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ABSTRACT

APPLICATION OF THE OPTION
PRICING MODEL TO ESTIMATE
EXPECTED STOCK RETURNS

by John M Redmayne
Massey University
2002

This thesis refines and tests an option-based methodology for estimating the
expected rate of return on firms’ equity, being an approach proposed by Hsia
(1991). Hsia’s approach is based on an option-theoretic model of the firm, as
proposed by Merton (1974) and others. Tests of the Hsia approach are thus
joint tests of the Merton model and of the Hsia approach. The Merton
model is successfully fitted in its basic form by solving for firm asset volatility
and, consistent with prior studies, the implied volatlity for firms’ assets is
found, on average, to be higher than that expected from examining historical
equity volatility. The Hsia-based expected excess returns on equity are then
estimated and tested in regressions against realised excess stock returns. The
Hsia-based expected excess returns are found to be only weakly, positively
associated with realised excess returns, and not of statistical significance.
When the sample is split in half on the basis of various option-like
characteristics (such as higher gearing), the Hsia approach is found to work
better for the more option-like sub-sample. This research thus provides some
tentative support for the Hsia approach, but does not provide a clear
conclusion about its ability to explain the variation in realised excess stock
returns. It also provides some ideas and possible directions for further

research into applying the Hsia approach.

i

Application of the OPM to Estimate Expected Stock Returns
Thesis, Master of Business Studies (Finance), Massey University
Copyright © 2002 by John M. Redmayne. All rights reserved.



ACKNOWLEDGMENTS

The author wishes to acknowledge the assistance and support of his
supervisors, Dr Andy Prevost and Mr Chris Malone. In particular the
mvaluable assistance provided by Dr Prevost in obtaining the data to enable

this study to be undertaken on a meaningful sample size.

I would also like to acknowledge the support of my employer,
PricewaterhouseCoopers, in particular Messrs Murray Coppersmith, Roger
France, Eric Lucas and Bruce Wattie who have all encouraged my research

interest in financial economics.

Finally, I must sincerely thank my wife and children for their support,

tolerance and understanding while I have undertaken this research.

Any errors in this thesis are solely the author’s responsibility.

&

Application of the OPM to Estimate Expected Stock Returns
Thesis, Master of Business Studies (Finance), Massey University
J-M. Redmayne © 2002



TABLE OF CONTENTS

IADBERAL o ovinoiioanninnsiasvssapsagonisivenssv s RO RRE SRS iR S i
ROV P IRVEII o ninmncasmsoinesssos s s ss RS S e TR RSSO SERR ARSI i
Table Of CoOBEARE i msmin e eI s iii
LABUOF FIPUITER wasssnunnsinvininusinnssanmsissvssssssassaassnnssessinseanssonssssnesansarasnossnesnennsonnss vi
List Of TabIeE oo e de i s e s pissivan vii
EIORBIIY i wowsswinnsanuesisnsnsssemnisaichsans's swsics s s S aas ss s s duo s wRERESHNSRLERARUNBRARN G cens viii
1 IDEOAUCHION: iiivimisisiimsssrossmussvissississiassrasmmsanssritpsassomssiisasasdannsarbineniranss 1
1.1 Background 1

1.2 Research Aim 3

1.3 Objectives 3

1.4 Research Undertaken 4

1.5 Research Findings 5

1.6 Structure of Thesis 6

2 Literature Review — Theoretical Framework........cccccessucssssnsicasisssnssncase 7
21 The Option-Theoretic View of the Firm 7

2.2 Extensions of the Option-Theoretic Framework 12

23 Crudcism of the Merton Model 14

24 Using the Option Pricing Model to Estimate the Cost of Equity 15
24.1  Rearranging the Model 18
kR D T e S (e B N —————————" 20
3.1 Empirical Tests of the Black-Scholes Option Pricing Model 20
3.1.1  Black and Scholes (1972) 20

3.1.2  Galai (1977) 20

3.1.3  MacBeth and Merville (1979) 21

3.1.4  Bbhattacharya (1980) 22

3.1.5  Rubinstein (1985) 22

31.6  Maybew (1995) 23

3.1.7  Summary on Empirical Tests of the Black-S choles Option Pricing Model 23

s Empirical Tests of the Merton Model 24
3.2.1  Estimation of Credit Spreads 25

3.2.1.1  Jones, Mason and Rosenfeld (1984) 25

3212 Ogden (1987) 27

3213  Sarigand Warga (1989) 29

3214 Fons (1994) 30

32.1.5 Wei and Guo (1997) 31

3.2.1.6  Barth, Landsman and Rendleman (1998) 32

3.2.1.7  Helwege and Turner (1999) 33

3.2.1.8  Anderson and Sundaresan (2000) 34

322  Credit Rating Prediction 35

3221 Trussel (1997) 35

3.2.3  Credit Rating Changes 37

3234 Delianedis and Geske (1999) 37

Application of the OPM to Estimate Expected Stock Returns
Thesis, Master of Business Studies (Finance), Massey University
J-M. Redmayne © 2002



5

3.24  Ex-dividend Stock Price Behaviour
324.1 French, Varson and Moon (1999)
3.25  Market Valnation of Bankrupt Firms
3.2.5.1 Russel, Branch and Torbey (1999)
3.2.6  Bankruptey Prediction
3.26.1 Chartton and Trigeorgis (2000)
3.2.7  Summary of Tests of the Merton Model
&3 Empirical Tests of the Hsia Approach

