processes rather than determin-

istic future returns and risk adjustments, which is theoretically more aligned

with the valuation theory from previous chapters(Christensen and Feltham,

2009). Finally, by applying the readily observable term structure, the model

should create more accurate results. Nevertheless, the consumption-based

frameworks also bear potentially severe theoretical and empirical alerting

elements for discussion.

As mentioned in our literature review, past empirical tests have resulted

in disappointing findings, i.e the equity premium puzzle. While covariance

between equity returns and consumption has been minimal, return on equi-

ties has been relatively high (Mehra and Prescott, 1985; Lucas, 1978). This

implies the risk aversion parameter γ to be substantially higher than con-

sensus in academics which is somewhere between one and ten (Celik, 2012;

Gandelman and Murillo, 2013). Nevertheless, many believe it to be sub-

stantially higher and that CCAPM actually performs better than its peer

models(Mehra and Prescott, 1985; Cochrane and Hansen, 1992). This, how-

ever, implies that agents will prefer steady consumption levels as they are

increasingly risk averse. Since aggregate consumption has increased substan-

tially in western economies we would therefore expect a tendency towards

investors borrowing in early parts of their life in order to eliminate consump-

tion variation. Naturally, this is inconsistent with the low interest rates and

high demand for debt financing, especially in recent times. This is referred

to as the risk-free rate puzzle (Weil, 1989).
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There are several proposed reasons for these problematic observations. Data

problems have been a salient topic since the studies of Breeden, Gibbons

and Litzenberger (1989) and relates to data smoothing, time separability

and aggregation. As the equity puzzle insinuates, consumption data has

too little variation for the covariance to describe the high equity returns ob-

served. The first reason for this might be smoothing which relates to the fact

that the modelling of the valuation index in the CCAPM is created through

smoothing seasonal variations. Empirical evidence for high risk aversion

means high intertemporal substitution in the CCAPM. The Epstein-Zin can

hopefully mitigate the low variation in consumption by including an indi-

vidual intertemporal substitution parameter, ψ, in addition to the relative

risk aversion parameter, γ. Secondly, consumption aggregation refers to the

assumption of heterogeneity among all agents in terms of income and market

participation. Campbell and Mankiw (1989), for instance, models investor

behaviour which violates the expected utility axioms described in the theory

chapter. They conclude that investors do not follow the notions assumed

in the models, and therefore reject the appicability of both the CAPM and

CCAPM. As outlined, fundamental asset pricing with a single rational and

representative investor is exactly the modelling approach of CAPM and the

CCAPM as well as other neoclassical models. We will have to recognize it as

a possible flaw in our application. Finally, the time separability of modelling

consumption can dilute results. This is because the data available is actu-

ally expenditures and not consumption (Breeden, Gibbons and Litzenberger,

1989). Therefore, this will contain both consumed goods and purchased, but

unconsumed goods. Some studies, such as Dunn and Singleton (1986), tried

using lagged consumption betas accounting for durable goods with limited

success. As mentioned in the CCAPM framework, we will use services and

non-durable goods to mitigate the effects as is standard practice (Campbell

and Mankiw, 1989).

In conclusion, we have discussed several challenges in implementing both the
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CAPM and the consumption-based models. The CAPM is a single-period

model that does not allow for stochastic processes in estimation and does

not create a direct variable link between company- or industry fundamen-

tals and the risk modelling. The consumption-based models provides this

link, however, assuming constant interest rates in the consumption index

is obviously not plausible. Furthermore, they assume heterogeneous pref-

erences. Finally, consumption data is, due to reasons mentioned above, not

ideal for modelling, as proven by a number of studies. In that regard, CAPM

has an edge in terms of readily observable stock prices and indices. Hence,

there are several pros and cons with both the CAPM- and CCAPM- and

EZ-frameworks.
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7 Data and Methodology

The data collection and valuation methodology in this thesis is inspired by

the approach in Bach and Christensen (2016). However, due to certain data

availability limitations resulting from our choice of the Norwegian stock mar-

ket as our area of study, some modifications to the approach are necessary to

conduct the analysis on a satisfactory large sample. In the following sections,

our approach for data collection and valuation methodology is explained in

detail.

7.1 Valuation Approach

In broad strokes, all the valuation frameworks require the same valuation

approach. This approach builds on the relationship stating that the market

value of equity is equal to the book value of equity plus the present value of

all future residual income, in which residual income reflects all income that

exceeds the required rate of return by investors. The nature of this required

rate of return depends on the valuation framework. Speaking in terms of

residual income returns (RIR) rather than residual income, the market to

book ratio is equal to one plus the residual income returns made on the book

value of equity. In its simplest terms and omitting time subscripts for the

residual income returns, this relationship can be stated as

Vt
bvt

= 1 +
∑

PV [RIR], (52)

in which Vt is the market value of equity at time t, bvt is the book value of

equity at time t, and PV [RIR] is the present value of residual income returns

at all future dates relative to time t. As a result, our general valuation

approach consists of 1) forecasting future residual income returns, and 2)
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discounting the future residual income returns to the valuation date. The

method used to forecast future residual income returns is equivalent across

the different valuation frameworks, whereas the method used to discount

the future residual income returns is what separates the different valuation

frameworks. These two processes will now be described separately.

7.1.1 Forecasting Residual Income Returns

Similar both to standard valuation practice, as well as the approach followed

by Bach and Christensen (2016), we divide the forecasting of residual income

returns into smaller sub-periods with different characteristics. We call the

first sub-period the explicit forecasting period. This period lasts from t+ τ ,

in which t is the time of valuation, and τ = 1, ..., 5. Following a standard

valuation approach, we assume that analysts are able to make meaningful

predictions of future profitability withing this time interval (Petersen and

Plenborg, 2012). During this sub-period, to the extent that it is possible,

we aim to use analysts’ estimates to forecast residual income returns. The

exact data used will be described later in this chapter. As in the study

conducted by Bach and Christensen (2016), the next sub-period is defined

from τ = 6, ..., 12. In this time interval, we assume that residual income

returns grow at a constant rate g. We use this sub-period as a convergence

period in the case of negative RIRs. Lastly, a third sub-period is needed

to calculate the terminal or continuing value. The continuing value relates

to all future residual income from τ = 13 to infinity. Standard valuation

practice utilizes a variation of the closed form equation for perpetual income

streams, known as Gordon’s growth formula, for the calculation of continuing

value. Gordon’s growth formula,
c

r − g
, in which c represents some future

income stream at time t+ 1, r represents a discount rate, and g represents a

growth rate, calculates the present value of all future income streams at time

t. Hence, in our valuation approach, this formula is used to calculate the
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continuing value at τ = 12. An issue with Gordon’s growth formula is the

fact that it is only applicable for r > g. As we will allow for varying growth

rate assumptions, this lead to potential cases where r < g. This implies

that residual income returns grow at a larger rate than they are discounted,

which in turn implies an infinite present value of future RIRs. To avoid

this, we windsorize the term r − g to 0.01 in the cases where r < g, under

the assumption that an analyst would never allow for the growth rate to

exceed the discount rate in the continuing value calculation. Summarizing

the different sub-periods, and omitting the discounting method and expected

value notation, the simple valuation framework in equation 52 becomes

Vt
bvt

= 1 +
5∑

τ=1

PV [RIRt,t+τ ] +
12∑
τ=6

PV [RIRt,t+τ ] + PV

[
RIRt,t+12(1 + g)

r − g

]
(53)

This general equation applies to all three valuation models we apply in this

thesis.

7.1.2 Discounting Residual Income Returns

Naturally, given the nature of this thesis, the way that future residual in-

come returns are discounted varies depending on the valuation framework

in question. This section describes the procedure followed and assumptions

made for practical application of each valuation framework, i.e. 1) CAPM,

2) CCAPM, and 3) Epstein-Zin.

1) CAPM

For the standard CAPM-based model, discounting is done by calculating

a common cost of equity, i.e. a percentage return on equity required by

investors, that is constant across the entire forecasting period for each val-
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uation year. In other words, we calculate one cost of equity per company

per valuation date. Residual income returns are discounted with a cost of

equity rather than a common cost of capital due to RIR being an equity

based return measure. The calculation of the cost of equity requires three

parameters: 1) A risk free rate, 2) an equity risk premium, and 3) a measure

describing the company in question’s sensitivity towards movements in the

market proxy, commonly referred to as beta. The equation for calculating a

CAPM-based cost of equity can be written as

re = ι+ βrp (54)

where re is the cost of equity, ι is the risk free rate, β is the sensitivity

parameter beta, and rp is the equity risk premium.

In choosing the risk free rate, we follow what is described by Bach and Chris-

tensen (2016) to be the standard approach in valuation studies. This involves

choosing a risk free rate equal to the 10 year treasury yield. We apply the

Maastricht Treaty EMU series extracted from the Eurostat database (Eu-

rostat, 2018). This series represents interest rates for long-term government

bonds with a residual maturity of around 10 years, and can be considered as a

10 year government bond for the entire Eurozone. The reasoning behind the

choice of an international risk free rate is to reflect the fact that investors are

assumed to have the opportunity to manage their wealth on a global basis.

This assumption is interrelated to the estimation of company betas. In esti-

mating betas, one has to choose a proxy for the market portfolio. Based on

the assumption that investors can invest globally, it follows that the market

proxy should also be global. Because of this, the MSCI All Countries World

Index (MSCI ACWI), which is a market value-weighted index of stocks from

equity markets across the world, both in developed and emerging economies.

Another argument for utilizing a global index as the market proxy, or rather

not to utilize the Oslo Stock Exchange as the market proxy, is the inherent
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characteristics of the Norwegian stock market. Compared to the global stock

market, the Oslo Stock Exchange is unproportionally represented by compa-

nies in the oil sector. Choosing the Norwegian stock market as the market

proxy would thus imply that the betas to some extent describe the sensitiv-

ity of companies to the oil sector, rather than the state of the economy as a

whole. By choosing the global index as the market proxy, the cost of equity

relationship is only internally consistent by choosing an international risk

free rate (Koller et al., 2015). The beta estimation procedure is described in

more detail in the final section of this chapter.

Finally, the cost of equity calculation requires an estimate of the equity risk

premium. There are several ways of estimating this parameter. One way

is to follow the method of Bach and Christensen (2016), in which they cal-

culate the geometric average of regressed excess returns of stocks over the

risk free rate under different time interval assumptions. Another way is to

average the opinions of practitioners in finance and economics Damodaran

(2017). Rather than estimating our own equity risk premium, we use histori-

cal estimates at each valuation date of the equity risk premium calculated by

Damodaran, which he labels the ”developed economy equity risk premium”.

Damodaran estimates the implied equity risk premiums using spreads from

credit default swaps. These estimates are based on US data, and as such, we

are assuming that the American risk premium is applicable in a global set-

ting. Combining all these parameters yields the equity risk premium through

the following relation

re = ι10yEUR + β rpDamodaran (55)

The cost of equity is calculated for each company at each valuation date.

As is considered standard in valuation research, the cost of equity in the

standard model is assumed constant for the course of the valuation. Like
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Bach and Christensen, we windsorize the cost of equity at 2% in the rare

cases that the estimated cost of equity falls below this value. The complete

valuation equation for the CAPM-based model thus becomes

Vt
bvt

= 1 +
5∑

τ=1

Et[RIRt,t+τ ]

(1 + re)
τ +

12∑
τ=6

Et[RIRt,t+τ ]

(1 + re)
τ +

Et[RIRt,t+τ ](1 + g)

(1 + re)12(re − g)
(56)

2) CCAPM

In discounting future residual income returns, the CCAPM-framework we

utilize in this thesis differs substantially from the standard CAPM-based

framework described above. Specifically, our CCAPM is not used to calcu-

late a common cost of equity. Rather, it separates discounting for time and

adjusting for risk into two independent processes. Whereas the discounting

implied by the CAPM framework works by compounding a single metric that

adjusts for both factors, only the time aspect of discounting is compounded in

our CCAPM framework. In fact, according to Bach and Christensen (2016),

the main appeal with this CCAPM framework compared to the standard

CAPM-based discounting is that potential beta estimation errors that lead

to cost of equity errors which are then compounded into larger errors over

time, cannot happen in the same manner in this CCAPM-framework. This

is because only time value is used for discounting future income streams,

whereas the risk-adjustment simply involves numerical subtraction of risk

from the residual income returns. In their words: ”The model differs from

standard valuation models in the sense that it adjusts forecasted residual

income for risk in the numerator rather than through a risk-adjusted cost of

equity in the denominator” (Bach and Christensen, 2016). As described in

our valuation frameworks, the risk-adjustment in the numerator involves esti-

mating a covariance between the consumption index and the residual income

returns. This estimation, in turn, requires an estimation of the structural
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level of residual income returns, in this thesis at the industry-level, as well as

an opinion on the relative risk aversion in the economy, and an estimation of

the consumption index with which the residual income returns covary. The

estimation of the structural level of residual income returns will be discussed

in greater detail later in the text.

The estimation of the consumption index follows the approach of Bach and

Christensen (2016). This estimation calls for data on aggregate consumption,

as well as consumer price indices for non-durable goods and services. The rea-

son for using price indices for non-durable goods and services is that CCAPM

prices assets with respect to changes in aggregate consumption between two

points in time, while aggregate consumption data provides total expenditures

over time. Expenditures does not equal consumption, as goods can be par-

tially consumed or saved for another period (Breeden et al., 1989, p.∼ 6). As

a consequence, we use the price indices for non-durable goods and services

similar to Bach and Christensen (2016) to minimize the measurement prob-

lem associated with expenditures versus current consumption of goods and

services. In terms of the aggregate consumption data, our initial thought

was to use Norwegian consumption data. However, Norwegian aggregate

consumption data does not exist at a satisfactory level27. Additionally, one

could argue that in the same vein that our CAPM approach utilizes a global

market portfolio proxy, so should the CCAPM utilize a global consumption

index proxy. As a result, and in line with other empirical implementations

of CCAPM (such as Bach and Christensen (2016), Breeden, Gibbons and

Litzenberger (1989), and Mankiw and Shapiro (1986)), we collect Ameri-

can aggregate consumption data from NIPA-tables prepared by the Bureau

of Economic Analysis (formerly available through the U.S. Department of

Commerce). It should also be noted that the absolute size differences be-

tween aggregate consumption in Norway and the US does not matter for the

27 Data on Norwegian consumption has not been released since 2012, and was not re-
leased consistently on an annual basis before this (Statistics-Norway, 2013)
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estimation of the consumption index, as the consumption index is a relative

time-series growth measure.

In addition to the aggregate consumption data and the price indices for non-

durable goods and services, which are both collected from the NIPA tables,

we need an opinion about the relative risk aversion in the economy in order

to finalize the consumption index. As described in the valuation frameworks,

this relative risk aversion is expressed in the formation of the consumption

index through the parameter γ. The appropriate value of this parameter is a

source of debate within the academic field, and the debate will not be covered

in detail in this thesis.28 The parameter is widely considered to be difficult

to estimate, and is also likely to vary with economic states (Cochrane, 2001).

For instance, researchers suggest values ranging from 0-12 (Epstein and Zin,

1989) to 40-55 ((Mehra and Prescott, 1985) and (Cochrane and Hansen,

1992)). As outlined, however, most academic research suggest that some-

where in the range of one to ten is a reasonable (Celik, 2012; Gandelman and

Murillo, 2013). Our approach follows that of Bach and Christensen (2016),

Campbell and Cochrane (1999) and Wachter (2006), and accordingly we use

γ = 2. It should also be noted that Bach and Christensen performed sensi-

tivity tests on the parameter, with their conclusions remaining unchanged.

Together, the aggregate consumption data, the price indices, and the relative

risk aversion parameter are used to estimate the consumption index in accor-

dance with the method described in our theory chapter. The consumption

index is then used in combination with the estimated long run structure level

of residual income returns to estimate a covariance between consumption and

residual income. Both processes will be described in more detail later in the

text.

