
Copyright by 

RAYMOND EDWARD SPUDECK 

1983 



AN INVESTIGATION INTO THE RISK PERCEPTIONS OF 

INVESTORS IN THE SECURITIES OF NUCLEAR 

DEPENDENT ELECTRIC UTILITIES 

by 

RAYMOND EDWARD SPUDECK, B.B.A. 

A DISSERTATION 

IN 

FINANCE 

Submitted to the Graduate Faculty 
of Texas Tech University in 

Partial Fulfillment of 
the Requirements for 

the Degree of 

DOCTOR OF BUSINESS ADMINISTRATION 

Afjfiroved 

Accepted 

•August, 1983 



ACKNOWLEDGEMENTS 

To try and acknowledge all who have helped me with this disser

tation and throughout my doctoral program would result in a tome con

siderably longer than the dissertation itself. But the aid of a few 

demands recognition. I am indebted to my committee: Dr. R. Charles 

Moyer, Dr. Timothy Koch, Dr. David Upton, Dr. Robert Chatfield, and 

Dr. Gary Kelley. Professors Moyer and Upton deserve special thanks 

for their unending patience and valuable insights in the preparation 

of this dissertation. Any errors that remain are, of course, the sole 

responsibility of the author. 

My friends also deserve special recognition. As a group, they 

have been loyal and supportive, perhaps even when it was not deserved. 

While my new friends are important, my old friends are very special to 

me. Harry Chapin may have said it best when he wrote that old friends 

are dear because "they can see where you are, and they know where 

you've been." 

Finally, I would like to thank my family. Their support, emo

tional, financial, and spiritual has made the road easy for me. One 

man, however, has served as a support throughout my life, particularly 

through graduate school. If I can achieve in my time a fraction of 

what he believes to be my potential, then perhaps I will have 

accomplished something worthwhile. Thus, it seems only fitting that 

this dissertation be dedicated to that man, my father. Thanks Pop. 

n 



TABLE OF CONTENTS 

ACKNOWLEDGEMENTS i i 

LIST OF TABLES AND LISTS v 

LIST OF FIGURES vi i 

Chapter 

I. INTRODUCTION AND BACKGROUND 1 

Introduction 1 

Chronological Background 3 

Outline of the Dissertation 5 

II. THEORETICAL BACKGROUND 6 

Individual Choice Under Conditions 

of Uncertainty 6 

The Capital Asset Pricing Model 10 

Review of the Literature 14 

Theoretical Shortcomings of the CAPM 15 
Empirical Examinations 

of Return Distributions 17 

A Re-specification of the CAPM 18 

III. NRC ACTIVITY AND CAPITAL MARKET THEORY 22 

Theoretical Discussion 22 

Hypotheses to be Examined 24 

IV. NUCLEAR GENERATION AND THE ACCIDENT AT TMI 28 

Theoretical Discussion 28 

Hypotheses to be Examined 34 

m 



V. EMPIRICAL ANALYSIS OF THE INFLUENCE OF THE 

NRC ORDERED SHUTDOWNS 37 

Review , 37 

Methodology 38 

The Data 39 
Empirical Results 41 

VI. EMPIRICAL EXAMINATION OF THE INFORMATIONAL 
EFFECTS OF TMI 51 

Review 51 

Methodology and Data 52 

Empirical Results , 52 

VII. AN EXTENSION OF THE ANALYSES 63 

Introductory Discussion 63 

NRC Hypothesis 64 

TMI Hypothesis 68 

VIII. SUMMARY AND CONCLUDING REMARKS 72 

Summary of the Research 72 

Implications of the Findings 74 

Limitations of the Research 76 

ENDNOTES 78 

REFERENCES 82 

APPENDIX 

A. THE SAMPLE UTILITIES 85 

B. THE MANN-WHITNEY T AND SPEARMAN'S RHO 95 

C. ESTIMATES OF THE DURATION OF THE INCREASED SYSTEMATIC 
RISK FOR NUCLEAR DEPENDENT ELECTRIC UTILITIES 
FOLLOWING THE ACCIDENT AT THREE MILE ISLAND 98 