3.4 Asset Pricing Benchmarks

Data and Methodology .........cccueaienissenseensucseesanns

41 Specifying the Model Parameters

4.1.1  Overview

4.1.2  Company Sample

4.1.3  Market VValue of Equity

4.1.4  Market Value of Debt

4.1.5  Fimns’ Cost of Debt
4.1.5.1 Credit Rating Based Approach
4.1.5.2  Caleulation of Borrowing Margins
4.1.5.3 Risk-Free Rate of Return
4.1.54  Review of Borrowing Margins
4155 Supplementing the Lebman Brothers Non-investinent Grade Bond Indexces
4.1.5.6  Rating Modifiers

4.1.6  Caleulation of Corporate Bond Term

4.2 Running the Model
43 Computing Realised Excess Returns
4.4 Benchmark Data
4.4.1  Beta Estimation
4.4.2  Market VValue of Equity
4.4.3  Book-to-market Ratio
4.4.4  Effect on Final Sample Selection
4.5 Cross-Sectional Regression Equations
4.5.1  Hsia Approach
4.5.2  Fama-French Three Factor Model
4.5.3 CAPM
4.5.4  Economic versus Statistical Significance
4.5.5  Ex_Ante versus Ex Post Returns

Analysis and Resulfs ...cvmmmsssmsamssssomsmsmsessassasmrvesne WS SIS

5.1 Fitting the Merton Model
5.1.1  Role of the Merton model
5.1.2  Descriptive Statistics — The Sample
5.1.3  Descriptive Statistics — Fitting the Merton Model
5.1.3.1  Egquity Valuation Errors
5.1.3.2  Relationship Between Implied and Observed Equity Volatility
5.1.3.3  Fitted Asset Violatility

5.1.4  Risk Neutral Probability of Defanit

5.1.5  Summary on Fitting the Merton Model
52 Applying the Hsia Approach

5.2.1  Descriptive Statistics

iv

38
38
39
39
40
40
41
43
43
45
45
45
47
47
48
50
51
55
2
55
57
58
39
60
61
62
62
63
63
o4
64
64
65
66
66
67
68
68
68
68
70
71
72
74
74
75
7l
77

Application of the OPM to Estimate Expected Stock Returns
Thesis, Master of Business Studies (Finance), Massey University
J-M. Redmayne © 2002



5.2.2  Regression Analysis — Full Sample 79

5.2.3  Regression Analysis — Split Sample 82

5.24  Regression Analysis— By Calendar Month 89
U SO S S—— ST SR SS——  S——_—— 92
6.1 Summary 92
6.1.1  Research Undertaken 92

6.1.2  Research Findings 93

6.2 Limitations 94

6.3 Contribution to the Body of Knowledge 94

6.4 Future Research 95
D TR AN L cinviensesis o s S s TR s S A BT RHERR AL 97
Todek i ’ R . 103
ADPEIIATE B cnvssrmnsrnmmssimars BB TR S RS R ER Se 108
Merrill Lynch High Yield Master II Index 108

v

Application of the OPM to Estimate Expected Stock Returns
Thesis, Master of Business Studies (Finance), Massey University
J-M. Redmayne © 2002



LIST OF FIGURES

Number Page
Figure 1 Credit Spreads by Debt Maturity 11
Figure 2 Long-term Debt to Capital 49
Figure 3 Investment Grade Bond Index Spreads 57
Figure 4 Non-investment Grade Bond Index Spreads 58
Figure 5 Merton Model — Equity Valuation Errors 72
Figure 6 Merton Model — Implied/Historical Equity Volatility 73
Figure 7 Merton Model — Risk Neutral Default Probabilities 75
Figure 8 Hsia-based Expected v. Actual Excess Monthly Stock Returns,
Pooled Data, Low Borrowing Margin 86
Figure 9 Hsia-based Expected v. Actual Excess Monthly Stock Returns,
Pooled Data, High Borrowing Margin 87
vi

Application of the OPM to Estimate Expected Stock Returns
Thesis, Master of Business Studies (Finance), Massey University
J-M. Redmayne © 2002



LIST OF TABLES

Number Page
Table 1 Credit Rating Definitions 53
Table 2 Descriptive Statistics — Sample 69
Table 3 Descriptive Statistics — Fitted Merton Model 70
Table 4 Descriptive Statistics — Hsia Approach s
Table 5 Correlation of Credit Rating and Asset Pricing Variables 78
Table 6 Regression Results — Hsia Approach, CAPM and Fama-French
Factors 80
Table 7 Criteria for Splitting Sample 82
Table 8 Regression Results — Hsia Approach with Split Sample 83
Table 9 Regression Results — Hsia Approach, Trimmed High Borrowing
Margin Sub-sample 88
Table 10 Regression Results — Hsia Approach, by Calendar Month 90
vii

Application of the OPM to Estimate Expected Stock Retumns
Thesis, Master of Business Studies (Finance), Massey University
J-M. Redmayne © 2002



=]

CAPM
CBOE
CBOT

N()
OPM

M < H »a a

GLOSSARY

aggregate annual debt service charges of the firm

value of the firm’s debt

Capital Asset Pricing Model

Chicago Board Options Exchange

Chicago Board of Trade Options Exchange

Merton “quasi” debt-to-firm ratio

debt servicing as a percentage of the value of the firm’s assets
US Federal Reserve Board

yield on the firm’s debt

expected rate of return on the firm’s debt

expected rate of return on the firm’s equity

expected rate of return on the firm’s assets

borrowing margin

instantaneous rate of return on the firm’s assets

Merrill Lynch High Yield Master II corporate bond index
Modigliani and Miller

cumulative probability of the standard normal distribution
Option Pricing Model

risk-free rate of interest

standard deviation of rates of return on the firm’s equity

standard deviation of rates of return on the firm’s assets
value of the firm’s equity

time to maturity

value of the firm’s assets

face value of the firm’s debt, at maturity
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