As for the discounting for time, which similar to the CAPM-approach hap-

28 See Gandelman and Murillo (2013), Janecek (2004), Mehra and Prescott (1985) and
Hansen and Singleton (1982)
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pens in the denominator, we use a varying term structure estimated at every

valuation date. The varying term structure allows for different discount rates

at different future dates, reflecting the varying time-value risk observed in the

market. As a result, we need zero coupon yields for τ = 1, ..., 12, as well as for

τ = 30. The zero coupon yields for τ = 1, ..., 12 are used for discounting the

risk-adjusted residual income returns forecasted in the same period, as well

as for discounting the continuing value. The zero coupon yields for τ = 30

are used to calculate the continuing value at τ = 12, as this is meant to rep-

resent the interest rate with the longest observable maturity. Additionally,

the zero coupon term structure is used to calculate forward rates for years

one through five. The forward rates are used in the calculation of residual

income as estimates for future spot interest rates in the cases where we have

EPS estimates. The calculation of residual income will be elaborated later in

this chapter. We estimate the term structure using the Nelson-Siegel model

from (Nelson and Siegel, 1987), extended by Svensson (1995). Following the

notation of Comission (2010), the model can be expressed as

y(τ) = β1 +β2

[
1− exp(−τ/λ1

τ/λ1

]
+β3

[
1− exp(−τ/λ1)

τ/λ1
− exp(−τ/λ1)

]
(57)

+β4

[
1− exp(−τ/λ2)

τ/λ2
− exp(−τ/λ2)

]
The variables β1, β2, β3, β4, λ1, λ2, are estimated by minimizing the squared

residuals between a benchmark yield and the model output. We use the

fixed leg in a six month EURIBOR swap quoted daily for maturities up to

30 years. After obtaining the model rates we calculate them as discrete rates

using

ιtτ = ert − 1 (58)
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There are several advantages using the swap curve estimation. The swap

curve market is liquid with no repo-effects from repurchase agreements creat-

ing inconsistency in the term structure (Duffie, 1996a; D.Jordan and D.Jordan,

2012). Furthermore, reflecting both market expectations towards the inter-

est levels and bank credit it is a powerful indicator for fixed income markets.

For a complete overview we refer the reader to BankofCanada (2000). By

running the NSS for maturities 1-30 years from 1995-2016 results in a large

number of estimates and graphical representations of the term structure.29

Figure 2: Estimated Term Structures for 1996 and 2011

A typical term structure is depicted in figure 2. As a sanity check of our re-

sults, we extracted the yield curve from Eurostat from 1999-2016. The reason

for not using this in the first place is missing estimates for many maturities

in 1995-1998 as well as the mentioned features of the swap curve. Figure

3 depicts the term structure for 1996 using the NSS on the missing years.

The graphical presentation shows the resulting structural breaks creating a

non-smooth yield curve.

29 See Appendix C for NSS parameters for all valuation years
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Figure 3: Estimated Term Structure for 1996

We will therefore proceed with the swap curve in our estimation of company

values. Having estimated the covariance between residual income returns

and the consumption index, as well as the zero coupon term structure, the

complete valuation equation for the CCAPM becomes

Vt
bvt

= 1 +
5∑

τ=1

Et[RIRt,t+τ ]− σrc
1− ωτr
1− ωr

(1 + ιt,t+τ )τ
+

12∑
τ=6

[
Et[RIRt,t+τ ]− σrc

1− ωτr
1− ωr

]
(1 + ιt,t+τ )τ

(59)

+

[
Et[RIRt,t+τ − σrc

1− ω12
r

1− ωr

]
(1 + g)

(1 + ιt,t+12)12(ιt,t+30 − g)

where σrc
1− ωτr
1− ωr

is the covariance between residual income returns and the

consumption index, and ιt,t+τ is the estimated zero coupon rate between the
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valuation year t and the future date t+ τ .

3) Epstein-Zin

In practical terms, the valuation approach when using the Epstein-Zin frame-

work is almost identical to that of the CCAPM procedure described above.

Specifically, the discounting for time is identical, and the adjustment for

risk is very similar. The only difference is that in addition to adjusting

for risk through the covariance parameter between residual income returns

and the consumption index, which as described in the theory chapter is cal-

culated in a slightly different manner than in the CCAPM, there is also

a risk-adjustment through the covariance between residual income returns

and the market portfolio proxy. This requires an attitude towards an addi-

tional parameter, namely the elasticity of intertemporal substitution (EIS)

Ψ. Similar to γ, appropriate values for Ψ is widely debated in the scientific

community, and as with γ, we follow the recommendations of academic pa-

pers in choosing this value. It should also be noted that similar to γ, the

parameter is likely to vary across both time and investors. A comprehensive

meta-analysis of EIS research papers by Havranek (2015) claimed that many

previous estimates were severely biased, and, correcting for these biases, con-

cluded that an EIS value of 0.4 was appropriate. This result was supported

by Vissing-Jørgensen (2002). Accordingly, we use Ψ = 0.4 for calculating

the second covariance term in the Epstein-Zin-based framework. Along with

the long run structural level of RIR and the covariance between RIR and

the consumption index, a detailed description of how this second covariance

term is estimated will be presented later in the text.

Having estimated the covariance terms and the term structure, the final

Epstein-Zin-based valuation equation becomes

Vt
bvt

= 1 +
5∑

τ=1

Et[RIRt,t+τ ]−
θ

ψ
σrg

1− ωτr
1− ωr

+ (θ − 1)σrw
1− ωτr
1− ωr

(1 + ιt,t+τ )τ
(60)
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+
12∑
τ=6

[
Et[RIRt,t+τ ]−

θ

ψ
σrg

1− ωτr
1− ωr

+ (θ − 1)σrw
1− ωτr
1− ωr

]
(1 + ιt,t+τ )τ

+

[
Et[RIRt,t+τ ]−

θ

ψ
σrg

1− ωτr
1− ωr

+ (θ − 1)σrw
1− ωτr
1− ωr

]
(1 + g)

(1 + ιt,t+12)12(ιt,t+30 − g)

where
θ

ψ
σrg

1− ωτr
1− ωr

is the first risk adjustment similar to that of CCAPM,

θ − 1)σrw
1− ωτr
1− ωr

is the new risk-adjustment term, and θ =
1− γ

1− 1

Ψ

.

7.2 Data collection and Implementation

Having defined the methodology for each valuation framework, we now de-

scribe in detail what data is collected, and how it is used to form the param-

eters needed in the valuation equations. Our data collection largely follows

the approach of Bach and Christensen (2016), however, due to data con-

straints resulting from examining the Norwegian stock market rather than

the American, we make certain modifications to accommodate for the data

availability.

In summary, our data collection revolves around two databases. The first is

Datastream, which includes the I/B/E/S-database. Here, we collect earn-

ings per share (EPS)- and long term growth rate (LTG)-forecasts, as well as

number of shares outstanding (NOSH), stock prices, stock indices, and inter-

est rates. The second database is the Compustat database, available through

Wharton Research Data Services (WRDS). Here, we collect specific company

financials used both in the actual valuations, as well as in the mean rever-

sion process to estimate long run structural levels of RIR. We collect data
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and perform valuations on all companies contained in these databases that

were listed on the Oslo Stock Exchange at some point during 1996 to 2016.

This includes companies that went on to be delisted, in order to mitigate

survivorship bias.

7.2.1 Forecasting RIR

In order to perform valuations on companies on the Norwegian stock market,

we need to form an opinion on the future profitability of these companies.

Naturally, due to time constraints, it would be impossible to perform fun-

damental valuations on all companies in each year throughout our analysis

period, and as a result, we base our forecasting on external data. Following

in the vein of Bach and Christensen (2016), we collect one- and two-year

ahead consensus EPS forecasts, as well as long term consensus EPS growth

(LTG) forecasts from the I/B/E/S database.30 Combined with the number

of shares outstanding at the valuation date, collected from Datastream 31,

these are used to forecast net income (NI) in years one through five following

the valuation date through the equations

NIt+τ = EPS1MN ∗NOSHt for τ = 1 (61)

NIt+τ = EPS2MN ∗NOSHt for τ = 2 (62)

NIt+τ = EPS2MN ∗NOSHt ∗ (1 + LTG)τ−2 for τ = 3, 4, 5 (63)

In order to calculate future RIR, we first need to calculate residual income.

This requires estimates of future book values of equity. Like Bach and Chris-

tensen (2016), we follow the standard procedure in the literature and assume

a constant payout ratio equal to the current payout ratio. This calculation

30 Series names: EPS1MN, EPS2MN and LTMN
31 Series name: NOSH
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utilizes data from Compustat. First, we calculate common shareholders’ eq-

uity (CSE) in each valuation year based on accounting data through the

clean surplus relation (Nissim and Penman, 2001). The approach is simi-

lar to that of Bach and Christensen (2016), but differs in that Compustat

does not offer the exact accounting items needed for the calculation for non-

American companies. Specifically, the items ”Preferred treasury stock” and

”Preferred dividends in arrears” are not available for non-US companies. We

approximate this by using ”Total treasury stock” and ”Preferred dividends”
32. These financials are slightly different, as ”Total treasury stock” includes

common treasury stock in addition to preferred treasury stock, and as ”Pre-

ferred dividends” only includes preferred dividends for the year in question,

rather than in arrears. This alteration is not very impactful, as both items

are 0 in nearly all years for all companies. In summary, common shareholders’

equity is calculated as

CSE = CEQ+ TSTK −DV P (64)

To calculate the payout ratio, we need income available to common share-

holders, and common dividends. Common dividends (DVC, #21) is available

for non-US companies. Income before extraordinary items (IBCOM, #237)

is not, and has to be calculated by subtracting preferred dividends (DVP,

#19) from the slightly different Income before extraordinary items available

to all shareholders (IB, #18). Following Bach and Christensen (2016), the

payout ratio is calculated as

DV C/IBCOM (65)

If IBCOM is negative, or if the current payout ratio is larger than 100%, we

32 Series names and item numbers: Preferred treausry stock: TSTP (#227); Preferred
dividends in arrears: DVPA (#242); Total treasury stock: TSTK (#88); Preferred
dividends: DVP (#19); Common equity: CEQ (#60)
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calculate the payout ratio by dividing DVC on 6% of total assets (#6). If

this also exceeds 100%, we windsorize the payout ratio at 100%. If common

dividends are zero in a particular valuation year, we assume a payout ratio

of 0. Having estimated net income, CSE at the valuation date (denoted bvt

in the valuation equations), and a payout ratio, we forecast future values of

CSE as

CSEt+τ = CSEt+τ−1 +NIt+τ −NIt+τ ∗ PayoutRatio (66)

The future book values of equity can now be used to calculate residual income

for years one through five.

rit+τ = NIt+τ − rt,t+τ−1 ∗ CSEt+τ−1 (67)

Please note that rt,t+τ−1 depends on the valuation framework applied, and

represents the cost of equity for the CAPM, and the forward rates implied by

the zero coupon term structure for the CCAPM and Epstein-Zin frameworks.

Finally, residual income returns are calculated as

RIRt,t+τ =
rit+τ
CSEt

for τ = 1, ..., 5 (68)

Note that the procedure above is only used for the first five forecasting years,

i.e. the explicit forecasting period. As explained in the first section of this

chapter, RIR is assumed to grow at a constant rate from τ = 6, ..., 12. If

RIR is positive in τ = 5, RIR grows at a constant rate g in this period. The

value of g depends on specific model assumptions, which will be revisited in

coming sections. If RIR is negative in τ = 5, we let RIR linearly revert to

zero in the intermediate period (τ = 6, ..., 12), so that RIRt,t+12 = 0. If this

is the case, continuing value will also equal zero.
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7.2.2 Estimating the Long Run Structural Level of RIR

As mentioned in the valuation framework sections, the risk-adjustments in

the CCAPM and Epstein-Zin require an estimation of the structural long run

level of RIR. More specifically, it requires the error terms from minimizing

the sum of squared errors in a first-order auto regression of RIR, as well as the

persistance parameter ωr. In addition to the estimation of covariances, we

use this mean reverting process to forecast RIR in the case that the company

in question does not have EPS- and/or LTG-forecasts. Contrary to Bach and

Christensen (2016), who exclude companies without EPS- and LTG-forecasts

from their analysis, we cannot afford to take this liberty. The reason is that,

especially in the beginning of the period we are analyzing, EPS- and LTG-

forecasts are scarce and often inconsistently reported (e.g. has EPS1MN,

but not EPS2MN or LTG). Excluding all companies without forecasts would

result in us only being able to perform valuations on a handful of companies.

As such, we fill in the lack EPS- and LTG-forecasts with a mean reverting

process of RIR. While Bach and Christensen do not follow this approach,

they mention it as an alternative to using analysts’ forecasts. Our choice is

further supported by Nissim and Penman (2001), who show strong evidence

of mean reverting processes in residual income for most firms and industries.

The first order autoregressive process can be described through

RIRt,t+τ −RIRS
t = ωr[RIRt,t+τ−1 −RIRS

t ] + εt+τ (69)

where RIRS
t is the long run structural level, ωr ∈ 〈−1, 1〉 is the persistance

parameter indicating the strength or speed of the mean reversion, and εt+τ

is the error term. We estimate the values of RIRS
t and ωr by minimizing

the sum of squared errors (ε2t+τ ). Like Bach and Christensen (2016), we

perform the autoregression at the industry level, with the industries being

determined by Fama and French’s 48 industry-classification, which sorts all
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SIC33-codes into one of 48 industries with common characteristics. The SIC-

codes are collected from Compustat, and are found using individual ISIN34-

codes for all companies that were at some point listed on the Norwegian

Stock Exchange during the analysis period. While we initially attempted

to do the mean reversion on Scandinavian companies, under the assumption

that they experience a similar competitive environment, the resulting sample

was simply too small to perform a meaningful analysis. For instance, several

industries ended up consisting of one or two companies, which we consider

inadequate for estimating an industry-wide long run structural level. As a

result, we instead performed the analysis on the US market, hereby assuming

that the competitive environment is comparable between Norway and the US.

Especially in more recent years, due to globalization, this does not seem like

an unreasonable assumption. The analysis is performed in each industry at

each valuation date, using seven prior years of data at each iteration. RIR

for each company is calculated using company financials from Compustat,

as well as one-year treasury yields from the FED database. Specifically, the

historical RIRs used to estimate the mean reversion process are calculated

first by calculating residual income in each year as

rit+τ = IBCOMt+τ (#237)− CSEt+τ−1 ∗ ιt+τ−1 for τ = −7, ...,−1 (70)

where IBCOM (#237) is collected directly from Compustat, CSE is calcu-

lated as CEQ(#60) + TSTP (#227)−DV PA(#242), and ι is the one-year

US treasury yield. Note that CSE can be calculated in accordance with Bach

and Christensen (2016) because the data exists for US companies. Next, RIR

for each valuation year is calculated as

RIRt,t+τ =
rit+τ
CSEt

for τ = −7, ...,−1 (71)

33 Standard Industry Classification. See Appendix C for a complete overview of all
companies’ SIC-codes and Fama French industry classifications

34 International Securities Identification Number
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In order to achieve a smooth time-series of the estimated long run structural

level, we eliminate outliers by removing RIR observations larger (smaller)

than 100% (-100%). In total, the process was used to estimate long run

levels and persistence parameters for 21 valuation years across the 33 (Fama-

French) industries represented on the Oslo Stock Exchange, using company

financials from 13550 American companies. Additionally, the resulting error

terms from the estimation was averaged in each year in each industry, and

was, along with the persistence parameters, used in the covariance calcula-

tions, which will be described in the next section. As a final note in this

section, we show the equation used to forecast RIR in the cases where EPS-

and/or LTG-estimates are not available:

RIRt,t+τ = RIRS
t + ωτr (RIRt −RIRS

t ) for τ = 1, .., 5 (72)

7.2.3 Estimating the Stochastic Risk Adjustment Terms for CCAPM

and Epstein-Zin

We will only make use of equations already introduced in the valuation frame-

works. The following will describe the estimation. In order to risk-adjust

future profitability of firms in these models, we need to estimate three co-

variance terms, where one is for the CCAPM and the other two are for the

Epstein-Zin framework. Starting with the CCAPM, we risk-adjust all future

cash flow with a time varying covariance term between the described residual

income returns innovations ε and the consumption index process innovations

δ. The consumption index is created from 1995 to 2016 by applying the

common relative risk aversion parameter γ = 2, aggregate consumption data

and nominal price indices through the relation

ct+τ = γln(ct+τ ) + ln(pt+τ ) (73)
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As outlined, we assume that these consumption indices follow a geometric

Brownian motion. By using seven prior years at each valuation date we

calculate residuals δ as

ct+τ − ct+τ−1 − κ = δt+τ for τ = −7, ...,−1 (74)

κ, i.e. the Brownian motion drift parameter, is estimated using solver at

each valuation date by minimizing the sum of residuals. These residuals are

compatible with the error terms ε from our residual income returns process.