iv 



LIST OF TABLES AND LISTS 

Tables Page 

1. Test of the Influence of the NRC on the 
Systematic Risk of Utilities with 
Operating Nuclear Plants in 1979 44 

2. Test of Association Between the Change 
in Systematic Risk and the Amount of 
Nuclear Generation Capacity 46 

3. Test of the Influence of the NRC on the 
Systematic Risk of Utilities with 
Planned Nuclear Construction in 1979 49 

4. Test of the Influence of TMI the Systematic 
Risk of Utilities with Operating Nuclear 
Plants in 1979 54 

5. Test of the Influence of TMI Systematic Risk 
of Utilities with Planned Nuclear Construction 
in 1979 57 

6. The Effect of the Accident at TMI on the 
Systematic Risk of Electric Utilities whose 
Reactors were designed by Babcock-Wilcox 60 

7. The Influence of the NRC Order on 
Utilities with Current and Planned 
Nuclear Generation Facilities 67 

8. The Influence of the Accident at TMI on 
Utilities with Current and Planned 
Nuclear Generation Facilities 70 

9. Sample Companies with Current Nuclear Capacity 87 

10. Sample Companies with Future Nuclear Capacity 88 

11. Sample Companies with Current and Planned 
Nuclear Capacity • 90 

12. Sample Companies for Babcock-Wilcox Test 91 



13. An Estimate of the Influence of the Pennsylvania 
Commission Ruling on those Utilities with only 
Current Operating Nuclear Generation Facilities 
in 1979 102 

14. An Estimate of the Influence of the Pennsylvania 
Commission Ruling on those Utilities with only 
Planned Nuclear Generation Facilities in 1979 104 

15. An Estimate of the Influence of the Pennsylvania 
Commission Ruling on those Utilities with Both 
Operating Nuclear Plants and Additional Planned 
Nuclear Generation Facilities in 1979 105 

LISTS 

1. The Original Utilities 89 

2. Sample Companies with No Nuclear Capacity 86 

VI 



LIST OF FIGURES 

1. Pattern of gp for 1979 for the Hedge 
Portfolio with a Long Position in 
Utilities with Only Operating Nuclear 
Plants 92 

2. Pattern of gp for 1979 for the Hedge 
Portfolio with a Long Position in 
Utilities with Only Planned Nuclear 
Generation Facilities 93 

3. Pattern of Bp for 1979 for the Hedge 
Portfolio with a Long Position in 
Utilities with Current and Planned 
Nuclear Generation Facilities 94 

v n 



CHAPTER I 

INTRODUCTION AND BACKGROUND 

Introduction 

The use of nuclear power plants for the generation of electricity 

is a controversial issue in the United States. Concern about the 

safety of these nuclear reactors is often expressed. Indeed, concern 

about the safety of nuclear power plants has, in recent years, caused 

the federal government and its regulatory agency, the Nuclear 

Regulatory Commission (NRC), to become more stringent in licensing and 

monitoring policies. Further, the much publicized accident at the 

Three Mile Island (TMI) nuclear plant number 2 focused national atten

tion on the nuclear power issue. Among the many questions that arise 

regarding nuclear power, the economic and financial impact of an 

electric utility's commitment to nuclear power generation are 

important. 

Construction of a nuclear power plant requires an electric uti

lity to raise large amounts of funds in the capital markets.1 The 

cost of acquiring these funds is ultimately borne by the ratepayers 

through the rate schedules put in effect. The various regulatory 

agencies set the rate schedules in accordance with expected capital 

1 



costs.2 If, through regulatory dictum or because of an accident, a 

nuclear power plant is no longer able to generate electricity, the 

cash inflows of the utility are lowered, potentially generating nega

tive earnings. Thus, the utility may be less able to service its debt 

obligations or provide returns to the equity holders of the firm. 