By calculating the historical covariance between these two residuals, we get

industry specific covariances σrc
35 at each valuation date based on seven prior

years of estimation. In order to finalize the risk adjustment, we incorporate

the persistence parameter for each industry, ω. This creates the stochastic

time varying risk adjustment as

Covt[RIRt,t+τ , cit,t+τ ] = σrc
1− ωτr
1− ωr

for τ > t (75)

The Epstein-Zin framework requires two covariances. Both utilizes the ε

from the residual income process in creating the covariances. First, the con-

sumption growth process is identical to the estimation procedure of the con-

sumption index, only using logarithmic growth, i.e. continuous compounding

ln

(
ct+τ
ct

)
− κln(c) = φt+τ for τ = −7, ...,−1 (76)

As described in the valuation framework, we denote this process as gt,t+τ . The

same iteration procedure is applied to obtain the residuals across the seven

prior years to the valuation date. Again, by taking the covariances between

industry specific residuals ε and in this case φ, we obtain covariances at

35 Ignoring industry subscripts
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each valuation date for each industry. Using the industry-specific persistence

parameter, the stochastic time varying risk adjustment becomes

Covt[RIRt,t+τ , gt,t+τ ] = σrg
1− ωτr
1− ωr

(77)

Finally, the second risk adjustment in the Epstein-Zin framework utilizes the

optimal wealth portfolio. For consistency, we apply the MSCI ACWI as our

proxy for describing the return process. The return process is similar to the

consumption growth process. By using the continuously compounded one-

period return on the index, we iterate the growth parameter at each valuation

year and obtain a time series of residuals as

ln

(
Pt+τ
Pt

)
− κln(w) = θt+τ for τ = −7, ...,−1 (78)

Again, we apply the notation from the valuation framework as rWt,t+τ . Ap-

plying the same estimation structure as with the consumption processes we

obtain the stochastic time varying risk adjustment as

Covt[RIRt,t+τ , r
W
t,t+τ ] = σrw

1− ωτr
1− ωr

(79)

The three different risk adjustment terms are applied in their respective val-

uation equations. As evident from the valuation equations, they are adjusted

for the constants of relative risk aversion γ (CCAPM and Epstein-Zin) and

intertemporal substitution ψ (Epstein-Zin).
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7.2.4 Estimating Beta-Values for the CAPM

In the CAPM-framework, the beta determines the relative size of the cost

of equity. We estimate individual betas for each company at each valuation

date, and, as mentioned in the discounting section, we use MSCI ACWI as

the market portfolio proxy. Beta is estimated by regressing excess returns

of the stock against excess returns of the index. Because the MSCI ACWI

is denominated in US Dollars, and because there does not exist a European

convergence rate for short term maturities, we use the LIBOR in US Dollars,

collected from the Federal Reserve Bank of St. Louis (FRED), for calculating

excess returns. The actual beta estimation process is another area in which

our approach differs from that of Bach and Christensen (2016), again as a

result of our relatively small sample size. Whereas they estimate betas using

36 to 60 monthly stock price observations, we use 52 to 260 weekly stock

price observations.

The reason for this decision is that most of the companies in our sample, i.e.

the companies that were listed on the Oslo Stock Exchange at some point

during our analysis period, had their public offerings within this very pe-

riod. Therefore, by estimating betas with at least 36 monthly observations,

we cannot perform valuations on companies until minimum three years af-

ter these companies were listed. This would severely limit the sample size

in many of the earlier years of our analysis period. We first attempted to

reduce the minimum limit to 12 monthly observations. However, this largely

yielded strange and inconsistent first- and second-year betas, compared to

their values in later years when the estimation was based on more observa-

tions. The issue of estimating betas with few observations is discussed in

Koller, Goedhart and Wessels (2015). They suggest using at least 60 data

points. However, they also suggest using monthly observations rather than

weekly or daily observations, arguing that betas estimated using weekly or

daily observations can lead to estimation biases. As such, in order to not fur-
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ther reduce our sample size, we were forced to make a decision to estimate

betas using either 12 to 60 monthly stock price observations, or 52 to 260

weekly observations. The table below shows some comparative descriptive

statistics from the two iterations.

Table 1: Beta Estimation: Comparing Descriptive Statistics

12-60 MONTHLY
OBSERVATIONS

52-260 WEEKLY
OBSERVATIONS

Date
Number
of betas

Number of
negative betas

Average beta
(equally
weighted)

Betas >2
Number
of betas

Number of
negative betas

Average beta
(equally
weighted)

Betas >2

30.04.1996 44 4 0.82 2 45 7 0.43 0

30.04.1997 51 5 0.88 2 51 5 0.45 0

30.04.1998 57 7 0.49 1 57 7 0.58 2

30.04.1999 72 9 0.67 3 72 6 0.65 0

28.04.2000 81 18 0.47 1 81 8 0.52 0

30.04.2001 84 14 0.54 1 84 6 0.46 0

30.04.2002 90 14 0.67 4 90 8 0.48 0

30.04.2003 97 14 0.83 13 97 13 0.45 0

30.04.2004 99 7 0.97 12 99 8 0.45 0

29.04.2005 104 4 1.10 15 104 9 0.50 1

28.04.2006 112 7 1.26 23 112 10 0.63 2

30.04.2007 132 7 1.26 26 132 5 0.69 3

30.04.2008 154 7 1.27 22 154 6 0.77 2

30.04.2009 169 5 1.03 12 169 4 0.87 9

30.04.2010 173 5 0.96 10 173 6 0.83 7

29.04.2011 177 3 0.91 9 177 3 0.84 7

30.04.2012 188 4 0.94 9 189 5 0.87 8

30.04.2013 191 4 0.94 9 191 4 0.87 8

30.04.2014 195 8 0.85 12 195 9 0.79 5

30.04.2015 206 14 0.90 12 206 5 0.80 7

29.04.2016 221 20 0.86 16 221 6 0.75 5

Total 2697 180 0.92 214 2699 140 0.71 66

After analyzing the results using both approaches, we decide to use the beta

estimates formed by weekly observations. There are a few reasons behind

this decision. The first is the already mentioned fact that first- and second-

year betas appear to be highly inconsistent compared to betas estimated on

longer periods of data for the same company. For instance, using monthly ob-
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servations, we might estimate a beta of 2.5 in the first year, 1.5 in the second

year, and around 0.8 for the remaining years. Second, the number of neg-

ative betas decrease using weekly observations rather than monthly. Third,

the number of very large beta estimates significantly decrease, in which very

large betas are defined as > 2. Fourth, and closely related to the reason just

mentioned, the unweighted average beta decreases using weekly observations

rather than monthly. We consider this an argument for choosing the weekly

betas because, on a global scale, one would expect the Norwegian stock mar-

ket to inhabit relatively less systematic risk than the global market portfolio.

That being said, we also acknowledge that this could be a systematic bias, as

suggested by Koller, Goedhart and Wessels (2015). Still, based on the sum

of the arguments, we believe that the weekly observations provide the most

reliable beta estimates.
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8 Altering the Model Assumptions

In this chapter we alter different aspects of the model assumptions, which are

mutual across valuation frameworks, in an attempt to optimize the valuation

accuracy. The motivation behind this is to reach the best possible iterations

of all valuation frameworks, which is done in order to lay the best founda-

tion for answering our research questions, and ultimately reach a conclusion.

We measure the valuation accuracy by comparing the fundamental value of

each company, which is estimated in our valuations, to the observed market

price at the valuation date. Throughout the chapter, we impose different

restrictions on our results in an attempt to remove outliers. Additionally,

we alter the growth rate assumptions for the intermediate period, as well

as for the continuing value calculation. We rely on two metrics to calculate

comparative statistics. These metrics are valuation error (VE) and absolute

valuation error (AVE), and are calculated as

P − V
P

and
|P − V |

P
(80)

respectively, with P representing the observed price per share and V repre-

senting the estimated value per share. Note that we windsorize all valuations

resulting in negative values of equity to a price per share of 0, which results

in a VE and AVE of 1.
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8.1 Preliminary Valuation Results

Table 2 shows the mean, median and standard deviation of the valuation

errors and absolute valuation errors of the unconstrained valuation models

with a 3% growth assumption.

Table 2: Preliminary Valuation Results

Valuation Error Absolute Valuation Error

Mean Median St. Dev Mean Median St. Dev
CAPM 3 -97.62 -0.73 3588.00 98.04 1.00 3587.99
CCAPM 3 -1575.38 -2.51 66777.80 1575.74 2.51 66777.79
EZ 3 -1579.43 -2.62 66862.05 1579.77 2.62 66862.04

Whereas the median valuation errors and median absolute valuation errors

are within what could be considered reasonable limits, the mean and standard

deviations most certainly are not. Even the CAPM, which by far has the

lowest mean and standard deviation of the unconstrained models, resulted

in a mean AVE of nearly 10.000%, clearly indicating that there are massive

outliers in our data. This turns out not to be due to lack of data and the

subsequent use of industry mean reversion as a replacement, as one might

expect, but rather due to the consensus data most likely being erroneous.

For instance, the one- and two-year EPS forecasts for Petrolia in 1999 are

NOK 1792 and 12545, which compared to its actual share price of NOK 10,6

at the valuation date naturally lead to a massive discrepancy between the

estimated and observed share price, and thus also to very large valuation

errors. Unfortunately, this discrepancy between earnings per share estimates

and the actual share price at the date of the estimate, which we believe are

data recording errors rather than analyst errors, are the rule for our data

rather than the exception. In fact, basing our valuations purely on industry

mean reversion by eliminating all EPS forecasts drastically improves our

valuation results, most notably by reducing the mean and standard deviations
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Table 3: Comparison of Results With and Without EPS- and LTG-forecasts

Valuation Error Absolute Valuation Error

Mean Median St. Dev Mean Median St. Dev
CAPM 3 -97.62 -0.73 3588.00 98.04 1.00 3587.99
CAPM NEPS 3 -5.49 -0.34 76.62 5.97 0.85 76.59

CCAPM 3 -1575.38 -2.51 66777.80 1575.74 2.51 66777.79
CCAPM NEPS 3 -5.88 -1.19 39.82 6.29 1.19 39.75

EZ 3 -1579.43 -2.62 66862.05 1579.77 2.62 66862.04
EZ NEPS 3 -5.93 -1.23 39.80 6.33 1.23 39.74

of the results. This is clearly shown in table 3 below, which shows the

exact same models with identical assumptions, the only difference being the

implementation of I/B/E/S forecasts.

8.2 Results After Removing EPS- and LTG-Forecasts

All models that exclude the EPS- and LTG-forecasts from the valuations

are labelled NEPS in Table 3. This highlights an area in which our anal-

ysis clearly departs from that of Bach and Christensen (2016). Whereas

their analysis excludes all companies without EPS forecasts, our analysis is

seemingly strengthened by excluding all EPS forecasts. However, even by

excluding EPS forecasts and hereby sharply reducing valuation error fluctu-

ations, our results are significantly less appealing than theirs in terms of all

model parameters. Unfortunately, this problem will persist throughout the

analysis. That being said, there are further constraints and assumptions that

will assist in making our results comparable to other studies, and that will

allow us to infer somewhat meaningful results without sacrificing too many

observations in the process.

The first step will be to further remove outliers from our sample. While Bach
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and Christensen (2016) do not windsorize valuation errors, but rather treat

them as actual valuation errors, Nekrasov and Shroff (2009) do windsorize

valuation errors at 100% in order to mitigate outliers. Our approach falls

somewhere in between, as we remove outliers at the 500% mark. This is

done both in order to allow for a relatively large range of valuation results,

and also in order to not completely obliterate our sample.

8.3 Results After Screening Outliers

Table 4 shows the results from all three models with and without EPS esti-

mates (NEPS indicates No EPS), still with the 3% growth assumption (de-

moninated by the number 3), where all valuation errors smaller than -500%

are eliminated (labelled M500%).

Table 4: Valuation Results After Screening Outliers at 500% VE

Valuation Error Absolute Valuation Error

Mean Median St. Dev Mean Median St. Dev
CAPM 3 M500% -0.62 -0.21 1.46 1.14 0.82 1.10
CAPM NEPS 3 M500% -0.46 -0.05 1.38 1.03 0.71 1.03

CCAPM 3 M500% -0.87 -0.43 1.70 1.45 1.00 1.25
CCAPM NEPS 3 M500% -0.72 -0.26 1.58 1.28 0.92 1.17

EZ 3 M500% -0.90 -0.49 1.70 1.45 1.00 1.26
EZ NEPS 3 M500% -0.74 -0.29 1.57 1.28 0.91 1.17

Obviously, this makes an impact on the amount of observations that are

allowed in forming our valuation results, but the effect is not destructive.

Specifically, the lowest number of valuations, which occur in 1996, are only

reduced from 38 observations to 36 observations. In more severe cases how-

ever, such as in 2009, the total number of valuations performed is reduced by

52, bringing the total number of observations in that year down to 105. Al-

though far from optimal, we consider this trade-off as justifiable in the sense
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that it seems preferable to base our conclusions on 105 informative observa-

tions rather than to not be able to make any inference based on valuation

results from 157 untrustworthy observations. The impact on the number of

observations by making the -500% VE-constraint is shown in the figure be-

low, which displays the total number of valuations in each year before and

after adding the constraint.

Figure 4: Number of Observations Before and After Screening at the 500%
Mark

As seen, the effect on the number of observations is highly visible, but not

obliterating. Going back to Table 4, it is seen that the valuation results are

finally beginning to become comparable to those of Bach and Christensen

(2016). Specifically, the median AVE, which we use as our main accuracy

measure, is beginning to become comparable in the sense that at this point,

four of the six iterations produce median AVE’s below 100%, and in the

case of the CAPM model without EPS estimates and with the observation

constraint, the median AVE is at 70%. Similarly, mean values and standard
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deviations are also within what can be considered a reasonable range. More

interestingly, however, is the fact that all iterations of all three models pro-

duce negative mean VE’s. As the formula used for calculating VE is (P-V)/P,

this indicates that all iterations of all models on average result in valuation

estimates larger than the observed share price at the time of valuation. In

other words, all current iterations of the valuation frameworks on average

could imply that the stocks on the Oslo Stock Exchange are undervalued.

8.4 Altering the Growth Rate Assumption

An important property of all current model iterations to note at this point

is the 3% growth assumption. Not only does RIR grow by 3% in the in-

termediate period from t=6 to t=12, it also grows by the same amount in

the calculation of continuing value. This assumption is based on standard

practice in tests of valuation frameworks (see Bach and Christensen (2016),

Nekrasov and Shroff (2009), Jørgensen et al. (2011)), but it does have some

troubling implications. Specifically, in terms of continuing value, a constant

positive growth rate assumption implies that the company in question will

earn residual income indefinitely. This goes against classical microeconomic

theory, in which the force of competition over time is expected to exhaust

any possibilities of abnormal profits. In other words, according to classical

microeconomic theory, if based on a correct rate of return, any instance of

positive residual income should revert to zero over time. Combined with

the fact that all the current iterations of the models on average may imply

an undervalued stock market, it seems likely that the 3% RIR growth as-

sumption is wrong in that it overestimates the potential profitability of these

companies. This problem is also discussed briefly in Bach and Christensen

(2016), and it leads to them relaxing this assumption by estimating a number

of different growth rates. They do this by treating the valuation results as

an optimizing problem, in which the goal is to reach a median AVE of zero
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by altering the growth rates. Specifically, they perform two optimizations

for the best-performing CAPM-model and two optimizations for the best-

performing CCAPM-model. For both models, the first optimization involves

reaching a median AVE of 0 across all years by estimating a common growth

rate used in all valuations across all years. Also for both models, the second

optimization involves reaching a median AVE of 0 in each valuation year by

estimating individual growth rates in each valuation year. Based on our own

results, we apply the same idea in order to reach more accurate valuation

results by allowing for more model flexibility.

8.4.1 Practical Issues With the Optimization Process

Bach and Christensen (2016) do not detail the software used to estimate

these growth rates. Due to the nature of the optimization problem, it is

highly unlikely that the optimizations were conducted in Excel. The reason

for this statement is the fact that the optimization problems are both piece-

wise and nonlinear, which are two attributes that Excel does not handle well.

This is because while Excel usually has no problem with linear optimization

problems that converges on specific values, it does have huge problems with

nonlinear and piecewise functions because of the fact that it is programmed

to accept local optima without searching for other local optima in order to be

computationally efficient across different hardware. Stated in more practical

terms, the solutions of nonlinear piecewise optimization problems in Excel

are highly contingent on starting values for the variable parameters. Fur-

thermore, due to the piecewise characteristics of the optimization problems

in question, Excel does not identify any convergence. For instance, changing

the growth rate may entail that the growth rate for the continuing value

exceeds the discount rate, which entails that the demoninator-constriant in

our continuing value calculation, which was described in our methodology

chapter, comes into effect. The combined effect of this is that a change in
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growth rate assumptions does not lead to a proportional change in valuation

errors, but rather to a new independent point possibly completely unrelated

to points with similar, but not equal growth rates. In conclusion, Excel is not

an ideal tool for solving complex optimization problems, which is why ex-

ternal hardware resources such as Neos-Server have emerged. Unfortunately,

due to the complex relationship between the input and the output, namely

the growth rates and the price per share, we could not find a way to utilize

these external hardware services in a satisfactory manner, and as a result,

we see no other option than to apply Excel.

8.4.2 Implications of Optimizing in Excel

This leads to two further implications for our results. First, and most obvi-

ous, we do not completely trust the estimates produces by the Excel Solver.

As a result of the aforementioned limitations of Excel, we cannot solve for

a median AVE of 0, as Excel has no way of recognizing a pattern in the

problem which would allow for a convergence. Any solution from Excel that

results in a median AVE of 0 would be pure coincidence, in the sense that

the starting value allowed Excel to randomly try values in the area that

produces this result. In all our applications of this goal, Excel cannot find a

solution. In addition to leading us to be aware that the results are contingent

on the starting values and thus to not completely trust the estimates, this

also entails that we have to change the optimization problem from reaching

a median AVE of 0 to minimizing median AVE. This leads to the second

implication, which is a consequence of changing the optimization problem

from trying to reach a value of zero to a minimization problem. Because of

the non-converging nature of the problem, the Excel Solver will try what in

practical terms must be considered unreasonable values of the growth rate.

For instance, the Solver has no issue with trying growth rates of negative sev-

eral thousand percent. The second implication, therefore, is the fact that we

86



have to impose constraints on the growth rates. We set these constraints at

+-20%. We consider growth rates within this limit as reasonable in practical

terms. This leads us back to the first implication, which is that the esti-

mates produced by the Excel Solver are local optima, and thus very sensitive

to the starting values of the variable parameters. We attempt to mitigate

this by performing several optimizations on the same problems with different

starting values, and using the results that produce the best result in terms

of median AVE across different starting values.

8.5 Valuation Results Under Different Growth Rate

Assumptions

With these limitations and implications considered, we perform two optimiza-

tions per valuation model with and without EPS estimates and the -500%

median VE constraint, resulting in 24 additional valuation model estimates.

In nearly all optimizations, the resulting growth rate was negative in the

range between -10% and -20%. Naturally, the purpose of most of these mod-

els are purely to illustrate the impact of different growth rate assumptions

(such as the unconstrained models CAPM/CCAPM/EZ C and V), while the

purpose of some of these models are to make the best-performing results to

utilize in the upcoming analysis. The complete overview of all iterations of

all valuation models are shown in Table 5 below.

At this point, it seems appropriate to repeat the labels indicating the assump-

tions of the different iterations. The number 3 in the model name indicates

that the model uses the 3% growth rate assumption. If the number 3 is

replaced by C, it means that the model uses a constant growth rate across

all valuation years, estimated through minimizing the Median AVE across

all years. Similarly, the letter V means that the model uses a growth rate

that is unique at each valuation year, which is estimated by minimizing the
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Table 5: All Valuation Results

Valuation Error Absolute Valuation Error

Mean Median Stdev Mean Median Stdev
CAPM 3 -97.62 -0.73 3588.00 98.04 1.00 3587.99
CAPM V -72.66 -0.18 2904.90 73.15 0.73 2904.89
CAPM C -36.72 0.00 1242.56 37.25 0.66 1242.55
CAPM 3 M500% -0.62 -0.21 1.46 1.14 0.82 1.10
CAPM V M500% -0.28 0.08 1.19 0.85 0.60 0.87
CAPM C M500% -0.28 0.09 1.20 0.85 0.60 0.89
CAPM NEPS 3 -5.49 -0.34 76.62 5.97 0.85 76.59
CAPM NEPS V -1.21 0.00 11.11 1.77 0.67 11.03
CAPM NEPS C -1.11 0.04 10.50 1.67 0.67 10.42
CAPM NEPS 3 M500% -0.46 -0.05 1.38 1.03 0.71 1.03
CAPM NEPS V M500% -0.20 0.16 1.13 0.82 0.61 0.81
CAPM NEPS C M500% -0.21 0.16 1.16 0.83 0.62 0.83

CCAPM 3 -1575.38 -2.51 66777.80 1575.74 2.51 66777.79
CCAPM V -77.11 -0.30 2920.19 77.58 0.79 2920.18
CCAPM C -76.97 -0.24 2920.19 77.45 0.76 2920.18
CCAPM 3 M500% -0.87 -0.43 1.70 1.45 1.00 1.25
CCAPM V M500% -0.40 -0.10 1.25 0.93 0.67 0.93
CCAPM C M500% -0.40 -0.09 1.26 0.93 0.67 0.93
CCAPM NEPS 3 -5.88 -1.19 39.82 6.29 1.19 39.75
CCAPM NEPS V -1.31 -0.09 11.63 1.87 0.74 11.55
CCAPM NEPS C -0.96 0.10 11.48 1.57 0.66 11.42
CCAPM NEPS 3 M500% -0.72 -0.26 1.58 1.28 0.92 1.17
CCAPM NEPS V M500% -0.20 0.15 1.16 0.84 0.64 0.83
CCAPM NEPS C M500% -0.21 0.15 1.17 0.85 0.64 0.84

EZ 3 -1579.43 -2.62 66862.05 1579.77 2.62 66862.04
EZ V -479.62 -0.35 22497.05 480.06 0.82 22497.04
EZ C -77.34 -0.25 2930.87 77.80 0.74 2930.86
EZ 3 M500% -0.90 -0.49 1.70 1.45 1.00 1.26
EZ V M500% -0.42 -0.11 1.25 0.93 0.65 0.94
EZ C M500% -0.42 -0.11 1.25 0.93 0.65 0.94
EZ NEPS 3 -5.93 -1.23 39.80 6.33 1.23 39.74
EZ NEPS V -1.80 -0.09 16.53 2.34 0.72 16.46
EZ NEPS C -0.96 0.09 11.42 1.55 0.65 11.35
EZ NEPS 3 M500% -0.74 -0.29 1.57 1.28 0.91 1.17
EZ NEPS V M500% -0.22 0.15 1.16 0.84 0.62 0.83
EZ NEPS C M500% -0.22 0.14 1.16 0.84 0.62 0.83
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median AVE in the valuation year in question. NEPS stands for No EPS,

which means that NEPS-models do not utilize EPS forecasts, whereas mod-

els without ”NEPS” do utilize EPS forecasts. Lastly, M500% indicates that

the model screens and eliminates observations in which the VE is smaller

than -500%.

As seen in table 5, imposing different limitations go a long way in improving

our valuation results. It should also be noted that the limitations in question

are neither unreasonable nor uncommon in the context of other similar pa-

pers. For example, Bach and Christensen (2016) both windsorizes negative

valuations, as well as adjust the growth rate assumptions, and Nekrasov and

Shroff (2009) eliminates all companies that produce valuation errors greater

than -100%. Furthermore, Bach and Christensen (2016) eliminates a very

large number of observations before even analyzing the data, for instance

by removing all observations that do not have EPS forecasts, and requiring

three years of stock price data for beta calculations. Due to the nature of

our sample, in the sense that our potential data amount is severely limited

compared to studies performed on the US stock market, it makes more sense

to impose the limits retroactively in order to quantify the usefulness of the

constraints.
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9 Comparing the Valuation Accuracy Across

Valuation Frameworks

At this point, the valuation results from the best performing model itera-

tions are comparable to other studies. Across the different models, the most

successful iterations produce median AVEs of between 60% and 64%. These

are the CAPM/CCAPM/EZ V M500% and CAPM/CCAPM/EZ NEPS V

M500%-models. Going forward, we will only focus on the results from these

models.

9.1 Similarities In Actual Risk-Adjustments

It is interesting to note that in practical terms, the results are almost identical

across the different valuation frameworks. There could be several explana-

tions behind this result. First of all, our sample is, compared to other similar

studies, very small. All things being equal, a smaller sample size allows for

larger discrepancies between estimated values and ”actual” values. In other

words, a small sample could, just on account on the sample being small,

produce very fluctuating deviations from its ”true” values. Second, the ob-

served similarities could be a consequence of the characteristics of the chosen

sample. In particular, by testing the Norwegian stock market, we implicitly

perform an analysis in a ”low-beta environment”. As mentioned in the beta

estimation section, our average unweighted betas based on weekly observa-

tions range from 0.43 to 0.87, which compared to studies conducted on the

American stock market implies that we on average observe lower costs of eq-

uity. Relatively speaking, lower betas and hence lower costs of equity leads to

a lower compounding of potential erroneous risk adjustments, which in turn

reduces the effect of discounting future RIRs, which in itself closes the gap

between the risk adjustment methodology that separates the CCAPM/EZ-
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models from the CAPM-model. Furthermore, the relatively lower costs of

equity lead to the denominator in the continuing value calculation being

windsorized more frequently, as explained in the methodology chapter. A

third possible explanation could be that the consumption data and the mar-

ket portfolio are inherently based on the same expectations, or rather, contain

the same information, which leads to comparable risk adjustments across all

valuation frameworks.

Figure 5: Average Risk Adjustment Parameters in the CAPM

Figure 5 above and figure 6 below, which show the average risk adjustment

parameters across companies for CAPM and across industries for CCAPM

and EZ, seem to agree with these points. For CAPM, we see that although the

average cost of equity is relatively large in all years, the actual risk premium is

very small in the first half of the analysis period. In other words, across many

years, the discounting in the CAPM-models appears to be mostly driven by

the risk free rate. Looking at the risk adjustment parameters in figure 6,

we see that the average risk adjustments are very small across all years, and

even slightly negative in some years. Note that figure 6 does not show the
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Figure 6: Average Risk Adjustment(s) in the CCAPM and EZ

zero coupon term structures, which are used to discount for time risk in the

CCAPM and EZ frameworks, and which is comparable to the risk free rate in

the cost of equity calculation. Comparing these results, we see that the total

discounting is in fact comparable across the different valuation frameworks.

Regardless, it is interesting to observe that our preliminary results do not

favor the CCAPM-based models in the same degree that Bach and Chris-

tensen’s results do. In fact, our results marginally favours the CAPM-based

model in terms of median AVE. We do by no means consider this grounds for

making any conclusions, not only because the difference is negligibly small,

but also because of the optimization process that in part underline the re-

sults in terms of the growth rate estimations. That being said, apart from the

fact that all the models with certain constraints and assumptions produce

somewhat promising results, there are other interesting points to make. First,

the CAPM models with EPS estimates and outlier-screening produce slightly

better results than their equivalent NEPS iterations. Although this is not the
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case for the CCAPM/EZ-models, it could imply that conducting the analy-

sis with ”better” EPS estimates would produce better overall results. This

makes sense, as analysts’ EPS estimates should be expected to contain more

idiosyncratic information about the the company in question than a gener-

alized industry-wide mean reversion process. Second, the C-models produce

very similar results to that of the V-models. This may seem like an odd re-

sult, in the sense that the V-models inherently allow more flexibility, but can

be explained by the growth rate optimizations, as the Solver in almost all it-

erations estimated growth rates between -10% and -20%. Third, our median

AVE’s appear to converge at around 60%, which although comparable, are

decisively worse than the results in Bach and Christensen (2016), in which

their best-performing iterations revolve around a median AVE of about 30%.

Even though this could be because the US stock market was more efficient

during the analysis period, we suspect that a more likely explanation is our

sample’s lack of believable EPS estimates.

9.2 Potential Issues With Forecasting RIR Based On

Mean Reverting Processes

A fourth explanation for the convergence of median AVEs across valuation

frameworks could be the assumption of mean reverting processes. As men-

tioned in the mean reversion section, the screening of RIRs at 100% resulted

in a smooth time-series of long run structural RIR levels on an industry basis.

While being an expected result due to the implied nature of a long run struc-

tural level, the smoothness of the results may act as a buffer against any sort

of idiosyncrasies in our valuations. This is especially true if the estimated

long run levels are relatively small, and even more so if the estimated persis-

tence is weak. The reason is that forecasting based on such parameters would

quickly revert the forecasted RIRs to the relatively low structural level, and

as such, the impact of any differences in the relative size of risk-adjustments
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would be relatively smaller. For instance, risk-adjusting a forecasted RIR of

5% with risk-adjustments of different sizes will in absolute terms be smaller

than risk-adjusting a forecasted RIR of 30%. In other words, basing RIR

forecasting on mean reversion might under some circumstances indirectly

undermine the impact of any differences in risk-adjustments. Indeed, this

does appear to be the case at least for certain industries, as shown in figure

7 below, which illustrates the average long run structural level of residual

income returns in each year across industries on the left Y-axis, and the av-

erage persistence parameter in each year across industries in the right Y-axis.

For the record, the figure below is for illustrative purposes, as we do not use

the average mean reversion estimates across industries to forecast RIR, but

rather industry-specific mean reversion estimates.

Figure 7: Average Estimated Structural Level and Persistence Across Indus-
tries

Note that in several years, the estimated average RIR is negative. While a

negative long run structural level based on an unweighted estimation does

make sense in certain industries, e.g. industries characterized by high risks

and high returns in which only a handful of companies operate successfully,

seeing this average result across industries might be misleading for valuation

purposes. Also note the relatively weak persistence that on average is present
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in most years. Remembering the formula for forecasting RIR based on the

mean reverting process, a persistence of about 0.5 leads to a relatively rapid

reversion towards the estimated long run level. Although this phenomenon

applies regardless of the starting value of RIR, only positive RIRs are severely

hampered in the cases where the estimated structural level is low. This is

because of the forecasting assumptions, which are equal across frameworks,

in that negative values of RIR in τ = 5 leads to a linear reversion to zero in

τ = 6, . . . , 12. Thus, if the estimated structural level is sufficiently negative in

a given industry in a given valuation year, both a company with a relatively

large starting value of RIR and a company with a relatively large negative

starting value of RIR will have negative RIRs in τ = 5, leading to a continuing

value of zero in both cases.36 Although industry analyses by design on average

should provide useful estimates, the aforementioned example does beg the

question whether “good” EPS- and LTG-estimates would have provided the

same answer. This question seems especially interesting when analyzing a

sample consisting of so few companies, where using the term average is not

equivalent to using it on for instance the US stock market, which consists of

thousands of companies.

9.3 Summarizing the Comparison of Valuation Accu-

racy

In conclusion, while we do find the valuation accuracy of the different valua-

tion frameworks somewhat satisfactory when compared to similar examina-

tions, we argue that the differences between the frameworks are simply too

small to form any strong evidence as to which framework outperforms the

others. As discussed in the previous sections, there could be several explana-

36 Very small negative values are can in this case be considered “sufficiently negative”.
For instance, a company with a starting RIR of 30%, a long run level of -1% and a
persistence parameter of 0.5 yields a forecasted RIR in τ = 5 of -0.003%
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tions as to why we observe these similarities across frameworks. In any case,

we conclude that in terms of valuation accuracy, the analysis cannot provide

a clear answer as to which valuation framework is empirically superior when

applied on the Norwegian stock market during the years 1996 to 2016.
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10 Comparing the Models’ Abilities to Iden-

tify Over- and Undervalued Stocks

In this chapter, we compare the models’ abilities to predict movements in

the Norwegian stock market, and test to what extent the models’ are able

to capture expectations of future profitability. This is done by creating buy-

and sell-portfolios based on the valuation error generated by the valuations of

each company. Because of or relatively smaller sample size, our approach for

classifying companies as buy or sell departs from the standard method (Bach

and Christensen, 2016). Whereas, for instance, Bach and Christensen (2016)

place companies into buy- and sell-portfolios based on where the company in

question ranks in terms of percentile valuation error, our approach is more

dynamic. The standard approach, according to Bach and Christensen, is to

classify the 30% with the largest negative valuation error (indicating under-

valued stocks) as buy-companies, the mid 40% as hold-companies, and the

30% with the largest positive valuation error (indicating overvalued stocks)

as sell-companies. We do not follow this approach, on the grounds that our

small sample-size potentially would lead to contradicting classifications of

companies in terms of labelling companies with negative valuation errors as

sell-companies, and vice versa, which would mean that we do not take the

actual valuation results into account. Our approach is therefore to categorize

companies with valuation errors <-10% (indicating undervalued stocks) as

buy-companies, and companies with valuations errors >10% (indicating over-

valued stocks) as sell-companies. Companies with valuation errors between

-10% and 10% are disregarded.

The portfolios are created at each valuation date, and each portfolio is tracked

for five subsequent years, with the geometric average return measuring the

portfolios’ performance.
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The geometric average return is calculated as

(
Pt+τ
Pt

)1

τ − 1 (81)

in which P is the adjusted stock price collected from Datastream. This

enables us to calculate the average geometric returns for all portfolios formed

at each valuation date from one year ahead to five years ahead. These average

values are then used to calculate a cross-sectional arithmetic average of the

geometric average returns for one year ahead to five years ahead. These cross-

sectional averages form the basis for comparison across valuation frameworks.

Table 6: Average One- to Five Years Ahead Returns

CAPM V M500% CCAPM V M500% EZ V M500%

Years ahead Buy Sell Buy Sell Buy Sell

1 10.7 % -18.6 % 11.7 % -19.1 % 11.6 % -19.1 %
2 4.1 % -8.8 % 4.8 % -8.6 % 4.0 % -7.9 %
3 2.2 % -4.4 % 2.3 % -4.2 % 0.4 % -1.9 %
4 1.2 % -2.4 % 1.4 % -2.1 % 1.1 % -2.1 %
5 0.8 % -1.8 % 1.0 % -1.7 % 0.7 % -1.3 %

CAPM NEPS V M500% CCAPM NEPS V M500% EZ NEPS V M500%

Years ahead Buy Sell Buy Sell Buy Sell

1 8.8 % -17.4 % 10.1 % -16.9 % 9.9 % -17.1 %
2 3.1 % -5.8 % 3.6 % -5.5 % 3.5 % -5.6 %
3 1.4 % -1.2 % 1.5 % -1.0 % 1.3 % -1.1 %
4 0.6 % 1.2 % 0.7 % 1.3 % 0.5 % 1.1 %
5 0.3 % 2.1 % 0.6 % 2.3 % 0.4 % 2.1 %

Entire sample Entire sample

Years ahead 1996-2016 1997-2006 2007-2016

1 11.1% 28% 3.4%
2 2.6% 13.6% -2.1%
3 -0.5% 6.7% -3.2%
4 -2.2% 0.6% -3.1%
5 -3% -0.8% -3.6%

The table above shows the cross-sectional average returns for different hold-

ing periods for the different models, as well as for the entire sample. Please
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note that we calculate the return on the sell portfolios as -1 times the aver-

age return, indicating that we assuming a short position in the sell-portfolio.

A positive return for a sell-portfolio thus means that shorting the portfolio

leads to a positive return, and vice versa. In terms of the models’ abilities to

correctly predict future stock price movements, the results are somewhat in-

consistent. Although all models are able to predict profitable buy-portfolios,

they show little to no ability to predict profitable sell-portfolios. In fact, in

many cases the positive returns from the buy-portfolios are offset by even

larger negative returns from the sell-portfolios. Additionally, we see that the

results are largely the same across the models with the same assumptions.

These two observations will be discussed in greater detail in the upcoming

sections. Before moving on to this, we find it appropriate to comment on

an odd result in the returns of the buy- and sell-portfolios, as well as in the

entire sample. This odd result relates to the fact that the cross-sectional

average returns for the buy- and sell-portfolios appear to symmetrically con-

verge towards zero at the end of the five year holding period. Considering

that the Oslo Stock Exchange has seen positive returns over the course of

the analysis period, one would expect both the portfolio-returns, as well as

the entire sample, to similarly show positive returns for the five-year holding

period, and not only in the shorter holding periods. However, as the table

shows, this is not the case. The only plausible explanation we can offer to

this seemingly inconsistent result, is the fact that all our return-calculations

are unweighted averages. As such, we attribute the convergence towards zero

to random chance, and that it occurs simply because the unweighted cross-

sectional average of five-year ahead geometric average returns of the analysis

period happens to be slightly negative. We refer the reader to appendix E

for an overview of the return calculations with an example.
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10.1 Buy Versus Sell Inconsistency

Table 7 below shows excess returns rather than absolute returns. Excess

returns are calculated against the average returns of our entire sample, which

are shown in the previous table. The most obvious result in the excess

returns table is probably the models’ mutual lack of ability to predict negative

movements in stock prices, while at the same time consistently generating

an excess return on the buy portfolios across all valuation frameworks. At

first sight, this seems like an odd result.

Table 7: Average One- to Five Years Ahead Excess Returns

CAPM V M500% CCAPM V M500% EZ V M500%

Years ahead Buy Sell Buy Sell Buy Sell

1 -0.4 % -29.7 % 0.6 % -30.2 % 0.5 % -30.2 %
2 1.6 % -11.4 % 2.2 % -11.2 % 1.4 % -10.5 %
3 2.7 % -3.9 % 2.7 % -3.8 % 0.9 % -1.4 %
4 3.4 % -0.3 % 3.6 % 0.0 % 3.3 % 0.0 %
5 3.7 % 1.2 % 4.0 % 1.2 % 3.7 % 1.7 %

CAPM NEPS V M500% CCAPM NEPS V M500% EZ NEPS V M500%

Years ahead Buy Sell Buy Sell Buy Sell

1 -2.2 % -28.4 % -1.0 % -28.0 % -1.2 % -28.2 %
2 0.5 % -8.3 % 1.0 % -8.0 % 0.9 % -8.2 %
3 1.9 % -0.8 % 2.0 % -0.5 % 1.8 % -0.6 %
4 2.8 % 3.3 % 2.9 % 3.5 % 2.7 % 3.3 %
5 3.3 % 5.1 % 3.6 % 5.3 % 3.4 % 5.1 %

However, there could be several explanations behind this phenomenon. First,

even in the EPS models, we are largely basing the forecasting of RIR on the

industry-wide mean reverting processes. As outlined in the previous section,

this comes at a cost, due to the on average relatively low long term structural

levels and persistence parameters. Restating the argument from the previ-

ous section, depending on mean reversion for RIR forecasting will on average

remove most of the idiosyncrasies of the companies, and more importantly

penalize otherwise profitable companies. Thus, in some cases, the mean re-

verting processes may lead not only to what could be considered inaccurate

forecasts of RIR for the individual companies, but also to an industry-wide
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undervaluation. Consider, as in the previous section, an example in which an

industry has an estimated negative long run average structural level of RIR.

If this level is also sufficiently negative, but contrary to the previous example,

the starting level of RIR is also relatively low or even negative for the in-

dividual companies that comprise the industry, the resulting valuations will

all give fundamental values lower than the current book value of equity. The

reason is that, given the assumptions just mentioned, RIR will be negative in

the explicit forecasting period, i.e from τ = 1, ..., 5, zero in the intermediate

period, and give zero continuing value. Thus, the market to book ratio in our

valuation equations, expressed in its simplest form as Vt/bvt = 1+PV [RIR],

will be less than one.

Occurrences such as this, in which an entire industry is valued to less than its

book value, seem highly unlikely to happen in true fundamental valuations. If

the aforementioned example also results in a positive valuation error 37 across

the industry, then this is likely to be an error caused by the mean reverting

process. If this is indeed the case, then we would expect to see erroneous

results in the sell-portfolio. This is in fact the case in several industries.

One of these industries is the oil industry, which is heavily represented on

the Norwegian Stock Exchange. From 1996 to 1999, as well as in 2002,

the estimated long run RIR is between -2.5% and -4.2%. In three of these

years, from 1996 to 1998, every single company representing the oil industry

received positive valuation errors. Another example of a well-represented

industry is the business services industry, for which the estimated long run

RIR was between -9.9% and -4.8% between 1999 and 2002. Seeing that,

over the course of the analysis period, 45 and 12 companies were classified

as representing the oil and business services industries respectively, results

such as these could in fact contribute in explaining why the sell-portfolio

appears to be over-represented by companies who, contrary to the valuation

37 Recall the VE formula: (
P − V
P

). A positive VE indicates an overvalued stock
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results, went on to earn positive returns. This argument is supported by

the fact that across all industries through the analysis period, only seven

Fama-French industries did not experience at least one negative long run

RIR estimate. These were the beer, books, rubber, utilities, transportation,

banking and insurance industries. Of these, only the banking and insurance

industries were represented by more than a total of four companies over the

course of the analysis period. Having said that, a negative RIR estimate

is not equivalent to an industry-wide undervaluation, and in many cases,

a negative RIR estimate could very well be appropriate for a wide range of

companies within the industry. Accordingly, we do not solely blame the mean

reversion-based RIR forecasts for the inconsistency between the excess results

in the buy- and sell-portfolios. Rather, we consider it a possibility that in

some cases, the mean reversion may have led to systematic undervaluations.

10.2 Similar Results Across Valuation Frameworks

The two figures below show the excess returns for all three valuation frame-

works under the two different sets of model assumptions that have been fea-

tured throughout the analysis, that is, the V M500%-models and the NEPS

V M500%-models.

The fact that the individual lines in the graphs are nearly impossible to

distinguish from each other illuminates an important point, namely that the

three valuation frameworks give nearly identical recommendations for the

buy- and sell portfolios. In fact, the reach of the Y-axis has to be reduced

in order to visibly separate the lines. We refer readers interested in the one-

and two years ahead excess returns for the sell-portfolios that were cut from

the figure to the table of excess returns in the previous section. In light of

the goal of this thesis, which is to compare the practical implementation of

different valuation frameworks, this result is unfortunate. Speaking purely
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Figure 8: Average Excess Returns, CAPM/CCAPM/EZ V M500%

Figure 9: Average Excess Returns, CAPM/CCAPM/EZ NEPS V M500%
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from the empirical and graphical results that have been presented so far,

we are yet to see any strong evidence in favor of either of the valuation

frameworks. That being said, we do find the results interesting, and there

could be several explanations as to why the results are so similar across

valuation frameworks.

At this point, we find it useful to remind the reader that the buy- and sell-

portfolios are unweighted, that the buy- and sell-portfolios are based on val-

uation errors, and that RIR-forecasting is equivalent across valuation frame-

works. Combined with the fact that the sample is relatively small, it may not

be such a surprising result that the different valuation frameworks generate

similar valuation errors, which in turn produce very similar buy- and sell-

portfolios. This argument is supported further by two potential explanations,

which have already been discussed in previous sections. The first relates to

the potential issues that may occur when forecasting RIR based on mean re-

verting processes, in that relatively low values of forecasted RIR diminishes

the impact of differences in discounting. The second, which was mentioned in

the valuation results section, relates to the relatively low betas, which in turn

produces relatively low estimates of the costs of equity. In conjunction with

the relatively small variations in consumption data, which leads to small risk-

adjustment terms in the CCAPM- and EZ-models, as discussed in chapter

6, the combined effect of these factors is that the differences between valu-

ation frameworks under the given data-circumstances simply are too small

to argue that any of the valuation frameworks can be deemed superior with

any kind of strong evidence. As such, we cannot conclude that either of the

valuation frameworks show relatively stronger abilities in identifying under-

and overvalued stocks.
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11 Statistical Tests of the Models’ Relative

Abilities to Predict Excess Returns

We finalize our analysis by conducting a statistical test designed to compare

the predictive abilities of two valuation frameworks. Like Bach and Chris-

tensen (2016), we follow Dechow (1994) and apply a likelihood ratio test

developed by Vuong (1989), which is designed to compare competing mod-

els’ abilities to predict one-year ahead excess returns. The one-year ahead

excess returns are calculated by subtracting the one-year zero coupon yields

used in the CCAPM- and EZ-models from the one-year ahead returns. We

compare all three valuation frameworks using the same assumptions as in

the preceding section. In other words, we compare the CAPM/CCAPM/EZ

V M500% to each other, and we compare the CAPM/CCAPM/EZ NEPS V

M500% to each other.

11.1 Description of the Test

The test is conducted by first estimating three coefficients and a model vari-

ance through a regression. Next, the three coefficients are used to calculate

error terms for each model. In conjunction with the model variances, the

error terms are used to estimate a normally distributed Z-value with a mean

equal to zero and a standard deviation equal to one. This Z-value will indicate

whether, and at what significance, either valuation framework outperforms

the other.

Using the notation from Dechow (1994), but also including time subscripts

for the valuation dates, the regression equation used for estimating the coef-
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ficients can be written as

ExRi,t+1 = aj + bjβi,t + cj
Pi,t

V j
i,t

+ εji,t, εji,t ∼ NIID(0, σ2,j) (82)

where i = 1, ..., n indicates the company in question, t = 1, ..., T indicates

the valuation date, j indicates the valuation model, ExRi,t+1 is the one-year

ahead excess return for company i relative to time t, βi,t is the company-

and valuation date specific beta estimated for and used in the CAPM model,

Pi,t/V
j
i,t is the ratio of the observed market price over the estimated price per

share for company i at time t for valuation model j, at and bj and cj are the

valuation framework-specific coefficients to be estimated, and εji,t is the error

term. Note that the error term εji,t is assumed normally identically indepen-

dently distributed with zero mean and a variance equal to the variance for

the valuation model. Thereby, estimating the variance for the error terms

equates to estimating the variance for the valuation model, which in turn is

used to estimate the Z-value.

We perform the two regressions in Excel. Note that the time- and company-

subscripts imply that we are regressing matrices, which prohibits the regres-

sion from being performed in Excel, as Excel does not allow the Y-variable to

be a matrix. Our solution is to rearrange the data by stacking the observa-

tions on top of each other to form vectors, i.e. one excess return vector, one

beta vector, and one price/value-ratio vector, rather than matrices. If the

stacking is done consistently, i.e. by making sure that ExRi,t+1 is matched to

its explanatory variables βi, t and Pi,t/V
j
i,t in terms of i and t, we see no rea-

son why this solution should not work, as each observation of the Y-variable

relates to each observation of the X-variables. Next, we ensure that both re-

gressions are performed on the exact same data in the exact same order. This

is necessary to correctly calculate the residuals, which are used in calculating

the Z-value, in that the error terms relate to specific companies and valuation
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dates. Because of the parameter Pi,t/V
j
i,t, valuations in which V j

i,t = 0 must

be removed. In order to maintain the i and t consistency, these observations

are removed only after all data have been grouped together. Thus, by re-

moving entire rows of data, all observations retain their horizontal relation

to each other. The estimated coefficients are used to calculate the residuals

εji,t. This is done through through the equation

εji,t = ExRi,t+1 − aj − bjβi,t − cj
Pi,t

V j
i,t

(83)

In turn, the residuals and the variance is used to calculate the Z-value. Con-

tinuing with the notation in Dechow (1994), Vuong’s Z-value is calculated

as

Z =
1√
nT

LR

ω̂
, Z ∼ N(0, 1) (84)

where, using CCAPM and CAPM as examples of the models being compared

LR =
nT

2
(log(σ̂2

CCAPM)− log(σ̂2
CAPM)) (85)

+
1

2

n∑
i=1

T∑
t=1

(
(εCCAPMi,t )2

σ̂2
CCAPM

−
(εCAPMi,t )2

σ̂2
CAPM

)

and

ω̂2 =
1

nT

n∑
i=1

T∑
t=1

(
log(σ̂2

CCAPM)− log(σ̂2
CAPM) +

(εCCAPMi,t )2

2σ̂2
CCAPM

−
(εCAPMi,t )2

2σ̂2
CAPM

)2

(86)

−
(

1

nT
LR

)2
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In simple terms, the model compares the relative sizes of the models’ vari-

ances and models’ calculated residuals. Continuing with the models used in

the example for the LR- and omega-calculations, a negative Z-value favors

the CCAPM-model, while a positive Z-value favors the CAPM-model. The

Z-value can in turn be used to calculate the significance of the result, un-

der the assumption that the resulting Z-value is normally distributed with a

mean of zero and variance of one.

11.2 Test Results and Regression Output

Table 8 and 9 show the regression-output and the test results, respectively.

The order of appearance of the models’ names in the test results table imply

in which way the Z-score should be read. For instance, in the case of CCAPM-

CAPM (V M500%), a negative value favors the CCAPM. From the test

results, we can see that the test does indeed provide significant results. By

themselves, these results should be interpreted cautiously.

Table 8: Regression Output

Intercept
Beta-
coefficient

P/V-
coefficient

Std. Dev.
of Errors

Model
Variance

P-value
(Beta)

P-value
(P/V)

R-Sqaured

CAPM V M500% 0.1321 -0.0608 0.0013 0.6960 0.4845 0.0351 0.7736 0.0022
CCAPM V M500% 0.1304 -0.0606 0.0023 0.6959 0.4843 0.0353 0.4437 0.0025
EZ V M500% 0.1298 -0.0595 0.0017 0.6946 0.4824 0.0380 0.5732 0.0023

CAPM NEPS V M500% 0.1349 -0.0647 -0.0045 0.6938 0.4813 0.0221 0.3286 0.0033
CCAPM NEPS V M500% 0.1326 -0.0655 -0.0025 0.6938 0.4814 0.0202 0.3666 0.0032
EZ NEPS V M500% 0.1315 -0.0641 -0.0030 0.6924 0.4794 0.0226 0.2923 0.0033

Although we do observe significant results at the 95% confidence level in all

tests except for one, these are relativistic results. Going back to the test’s

equations, we see that the resulting Z-value is only contingent on the relative

sizes of the residuals and the model variances, which in turn are regulated

by the sample size. In other words, a significant result only implies that

one model outperforms the other in relative terms, and does not speak on
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Table 9: Test Results and Parameters

Vuong’s
Z-value

Implied
P-value

n T LR w

CCAPM - CAPM (V M500%) -3.0942 0.0033 2007 20 -2.1924 0.0035
CCAPM - EZ (V M500%) -4.0206 0.0001 2017 20 -1.2401 0.0015
EZ - CAPM (V M500%) -2.4158 0.0216 2022 20 -1.0024 0.0021

CCAPM - CAPM (NEPS V M500%) 1.6869 0.0962 2044 20 0.6059 0.0018
CCAPM - EZ (NEPS M500%) 7.7124 0.0000 2054 20 1.3560 0.0009
EZ - CAPM (NEPS V M500%) -2.2225 0.0338 2059 20 -0.8986 0.0020

the models in absolute terms. This is illuminated by looking closer at the

regression output. The most obvious red flag in the regression output is

the R2-values for the regressions. In all the regressions, the R2 is very low.

This implies that the chosen parameters, β and P/V , do not explain the

one-year ahead excess returns well. Another curious result is the fact that

the coefficient for the βs is negative in all the regressions. The model thus

suggests that relatively higher betas results in relatively lower one-year ahead

excess returns. Notice also that these β-coefficients are statistically signifi-

cant in all models at the 5% significance level. Obviously, this result goes

against the simple logic behind CAPM, in the sense that more systematic

risk, expressed through the beta, should yield higher returns. The contradic-

tion of experiencing a significantly negative beta-coefficient could of course

have simple empirical explanations, e.g. that in this specific sample over this

specific time period, companies that were operating in high-risk industries

or environments were simply not rewarded. Although not theoretically sup-

ported, as systematic risk should be proportionally rewarded in relation to

the market portfolio, it may offer a practical explanation. Another practical

explanation could be that the betas in CAPM do not explain risk sufficiently.

Finally, there could be problems with the actual beta estimates, as outlined

in the beta estimation chapter. We cannot know for sure which of these

explanations are true. Rather, we propose that there might be some truth
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behind all of these possible explanations, and that the result is influenced by

a mixture of different factors.

Moving on to the P/V -parameter, we see that it is not a significant ex-

planatory variable in any of the regressions. Although the sign of the P/V -

coefficient changes from negative to positive when going from the ”NEPS”

models to the models using EPS- and LTG-forecasts, neither models provide

results in which the coefficient is significantly different from zero. This sup-

ports one of the main observation from the graphs in the previous section, in

that the models are inconsistent in their abilities to successfully predict future

negative stock price movements. As such, the lack of statistical significance

for this coefficient could be related to the issues mentioned in the previous

section. A final observation to note from the regressions is the fact that all

the models produce very similar results in absolute terms. However, relative

to each other, we see that the NEPS-models give the highest R2-values, and

also that the significance of the P/V -coefficient improves.

11.3 Summary of the Test Results

Going back to the test results, it seems appropriate to elaborate a little

further on the design of the test. As already mentioned, the test is rela-

tivistic, as the purpose of the test is to directly compare the models to each

other. As such, comparing poor models will also yield significant results if

the differences between the models are significant. In other words, if the

model variance is relatively lower and the error terms are relatively smaller,

the test can conclude with significant results. This appears to be the case

here. In the particular tests we performed, the drivers of the test results

were the combination of a large LR-term and a small LR variance, i.e. ω̂2.

In our cases, the value of the LR term was mostly driven by differences in

model variances in combination with the large sample size. The low value of
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ω̂2, on the other hand, is mostly driven by small differences in error terms,

and also by the large sample size. In combination, these factors generated

significant results. The impact of the significant results, unfortunately, are

severely reduced by the fact that the test results are somewhat inconsistent.

Specifically, all valuation frameworks are represented on the winning side of

at least one test. That being said, this happens only once for the CAPM-

based model, whereas the CCAPM performs better in two tests, and the

EZ models perform better in three tests. Additionally, in the test where the

CAPM-based model performs better, the result is not significant at a 5% sig-

nificance level. As such, although the test results are contradicting, they do

not support the CAPM-based models. However, considering the inconsistent

results in conjunction with the weak explanatory capabilities highlighted in

the regression output, we end this chapter by concluding that although the

tests produce significant results, the results should be interpreted in context

with the overall performance of the models, and as such, cannot be used as

strong evidence as to which valuation framework is better at predicting short

term stock price movements.
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12 Conclusion

The analysis has centered around reaching a conclusion as to which valuation

framework is empirically superior, based on the research questions regard-

ing valuation accuracy, the ability to predict future stock price movements

through buy- and sell-portfolios, and the comparative ability to predict short

term stock price movements with statistical significance. The analysis en-

tailed estimating 693 individual long run industry average RIR-levels and

persistence parameters, 1386 covariance terms, and 5396 betas, and culmi-

nated in conducting more than 70000 individual valuations spread across the

three valuation frameworks and twelve different sets of model assumptions.

Unfortunately, as expressed throughout the analysis, the results across the

different valuation frameworks were simply too similar to form any strong

evidence as to which valuation framework performs empirically better than

the others. In terms of valuation accuracy, the best iterations of each val-

uation framework showed very similar abilities to hit the observed market

price, when measured in terms of absolute median valuation error. Although

the CAPM-models technically were slightly more accurate, with the best it-

eration reaching a MAVE of 60% compared to 64% for CCAPM and 62%

for EZ, we do not consider this as strong evidence on which to base a con-

clusion in favor of the CAPM-framework. Similarly, for the models’ abilities

to predict future movements in stock prices in terms of forming buy- and

sell portfolios, the results were almost indistinguishable. In this regard, the

CCAPM-based frameworks performed slightly better, but seeing that the

differences in returns across the models on average were about 0.2%, we once

again argue that the evidence is too insignificant to conclude in favor of a

valuation framework. Finally, in the statistical tests in which the models

are compared to each other, we did see several statistically significant re-

sults. However, the results were inconsistent, and under the two different

sets of model assumptions, both the CCAPM- and EZ-based frameworks
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were found to be statistically better than each other. Additionally, with the

NEPS model assumption, the CAPM-based model was also found to outper-

form the CCAPM-based model, but only at a significance level of 10%.

We suspect that the reason for the lack of more distinguishable results relates

to several factors. First, the heavy reliance on the estimated long run struc-

tural levels of residual income returns for forecasting may have generalized

our valuation results in such a way that it diminished potential differences

in risk-adjustments across valuation frameworks. Furthermore, due to the

relatively low estimated beta values, as well as the smoothness in the con-

sumption data, the resulting risk-adjustments were relatively small. The

combined effect of these factors may have resulted in too little variation in

absolute risk-adjustments across valuation frameworks despite their inherent

differences, and as such, the valuation results were too similar to conclude

in favor of either framework on either of the areas designed to answer the

research question. Accordingly, we conclude that the analysis did not pro-

duce strong enough evidence to assert that either of the valuation frameworks

were empirically superior to each other when applied on the Norwegian stock

market during the period 1996 to 2016.
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13 Closing Remarks and Suggestions for Fu-

ture Research

The recurring theme of the analysis has been that the results to a large

extent have been unable to provide strong evidence in favor of any of the

valuation frameworks. As has been explained on multiple occasions, we sus-

pect that the primary reason for the lack of more unique and differentiable

valuation results relates to data availability and not the risk adjustments in

the respective valuation frameworks. Accordingly, we find it appropriate to

discuss alternative approaches as to how these issues could be handled in

future research on similar subjects in similar data availability environments.

Our first suggestion is to more appropriately adjust the scope of the analysis

to the availability of data. For instance, our analysis covers the entire Oslo

Stock Exchange from 1996 to 2016. In light of the discovery that a lot of the

data needed for this specific analysis turned out to possibly be erroneous, or

in the very least not particularly suitable for conducting the analysis, a better

approach might have been to choose a shorter analysis period and include

fewer companies in order to get objectively more trustworthy data. In terms

of our analysis, such an approach could be to shorten the analysis period to

ten years, pick a sample of large-cap companies, and collect the forecasting

estimates directly from published equity research reports, or even contact

different providers of equity research and ask for the data. This would allow

for greater certainty in the correctness of the data, which in turn would allow

the researchers to form stronger opinions based on the analysis results.

Another suggestion goes in the opposite direction of the first, and entails ad-

justing the sample to the scope of the analysis. Continuing with this paper

as an example, adjusting the sample could entail performing the analysis on

a stock market consisting of more companies, or by conducting the analysis

on several stock markets simultaneously, for instance on all the Scandinavian
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stock markets. The increased sample size would allow for more strict screen-

ing procedures, as reducing the sample will not have the same impact when

the original sample is relatively much larger.

Our final suggestion regarding the methodology relates to that of forecasting

future profitability. As a result of the lack of data for forecasting, our anal-

ysis had to rely heavily on the mean reverting assumption. As discussed at

several points throughout the text, the cost of this was that it allowed for

less idiosyncrasies in the valuations, and that the analysis potentially became

more uniform and inherently allowed for fewer differences than what would

otherwise be the case. In our case, where EPS- and LTG-estimates were

scarce and inconsistently reported, and potentially erroneous, a solution to

allow for more idiosyncrasies could have been to estimate the mean rever-

sion specifically on the companies in question and their closest comptetitors,

rather than performing the process on industries determined by the Fama-

French 48 industry classifications.

We suggest that adjusting the methodology to either of these approaches

could strengthen the analysis, and provide results which are better suited for

drawing conclusions.
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Appendices

A Derivation of Epstein-Zin

The following derivation is based on Henriksen and Sørensen (2017) whereas

we will only justify reasonable parts of their mathematical proof. Beginning

where we left off with the single period event price deflator as

mt+1 =
πt+1

πt
= δθ

(
ct+1

ct

) θ
Ψ (rWt+1)

θ−1 (87)

The next step is to make it implementable for our data. Define δ = e−δ as the

personal discount factor and revising equation 87 with t → τ i.e. arbitrary

but finite time subscripts yields

mtτ =
πτ
πt

= e−δθ(τ−t)
(
cτ
ct

) θ
Ψ (RW

τt )
θ−1 (88)

where rWτt =τ
m=t+1 r

W
m =

Pτ
Pt

is the return on the optimal portfolio in the

period t → τ assuming dividends is always re-invested. Define the log con-

sumption growth innovation
cτ
ct

= ln
cτ
ct

= gτt and the continuous return on

the optimal wealth portfolio rWτt = ln
Pτ
Pt

= rWτr for reasons that will be clear

when we derive the stochastic processes shortly after finalizing the value

relation. We apply this process definitions in order to use Steins Lemma.

Although not explicitly stated, this lemma is also applied in the CCAPM

(Bach and Christensen, 2016). Furthermore, define a normally distributed

random variable as
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ϕ = −δθ(τ − t) θ
Ψ
gτt + (θ − 1)rWτt (89)

and then our event price deflator can be written as

πτ
πt

= eln(ϕ) = f(ϕ) (90)

Similar to the CCAPM we assume that residual income and our variable ϕ

are jointly normally distributed as this allows us to apply our innovation to

our initial value equation as

Vt = bvt +
∞∑
τ=1

Bt,t+τ{E[rit+τ ] + Covt(rit+τ , ϕ)} (91)

Bringing back equation 89 we can adjust the covariance term using our agent

parameter of risk aversion and intertemporal substitution

Covt(rit+τ , ϕ) = Covt

[
rit+τ ,−δθ/(τ − t)−

θ

Ψ
gτt + (θ − 1)rWτt

]
(92)

↔ Covt(rit+τ , ϕ) = − θ
Ψ
Covt[rit+τ , gτt] + (θ − 1)Covt[rit+τ , r

W
τt ]

We are now ready to present the final valuation model similarly to the one

stated in the thesis, using Epstein and Zin (1989) preferences as

Vt
bvt

= 1+
∞∑
τ=1

Bt,t+τ

[
Et[RIRt,t+τ ]−

θ

Ψ
Covt[RIRt,t+τ , gt,t+τ ]+(θ−1)Covt[RIRt,t+τ , r

W
t,t+τ ]

]
(93)

From our value relation in equation 93 we have two stochastic processes
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of risk adjustments. We defined aggregate consumption being log normally

distributed and following a geometric Brownian motion. The general closed

form of a stochastic process’ (though using consumption notation) is given

as

ln

(
ct
c0

)
=

(
µ− σ2

c

2

)
t+ σcZt

38 (94)

where then continuous growth rate in consumption equals its drift rate repre-

sented by a constant mean µ and volatility σ. The last term Z is the Wiener

process or Brownian motion. In other words, it’s a stochastic continous time

process where the logarithm of a random varying variable follows a Brown-

ian motion with a drift parameter. We need to convert this process into a

discrete time expression for our valuation framework. Define t = tt+1 − t0

and ln
ct
c0

= ∆c as the passing of an arbitrary period then the value relation

becomes

∆c = ln(ct+1)− ln(ct0) =

(
µ− σ2

c

2

)
(tt+1 − t0) + σc(Zt+1 − Zt0) (95)

Since the time change is now in unit form we move on to defining the drift

rate as µln(c) =

(
µ− σ2

c

2

)
and variance φt = σc(Zt+1 − Zt0) yielding the one

step function for aggregate consumption

ln(ct+1)− ln(ct0) = µln(c) + φt (96)

hence, we have a normally distributed value change ln(ct+1) − ln(ct0) ∼
N (µln(c), φt) and independent and identically distributed error terms φt ∼

38 (Sondermann, 2006)
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N (0, σ2
c ). Lastly, we define the consumption growth process we familiar nota-

tion gt,t+τ = ln

(
ct+τ
ct

)
, since the logarithm of the gross rate of consumption

growth is equal to the continuously compounded consumption growth of the

period. This explains the rationale behind defining the consumption growth

in continuous compounding terms (Henriksen and Sørensen, 2017). The con-

sumption growth is therefore quite similar to the CCAPM estimation with

a constant growth rate and a independent and identically distributed error

term, but now we see the continuously compounded consumption growth

modeled through

gt,t+τ = µln(g) + φt+τ φt+τ ∼ N (0, σ2
g) (97)

The modelling of the co-variance between residual income returns and the

optimal wealth portfolio will also make use of a Geometric Brownian mo-

tion process. In contrast to the consumption process, the this will have a

strictly positive value space as the mean and variance are in proportion to

its current positive value. This illustrates the intuitive and consistent feature

of modelling equity in this manner as the limited liability of an investor is

recognized. Using the same arguments as before this gives the second, but

similar process of wealth returns as

rWt,t+τ = ln

(
Pt+τ
Pt

)
= µln(w) + θt+τ θt+τ ∼ N (0, σ2

w) (98)

Hence, the continuous compounded rate of return on the optimal wealth

portfolio follows a geometric Brownian motion in discrete time and is nor-

mally distributed with mean µln(p) and error term θ. The error terms are

independent and identically distributed. In order to connect the above to

the thesis, we repeat the distribution of the serially uncorrelated, but con-

temporaneously correlated and normally distributed error terms as
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εt+τφt+τ

θt+τ

 ∼ N(0,


σ2
r σrg σrw

σrg σ2
g σgw

σrw σgw σ2
w


)

(99)
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B Nelson-Siegel-Svensson Coefficients

Table 10: Nelson-Siegel-Svensson Coefficients

Model Parameters after minimizing SSE

Year SSE Theta1 Theta2 Theta3 Theta4 Beta1 Beta2

1995 3.456E-07 0.0826 -0.0324 -0.0386 -0.0066 1.1032 8.0122
1996 3.428E-07 0.0807 -0.0370 -0.0606 -0.0453 0.7002 1.6298
1997 1.285E-07 0.0672 -0.0340 -0.0565 0.0337 1.8765 3.7055
1998 2.867E-08 0.0595 -0.0240 -0.0372 0.0344 2.3524 1.9437
1999 6.044E-07 0.0545 -0.0147 -0.0160 -0.0548 0.8210 1.6997
2000 2.625E-06 0.0630 -0.0195 -0.0268 -0.0136 0.5280 2.5528
2001 7.870E-07 0.0626 -0.0198 -0.0270 -0.0271 0.3459 2.5699
2002 9.812E-07 0.0588 -0.0201 -0.0290 -0.0103 0.6379 2.4130
2003 6.140E-07 0.0530 -0.0214 -0.0327 -0.0330 0.9110 1.8052
2004 1.870E-06 0.0525 -0.0287 -0.0462 0.0063 1.3950 1.6858
2005 2.094E-07 0.0445 -0.0233 -0.0151 -0.0054 2.1940 1.9518
2006 2.110E-07 0.0461 -0.0172 -0.0256 0.0252 1.9988 1.5334
2007 2.479E-07 0.0462 -0.0043 -0.0232 0.0208 1.7455 1.2343
2008 3.994E-06 0.0518 0.0048 -0.0219 -0.0192 3.0792 1.0045
2009 8.055E-06 0.0420 -0.0231 -0.0378 -0.0053 1.1507 1.3930
2010 1.046E-05 0.0405 -0.0232 -0.0336 -0.0205 1.1133 1.2869
2011 6.331E-06 0.0413 -0.0210 -0.0259 -0.0026 1.1365 1.6822
2012 1.095E-05 0.0297 -0.0116 -0.0396 -0.0118 1.3060 1.2241
2013 1.986E-06 0.0260 -0.0332 -0.0669 0.0562 1.5806 0.8100
2014 2.374E-06 0.0283 -0.0301 -0.1278 0.0996 1.3446 0.9992
2015 6.577E-07 0.0124 -0.0150 -0.0395 0.0285 1.5445 0.9381
2016 4.020E-06 0.0163 -0.0254 -0.1113 0.0963 1.4161 1.0156
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C Company SIC-codes and Industry Classi-

fications

Table 11: Overview of the SIC-codes and Fama-French Industry Classifica-
tions (1 of 5)

Company name SIC
Fama-French
industry

Company name SIC
Fama-French

industry

ABG SUNDAL COLLIER HLDG ASA 6211 47 Fin BELSHIPS ASA 4412 40 Trans

AF GRUPPEN ASA 1500 18 Cnstr BERGEN GROUP ASA 3730 25 Ships

AGR GROUP ASA 1382 30 Oil BIOTEC PHARMACON 2836 13 Drugs

AKASTOR ASA 1382 30 Oil BONHEUR A/S 1381 30 Oil

AKER ASA 1389 30 Oil BORGESTAD ASA 3290 17 BldMt

AKER BIOMARINE ASA 2836 13 Drugs BORREGAARD ASA 2800 14 Chems

AKER BP ASA 1311 30 Oil BOUVET ASA 7372 34 BusSv

AKER SOLUTIONS ASA 5080 41 Whlsl BRIDGE ENERGY ASA 1311 30 Oil

AKVA GROUP ASA 3523 21 Mach BULK INVEST ASA 4412 40 Trans

ALGETA ASA 2836 13 Drugs BW LPG LTD 4610 40 Trans

AMERICAN SHIPPING CO ASA 3730 25 Ships BW OFFSHORE LTD 1382 30 Oil

APPTIX ASA 7372 34 BusSv BWG HOMES ASA 1520 18 Cnstr

AQUALIS ASA 1382 30 Oil BYGGMA ASA 2430 17 BldMt

ARCHER LTD 1381 30 Oil CERMAQ ASA 2040 2 Food

ARCUS ASA 2084 4 Beer CODFARMERS ASA 200 1 Agric

ARENDALS FOSSEKOMPANI ASA 4931 31 Util COMROD COMMUNICATIONS ASA 3663 36 Chips

ASETEK AS 3577 35 Comps CONTEXTVISION AB 7372 34 BusSv

ATEA ASA 7370 34 BusSv COPEINCA ASA 2070 2 Food

ATLANTIC PETROLEUM 1311 30 Oil CXENSE ASA 7372 34 BusSv

AURSKOG SPAREBANK ASA 6020 44 Banks DATA RESPONSE ASA 7373 35 Comps

AUSTEVOLL SEAFOOD ASA 2090 2 Food DEEP SEA SUPPLY PLC 4400 40 Trans

AVANCE GAS HOLDINGS LTD 4400 40 Trans DNB ASA 6020 44 Banks

AVOCET MINING 1040 27 Gold DNO ASA 1311 30 Oil

AXACTOR AB 6153 44 Banks DOCKWISE LTD 4400 40 Trans

B2HOLDING ASA 6153 44 Banks DOF ASA 4400 40 Trans
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Table 12: Overview of the SIC-codes and Fama-French Industry Classifica-
tions (2 of 5)

Company name SIC
Fama-French
industry

Company name SIC
Fama-French

industry

DOLPHIN GROUP ASA 7373 35 Comps GYLDENDAL ASA 2731 8 Books

DOMSTEIN ASA 2092 2 Food HAFSLUND ASA 4911 31 Util

EIDESVIK OFFSHORE ASA 4400 40 Trans HAVFISK ASA 2092 2 Food

EITZEN CHEMICAL ASA 4412 40 Trans HAVILA SHIPPING ASA 4400 40 Trans

EKORNES
ASA

2510 9 Hshld HAVYARD GROUP ASA 3730 25 Ships

ELECTROMAGNETIC GEOSERV 1382 30 Oil HELGELAND SPAREBANK 6020 44 Banks

ELEMENT ASA 1000 28 Mines HEXAGON COMPOSITES ASA 3089 15 Rubbr

ELTEK ASA 3663 36 Chips HIDDN SOLUTIONS ASA 3570 35 Comps

EMAS OFFSHORE LTD 1382 30 Oil HOEGH LNG HOLDING LTD 4400 40 Trans

EMS SEVEN SEAS ASA 4700 40 Trans HOL SPAREBANK 6020 44 Banks

ENTRA ASA 6500 46 RlEst HOLAND & SETSKOG SPAREBANK 6020 44 Banks

EUROPRIS ASA 5331 42 Rtail HURTIGRUTEN GROUP ASA 4400 40 Trans

EVRY ASA 7373 35 Comps IDEX ASA 3579 35 Comps

FAIRSTAR HEAVY TRANSPORT N.V 1389 30 Oil IM SKAUGEN SE 4412 40 Trans

FARA ASA 7370 34 BusSv IMAREX ASA 6200 47 Fin

FARSTAD SHIPPING ASA 4400 40 Trans INCUS INVESTOR ASA 3440 17 BldMt

FRED OLSEN ENERGY ASA 1381 30 Oil INDRE SOGN SPAREBANK 6020 44 Banks

FRED OLSEN PRODUCTION AS 1382 30 Oil INFRATEK ASA 1700 18 Cnstr

GAMING INNOVATION GROUP INC 5961 42 Rtail INSR INSURANCE GROUP ASA 6411 45 Insur

GANGER ROLF A/S 4412 40 Trans INTEROIL EXPLORATION AS 1311 30 Oil

GC RIEBER SHIPPING ASA 1382 30 Oil ITERA ASA 7370 34 BusSv

GJENSIDIGE FORSIKRING BA 6331 45 Insur JAEREN SPAREBANK 6020 44 Banks

GOLDEN OCEAN GROUP 4400 40 Trans JASON SHIPPING ASA 4412 40 Trans

GOODTECH ASA 1623 18 Cnstr JINHUI SHIPPING & TRANSN LTD 4400 40 Trans

GRIEG SEAFOOD AS 2092 2 Food KID ASA 5700 42 Rtail
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Table 13: Overview of the SIC-codes and Fama-French Industry Classifica-
tions (3 of 5)

Company name SIC
Fama-French
industry

Company name SIC
Fama-French
industry

KITRON ASA 3672 36 Chips NORWAY PELAGIC AS 2092 2 Food

KOMPLETT BANK ASA 6020 44 Banks NORWAY ROYAL SALMON AS 2092 2 Food

KONGSBERG AUTOMOTIVE ASA 3714 23 Autos NORWEGIAN AIR SHUTTLE ASA 4512 40 Trans

KONGSBERG GRUPPEN ASA 3812 36 Chips NORWEGIAN CAR CARRIERS ASA 4400 40 Trans

KVAERNER ASA 1382 30 Oil NORWEGIAN ENERGY CO AS 1311 30 Oil

LEROY SEAFOOD GROUP ASA 2092 2 Food NORWEGIAN FINANS HLD ASA 6020 44 Banks

LINK MOBILITY GROUP ASA 4899 32 Telcm NORWEGIAN PROPERTY AS 6510 46 RlEst

MARINE HARVEST ASA 2090 2 Food NRC GROUP ASA 1600 18 Cnstr

MEDISTIM ASA 3845 12 MedEq NTS ASA 4400 40 Trans

MELHUS SPAREBANK 6020 44 Banks OCEAN YIELD ASA 4400 40 Trans

MORPOL ASA 2092 2 Food OCEANTEAM ASA 1700 18 Cnstr

MULTICONSULT ASA 8742 34 BusSv ODFJELL DRILLING LTD 1381 30 Oil

NAPATECH AS 3576 35 Comps OLAV THON EIENDOMSSELSKAP 6512 46 RlEst

NAVAMEDIC ASA 2834 13 Drugs ORKLA ASA 9997 2 Food

NEL ASA 2836 13 Drugs OTELLO CORPORATION ASA 7370 34 BusSv

NEXT BIOMETRICS GROUP AS 3570 35 Comps P/F BAKKAFROST HOLDING 2092 2 Food

NEXTGENTEL HOLDING ASA 4899 32 Telcm PANORO ENERGY ASA 1311 30 Oil

NORDA ASA 2836 13 Drugs PARETO BANK ASA 6020 44 Banks

NORDIC NANOVECTOR AS 2836 13 Drugs PETROLIA SE 1381 30 Oil

NORDIC SEMICONDUCTOR 3674 36 Chips PGS-PETROLEUM GEO-SERVICES 1382 30 Oil

NORSE ENERGY CORP ASA 1311 30 Oil PHOTOCURE ASA 2834 13 Drugs

NORSK HYDRO ASA 3350 19 Steel POLARCUS LTD 1389 30 Oil

NORSKE SKOGINDUSTRIER A/S 2621 38 Paper POLARIS MEDIA ASA 2711 8 Books

NORTHERN OFFSHORE LTD 1381 30 Oil PRONOVA BIOPHARMA ASA 2836 13 Drugs

NORTHLAND RESOURCES SE 1000 28 Mines PROSAFE SE 1389 30 Oil
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Table 14: Overview of the SIC-codes and Fama-French Industry Classifica-
tions (4 of 5)

Company name SIC
Fama-French
industry

Company name SIC
Fama-French

industry

PROTECTOR FORSIKRING ASA 6300 45 Insur SIEM SHIPPING INC 4412 40 Trans

Q-FREE ASA 3829 37 LabEq SINOCEANIC SHIPPING ASA 1382 30 Oil

RAK PETROLEUM PLC 1311 30 Oil SKIENS AKTIEMOLLE ASA 4991 48 Other

REACH SUBSEA ASA 4400 40 Trans SKUE SPAREBANK 6020 44 Banks

REC SOLAR ASA 3674 36 Chips SOLON EIENDOM ASA 6552 46 RlEst

RENEWABLE ENERGY CORP AS 3674 36 Chips SOLSTAD FARSTAD ASA 1389 30 Oil

RENONORDEN ASA 4950 48 Other SOLVANG ASA 4412 40 Trans

REPANT ASA 3990 0 SONGA OFFSHORE SE 1381 30 Oil

RESERVOIR EXPLORATION TECH 1382 30 Oil SPAREBANK 1 BV 6020 44 Banks

RIEBER & SON AS 2000 2 Food SPAREBANK 1 NORD-NORGE 6020 44 Banks

ROCKSOURCE ASA 1311 30 Oil SPAREBANK 1 NOTTEROY 6020 44 Banks

ROYAL CARIBBEAN CRUISES LTD 4400 40 Trans SPAREBANK 1 OSTFOLD AKERSHUS 6020 44 Banks

SALMAR ASA 900 0 SPAREBANK 1 RINGERIKE HADELA 6020 44 Banks

SANDNES SPAREBANK 6020 44 Banks SPAREBANK 1 SMN 6020 44 Banks

SAS AB 4512 40 Trans SPAREBANK 1 SR BANK 6020 44 Banks

SBANKEN ASA 6020 44 Banks SPAREBANKEN MORE 6020 44 Banks

SCATEC SOLAR ASA 4991 48 Other SPAREBANKEN OEST ASA 6020 44 Banks

SCHIBSTED ASA 2711 8 Books SPAREBANKEN SOR AS 6020 44 Banks

SD STANDARD DRILLING PLC 3533 21 Mach SPECTRUM ASA 1382 30 Oil

SEABIRD EXPLORATION PLC 1382 30 Oil STATOIL ASA 2911 30 Oil

SEADRILL LTD 1381 30 Oil STOLT NIELSEN LTD 4412 40 Trans

SELVAAG BOLIG AS 6552 46 RlEst STOREBRAND ASA 6311 45 Insur

SEVAN DRILLING LTD 1381 30 Oil STORM REAL ESTATE AS 6500 46 RlEst

SEVAN MARINE AS 1389 30 Oil STRONGPOINT ASA 7373 35 Comps

SIEM OFFSHORE INC 1382 30 Oil SUBSEA 7 SA 1389 30 Oil
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Table 15: Overview of the SIC-codes and Fama-French Industry Classifica-
tions (5 of 5)

Company name SIC Fama-French industry

TANKER INVESTMENTS LTD 4400 40 Trans

TARGOVAX ASA 2836 13 Drugs

TEAM TANKERS INTL LTD 4400 40 Trans

TECHSTEP ASA 7372 34 BusSv

TELENOR ASA 4812 32 Telcm

TGS-NOPEC GEOPHYSICAL CO ASA 1382 30 Oil

THE SCOTTISH SALMON CO LTD 2092 2 Food

THIN FILM ELECTRONICS 3670 36 Chips

TIDE ASA 4700 40 Trans

TOMRA SYSTEMS A/S 3559 21 Mach

TOTENS SPAREBANK AS 6020 44 Banks

TRIBONA AB 6500 46 RlEst

TTS GROUP ASA 3530 21 Mach

VEIDEKKE A/S 1500 18 Cnstr

VERIPOS INC 1389 30 Oil

VI(Z)RT LTD 7372 34 BusSv

VOSS VEKSEL OG LANDMANDSBANK 6020 44 Banks

WALLENIUS WILHELMSEN LOGISTI 4731 40 Trans

WEIFA ASA 1382 30 Oil

WENTWORTH INTERNATIONAL GRP 2670 38 Paper

WILH WILHELMSEN HOLDING ASA 4412 40 Trans

WILSON ASA 4412 40 Trans

XXL SPORT & VILLMARK AS 5940 42 Rtail

YARA INTERNATIONAL ASA 2870 14 Chems

ZALARIS ASA 7374 34 BusSv
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D Estimation of Risk Adjustment Residuals

Table 16: Example: Estimation of Residuals for the Consumption Index

1996

Est. Growth 6.14 %

Year Agg. Cons. ND Agg. Cons. SS CPI ND CPI SS Mid-year population Cons. Index Consumption Growth Error Squared error

1988 862.30 2,009.60 63.53 53.50 244,499,000.00 0.90
1989 929.50 2,169.00 66.68 55.97 246,819,000.00 0.99 8.73 % 2.59 % 0.000672831
1990 994.20 2,334.30 70.50 58.47 249,623,000.00 1.07 7.48 % 1.34 % 0.000178612
1991 1,020.30 2,462.70 72.56 60.70 252,981,000.00 1.10 2.92 % -3.22 % 0.001038931
1992 1,055.20 2,652.40 73.61 62.83 256,514,000.00 1.16 6.77 % 0.63 % 3.96209E-05
1993 1,090.80 2,828.70 74.21 65.01 259,919,000.00 1.22 5.66 % -0.48 % 2.29337E-05
1994 1,139.40 2,994.50 74.61 66.76 263,126,000.00 1.28 6.00 % -0.14 % 2.02471E-06
1995 1,179.80 3,168.60 75.39 68.59 266,278,000.00 1.33 5.43 % -0.72 % 5.11767E-05
1996 1,241.40 3,350.40 77.09 70.46 269,394,000.00 1.39 5.98 %
1997 1,291.20 3,554.00 77.90 72.43 272,657,000.00 1.45 5.99 %
1998 1,329.40 3,794.30 77.33 73.92 275,854,000.00 1.53 7.48 %
1999 1,431.20 4,020.30 79.25 75.40 279,040,000.00 1.61 8.00 %
2000 1,540.30 4,339.50 82.65 77.50 282,162,411.00 1.71 9.82 %
2001 1,583.70 4,577.90 83.53 79.88 284,968,955.00 1.76 4.84 %
2002 1,613.20 4,785.50 83.54 81.97 287,625,193.00 1.79 3.74 %
2003 1,704.00 5,044.00 85.26 84.53 290,107,933.00 1.85 6.08 %
2004 1,820.40 5,359.80 88.21 87.06 292,805,298.00 1.93 7.51 %
2005 1,953.10 5,713.80 91.59 89.93 295,516,599.00 2.01 7.90 %
2006 2,079.70 6,068.20 94.44 92.98 298,379,912.00 2.08 6.98 %
2007 2,176.90 6,388.90 97.21 95.98 301,231,207.00 2.13 4.99 %
2008 2,273.40 6,637.90 102.65 98.95 304,093,966.00 2.15 2.39 %
2009 2,175.10 6,648.50 100.00 100.00 306,771,529.00 2.11 -3.89 %
2010 2,292.10 6,839.40 103.09 101.66 309,348,193.00 2.14 3.20 %
2011 2,471.10 7,092.80 109.19 103.52 311,663,358.00 2.19 4.99 %
2012 2,547.20 7,311.50 111.84 105.84 313,998,379.00 2.22 2.32 %
2013 2,592.80 7,526.70 111.95 108.28 316,204,908.00 2.24 2.06 %
2014 2,674.10 7,893.20 112.69 110.93 318,563,456.00 2.29 5.18 %
2015 2,666.00 8,299.10 108.96 113.07 320,896,618.00 2.34 5.35 %
2016 2,710.40 8,699.30 107.80 115.88 323,127,513.00 2.39 5.03 %

SSE 0.002006129
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Table 17: Example: Estimation of Residuals for the Log-Consumption
Growth

1996

Est. Growth 5.552%

Year Cons. Index Log Cons. Growth Innovations Squared Innovations

1988 0.90
1989 0.99 9.21 % 3.66 % 0.001340915
1990 1.07 7.26 % 1.71 % 0.000293281
1991 1.10 2.70 % -2.85 % 0.000814953
1992 1.16 5.99 % 0.44 % 1.93892E-05
1993 1.22 4.75 % -0.80 % 6.43995E-05
1994 1.28 4.80 % -0.75 % 5.69588E-05
1995 1.33 4.15 % -1.40 % 0.00019678
1996 1.39 4.39 %
1997 1.45 4.21 %
1998 1.53 5.01 %
1999 1.61 5.10 %
2000 1.71 5.93 %
2001 1.76 2.79 %
2002 1.79 2.11 %
2003 1.85 3.34 %
2004 1.93 3.97 %
2005 2.01 4.01 %
2006 2.08 3.42 %
2007 2.13 2.37 %
2008 2.15 1.12 %
2009 2.11 -1.82 %
2010 2.14 1.50 %
2011 2.19 2.30 %
2012 2.22 1.05 %
2013 2.24 0.92 %
2014 2.29 2.29 %
2015 2.34 2.31 %
2016 2.39 2.12 %

SSE 0.002786676
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Table 18: Estimation of Residuals for the Optimal Wealth Portfolio

1996

Est. Growth -0.205630%

Year MSCI World Index Returns Innovations Squared Innovations

1988 507.24
1989 517.76 2.05 % 2.26 % 0.000510112
1990 484.85 -6.57 % -6.36 % 0.004049022
1991 506.78 4.42 % 4.63 % 0.002143507
1992 504.20 -0.51 % -0.30 % 9.28843E-06
1993 516.43 2.40 % 2.60 % 0.000677606
1994 523.82 1.42 % 1.63 % 0.000264289
1995 499.99 -4.65 % -4.45 % 0.001979529
1996 535.36 6.84 %
1997 524.45 -2.06 %
1998 514.40 -1.93 %
1999 489.18 -5.03 %
2000 494.99 1.18 %
2001 513.67 3.70 %
2002 495.42 -3.62 %
2003 495.65 0.04 %
2004 506.64 2.19 %
2005 500.95 -1.13 %
2006 486.38 -2.95 %
2007 494.11 1.58 %
2008 497.13 0.61 %
2009 497.83 0.14 %
2010 508.67 2.15 %
2011 537.20 5.46 %
2012 561.12 4.36 %
2013 573.07 2.11 %
2014 567.29 -1.01 %
2015 578.02 1.87 %
2016 603.56 4.32 %

SSE 0.009633354
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E Calculation of One- to Five Year Ahead

Returns

In this section of the appendix, we show an example of the adjusted prices

at each valuation date for ten companies, collected from Datastream as

Table 19: Adjusted Prices from Datastream (first ten companies, in alpha-
betical order)

ABG
SUNDAL
CLI.HLDG.

AF
GRUPPEN
’A’

AGR
GROUP
DEAD -
01/01/15

AKASTOR AKER
AKER
BP

AKER
SOLUTIONS

AKER
BIOMARINE
DEAD -
16/01/13

AKVA
GROUP

ALGETA
DEAD -
24/03/14

30.04.1996 2.68 0 0 0 0 0 0 0 0 0
30.04.1997 1.9 0 0 0 0 0 0 0 0 0
30.04.1998 1.53 6.98 0 0 0 0 0 6.82 0 0
30.04.1999 1.2 6.08 0 0 0 0 0 7.65 0 0
28.04.2000 1.98 7.6 0 0 0 0 0 11.81 0 0
30.04.2001 1.65 5.2 0 0 0 0 0 11.55 0 0
30.04.2002 3.5 7 0 0 0 0 0 9.11 0 0
30.04.2003 2.25 6.4 0 0 0 0 0 6.83 0 0
30.04.2004 6 7.92 0 4.43 0 0 0 7.88 0 0
29.04.2005 5.77 13.65 0 8.75 85.5 0 0 6.02 0 0
28.04.2006 14 20.4 0 23.32 351 0 0 4.84 0 0
30.04.2007 14 23.9 0.59 27.55 376 0 0 9.48 43.63 43.66
30.04.2008 8.09 25.2 0.32 25.32 282 47 0 3.16 28.67 22.66
30.04.2009 5.1 20 0.05 7.84 129 21.24 0 1.05 16.13 23.61
30.04.2010 7.55 37.5 0.17 19.38 155 28.74 0 1.68 17.02 97.61
29.04.2011 6.7 49.1 0.14 24.61 160 29.83 0 2.21 14.51 150.9
30.04.2012 4.45 54.5 0.16 21.61 187 74.35 0 1.21 10.8 135.4
30.04.2013 4.2 59 0.09 17.89 178 73.89 0 1.42 11 195.5
30.04.2014 5.5 76.75 0.06 21.14 201 58.71 0 1.42 14.5 360
30.04.2015 5.4 104 0.29 14.7 169.5 54.95 45.88 1.42 25 360
29.04.2016 5.62 132 0.29 11.2 166 71.9 30.9 1.42 55 360

In addition, we show an example of the returns calculations that these ad-

justed prices enables. In the example, one-, two-, three-, four- and five years

ahead returns for ABG Sundal Collier are marked in bold. These values con-

stitute the one-, two-, three-, four- and five years ahead geometric average

returns for ABG Sundal Collier in the valuation year 1996. As stated in the

main text, the τ -years ahead return is calculated as the geometric average

over the period. In formal notation, the different returns are calculated as

(
Pt+τ
Pt

)1/τ

− 1
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Table 20: Calculation of one year ahead returns (example)

ABG
SUNDAL
CLI.HLDG.

AF
GRUPPEN
’A’

AGR
GROUP
DEAD -
01/01/15

AKASTOR AKER
AKER
BP

AKER
SOLUTIONS

AKER
BIOMARINE
DEAD -
16/01/13

AKVA
GROUP

ALGETA
DEAD -
24/03/14

30.04.1996
30.04.1997 -29.1 %
30.04.1998 -19.5 %
30.04.1999 -21.6 % -12.9 % 12.2 %
28.04.2000 65.0 % 25.0 % 54.4 %
30.04.2001 -16.7 % -31.6 % -2.2 %
30.04.2002 112.1 % 34.6 % -21.1 %
30.04.2003 -35.7 % -8.6 % -25.0 %
30.04.2004 166.7 % 23.8 % 15.4 %
29.04.2005 -3.8 % 72.3 % 97.5 % -23.6 %
28.04.2006 142.6 % 49.5 % 166.5 % 310.5 % -19.6 %
30.04.2007 0.0 % 17.2 % 18.1 % 7.1 % 95.9 %
30.04.2008 -42.2 % 5.4 % -45.8 % -8.1 % -25.0 % -66.7 % -34.3 % -48.1 %
30.04.2009 -37.0 % -20.6 % -84.4 % -69.0 % -54.3 % -54.8 % -66.8 % -43.7 % 4.2 %
30.04.2010 48.0 % 87.5 % 240.0 % 147.2 % 20.2 % 35.3 % 60.0 % 5.5 % 313.4 %
29.04.2011 -11.3 % 30.9 % -17.6 % 27.0 % 3.2 % 3.8 % 31.5 % -14.7 % 54.6 %
30.04.2012 -33.6 % 11.0 % 14.3 % -12.2 % 16.9 % 149.2 % -45.2 % -25.6 % -10.3 %
30.04.2013 -5.6 % 8.3 % -43.8 % -17.2 % -4.8 % -0.6 % 17.4 % 1.9 % 44.4 %
30.04.2014 31.0 % 30.1 % -33.3 % 18.2 % 12.9 % -20.5 % 0.0 % 31.8 % 84.1 %
30.04.2015 -1.8 % 35.5 % 383.3 % -30.5 % -15.7 % -6.4 % 0.0 % 72.4 % 0.0 %
29.04.2016 4.1 % 26.9 % 0.0 % -23.8 % -2.1 % 30.8 % -32.7 % 0.0 % 120.0 % 0.0 %

Table 21: Calculation of two year ahead returns (example)

ABG
SUNDAL
CLI.HLDG.

AF
GRUPPEN
’A’

AGR
GROUP
DEAD -
01/01/15

AKASTOR AKER
AKER
BP

AKER
SOLUTIONS

AKER
BIOMARINE
DEAD -
16/01/13

AKVA
GROUP

ALGETA
DEAD -
24/03/14

30.04.1996
30.04.1997
30.04.1998 -24.4 %
30.04.1999 -20.5 %
28.04.2000 13.8 % 4.3 % 31.6 %
30.04.2001 17.3 % -7.5 % 22.9 %
30.04.2002 33.0 % -4.0 % -12.2 %
30.04.2003 16.8 % 10.9 % -23.1 %
30.04.2004 30.9 % 6.4 % -7.0 %
29.04.2005 60.1 % 46.0 % -6.1 %
28.04.2006 52.8 % 60.5 % 129.4 % -21.6 %
30.04.2007 55.8 % 32.3 % 77.4 % 109.7 % 25.5 %
30.04.2008 -24.0 % 11.1 % 4.2 % -10.4 % -19.2 %
30.04.2009 -39.6 % -8.5 % -70.9 % -46.7 % -41.4 % -66.7 % -39.2 % -26.5 %
30.04.2010 -3.4 % 22.0 % -27.1 % -12.5 % -25.9 % -21.8 % -27.1 % -23.0 % 107.5 %
29.04.2011 14.6 % 56.7 % 67.3 % 77.2 % 11.4 % 18.5 % 45.1 % -5.2 % 152.8 %
30.04.2012 -23.2 % 20.6 % -3.0 % 5.6 % 9.8 % 60.8 % -15.1 % -20.3 % 17.8 %
30.04.2013 -20.8 % 9.6 % -19.8 % -14.7 % 5.5 % 57.4 % -19.8 % -12.9 % 13.8 %
30.04.2014 11.2 % 18.7 % -38.8 % -1.1 % 3.7 % -11.1 % 8.3 % 15.9 % 63.1 %
30.04.2015 13.4 % 32.8 % 79.5 % -9.4 % -2.4 % -13.8 % 0.0 % 50.8 % 35.7 %
29.04.2016 1.1 % 31.1 % 119.8 % -27.2 % -9.1 % 10.7 % 0.0 % 94.8 % 0.0 %
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Table 22: Calculation of three year ahead returns (example

ABG
SUNDAL
CLI.HLDG.

AF
GRUPPEN
’A’

AGR
GROUP
DEAD -
01/01/15

AKASTOR AKER
AKER
BP

AKER
SOLUTIONS

AKER
BIOMARINE
DEAD -
16/01/13

AKVA
GROUP

ALGETA
DEAD -
24/03/14

30.04.1996
30.04.1997
30.04.1998
30.04.1999 -23.5 %
28.04.2000 1.4 %
30.04.2001 2.5 % -9.3 % 19.2 %
30.04.2002 42.9 % 4.8 % 6.0 %
30.04.2003 4.4 % -5.6 % -16.7 %
30.04.2004 53.8 % 15.1 % -12.0 %
29.04.2005 18.1 % 24.9 % -12.9 %
28.04.2006 83.9 % 47.2 % -10.8 %
30.04.2007 32.6 % 44.5 % 83.9 % 6.4 %
30.04.2008 11.9 % 22.7 % 42.5 % 48.9 % -19.3 %
30.04.2009 -28.6 % -0.7 % -30.5 % -28.4 % -39.9 %
30.04.2010 -18.6 % 16.2 % -34.0 % -11.1 % -25.6 % -43.8 % -26.9 % 30.8 %
29.04.2011 -6.1 % 24.9 % -24.1 % -0.9 % -17.2 % -14.1 % -11.2 % -20.3 % 88.1 %
30.04.2012 -4.4 % 39.7 % 47.4 % 40.2 % 13.2 % 51.8 % 4.8 % -12.5 % 79.0 %
30.04.2013 -17.8 % 16.3 % -19.1 % -2.6 % 4.7 % 37.0 % -5.5 % -13.5 % 26.1 %
30.04.2014 -6.4 % 16.1 % -24.6 % -4.9 % 7.9 % 25.3 % -13.7 % 0.0 % 33.6 %
30.04.2015 6.7 % 24.0 % 21.9 % -12.1 % -3.2 % -9.6 % 5.5 % 32.3 % 38.5 %
29.04.2016 10.2 % 30.8 % 47.7 % -14.5 % -2.3 % -0.9 % 0.0 % 71.0 % 22.6 %

Table 23: Calculation of four year ahead returns (example)

ABG
SUNDAL
CLI.HLDG.

AF
GRUPPEN
’A’

AGR
GROUP
DEAD -
01/01/15

AKASTOR AKER
AKER
BP

AKER
SOLUTIONS

AKER
BIOMARINE
DEAD -
16/01/13

AKVA
GROUP

ALGETA
DEAD -
24/03/14

30.04.1996
30.04.1997
30.04.1998
30.04.1999
28.04.2000 -7.3 %
30.04.2001 -3.5 %
30.04.2002 23.0 % 0.1 % 7.5 %
30.04.2003 17.0 % 1.3 % -2.8 %
30.04.2004 31.9 % 1.0 % -9.6 %
29.04.2005 36.7 % 27.3 % -15.0 %
28.04.2006 41.4 % 30.7 % -14.6 %
30.04.2007 57.9 % 39.0 % 8.5 %
30.04.2008 7.8 % 33.6 % 54.6 % -20.4 %
30.04.2009 -3.0 % 10.0 % -2.7 % 10.8 % -35.4 %
30.04.2010 -14.3 % 16.4 % -4.5 % -18.5 % -23.2 %
29.04.2011 -16.8 % 19.7 % -30.2 % -2.8 % -19.2 % -30.5 % -24.1 % 36.3 %
30.04.2012 -13.9 % 21.3 % -15.9 % -3.9 % -9.8 % 12.1 % -21.3 % -21.7 % 56.3 %
30.04.2013 -4.7 % 31.1 % 15.8 % 22.9 % 8.4 % 36.6 % 7.8 % -9.1 % 69.6 %
30.04.2014 -7.6 % 19.6 % -22.9 % 2.2 % 6.7 % 19.6 % -4.1 % -3.9 % 38.6 %
30.04.2015 -5.2 % 20.6 % 20.0 % -12.1 % 1.5 % 16.5 % -10.5 % 14.6 % 24.3 %
29.04.2016 6.0 % 24.8 % 16.0 % -15.2 % -2.9 % -0.8 % 4.1 % 50.2 % 27.7 %
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Table 24: Calculation of five year ahead returns (example)

ABG
SUNDAL
CLI.HLDG.

AF
GRUPPEN
’A’

AGR
GROUP
DEAD -
01/01/15

AKASTOR AKER
AKER
BP

AKER
SOLUTIONS

AKER
BIOMARINE
DEAD -
16/01/13

AKVA
GROUP

ALGETA
DEAD -
24/03/14

30.04.1996
30.04.1997
30.04.1998
30.04.1999
28.04.2000
30.04.2001 -9.2 %
30.04.2002 13.0 %
30.04.2003 8.0 % -1.7 % 0.0 %
30.04.2004 38.0 % 5.4 % 0.6 %
29.04.2005 23.9 % 12.4 % -12.6 %
28.04.2006 53.4 % 31.4 % -16.0 %
30.04.2007 32.0 % 27.8 % 0.8 %
30.04.2008 29.2 % 31.5 % -14.3 %
30.04.2009 -3.2 % 20.4 % 12.1 % -33.2 %
30.04.2010 5.5 % 22.4 % 17.2 % 12.6 % -22.5 %
29.04.2011 -13.7 % 19.2 % 1.1 % -14.5 % -14.5 %
30.04.2012 -20.5 % 17.9 % -23.0 % -4.7 % -13.0 % -33.7 % -24.4 % 25.4 %
30.04.2013 -12.3 % 18.5 % -22.4 % -6.7 % -8.8 % 9.5 % -14.8 % -17.4 % 53.9 %
30.04.2014 1.5 % 30.9 % 3.7 % 21.9 % 9.3 % 22.5 % 6.2 % -2.1 % 72.4 %
30.04.2015 -6.5 % 22.6 % 11.3 % -5.4 % 1.8 % 13.8 % -3.3 % 8.0 % 29.8 %
29.04.2016 -3.5 % 21.9 % 15.7 % -14.6 % 0.7 % 19.2 % -8.5 % 30.5 % 19.0 %
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