Regulatory actions and the accident at Three Mile Island may have 

raised doubts about the future earnings potential of those utilities 

that rely on nuclear power for their electricity production. To com

pensate for this additional uncertainty, new investors may demand 

additional returns on the funds being raised by these utilities. 

Thus, regulatory and policy actions, along with the accident at Three 

Mile Island, may have increased capital costs for nuclear dependent 

electric utilities. This increased capital cost implies increased 

costs that must be paid by the ratepayers of an electric utility that 

uses nuclear powered electricity generation facilities. This disser

tation empirically examines changes in investor's risk perceptions 

regarding the common stocks of electric utilities with varied commit

ments to nuclear powers that resulted from the NRC order and the 

accident at TMI. 

The results of the empirical analysis in this dissertation 

suggest that NRC shutdown and the accident at TMI had different 

effects on the measured systematic risk of different classes of 

electric utility securities. More specifically, the shutdown of 

operating plants by the NRC appears to have increased the systematic 

risk of the common stocks of electric utilities that were currently 



(e.g., in 1979) employing nuclear power generation facilities. 

Conversely, no similar change in systematic risk was evident for the 

common stocks of electric utilities that in 1979 had no nuclear plants 

but had planned and committed funds for nuclear plant construction. 

The accident at TMI is shown to have increased the systematic risk for 

both groups of electric utility stocks. This result is shown to be 

consistent with an equilibrium asset pricing model. The following 

discussion presents a chronological outline of events leading up to 

and including the accident at TMI. An outline of the remainder of the 

dissertation is then presented. 

Chronological Background 

On March 28, 1979 the flow of coolant to Three Mile Island 

nuclear plant number 2 was interrupted. The fuel core overheated, 

stopping just short of a complete meltdown. Radioactive steam was 

released into the surrounding atmosphere, necessitating an evacuation 

of the area around the plant. The costs associated with the accident 

exceeded 700 million dollars.-^ Further, in June 1979, Three Mile 

Island plant number 2 was removed from the rate base of the owners by 

the Pennsylvania Public Utility Commission. Three Mile Island is 

owned by Metropolitan Edison, Pennsylvania Electric, and Jersey 

Central Power, all of which are operating subsidiaries of General 

Public Utilities. Not surprisingly, the accident severely depressed 

the dividends and share price of General Public Utilities. Dividends 



fell from $.45 per share prior to the accident to $.25 per share in 

the last quarters of 1979 and were omitted completely in 1980. GPU's 

stock price fell from $17 7/8 at the close of March 27 to $16 3/4 on 

March 30, at which time trading was temporarily suspended. By May 

1980, the share price of General Public Utilities was in the $5 range. 

The accident at Three Mile Island was also reported to have 

adversely affected share price and capital costs for all electric 

utilities, especially those with a nuclear dependence. Typical of the 

analyses of the time is the following passage from a Salomon Brothers 

Stock Report dated May 2, 1979 (28): 

"As a consequence of negative responses to the Three Mile Island 
("TMI") accident in particular, and nuclear power in general, 
electric utility stock prices dropped 4.1% in April 1979, while 
their industrial counterparts, as measured by the Dow Jones 
Industrial Average or the S&P 400 Index, declined less than 1%. 
The flurry of investor activity seemed to center around specific 
utility companies to the extent that their electric generation or 
construction projects were nuclear-based. The sixteen companies 
(excluding GPU) which had earlier forecasted at least 30% of 
total 1979 electric generation from nuclear plants declined an 
average of 7.5% in price." 

Not incorporated into the analyses of the period was an action by 

the Nuclear Regulatory Commission. On March 15, 1979, almost two 

weeks before the Three Mile Island accident, the Nuclear Regulatory 

Commission ordered five operating nuclear plants to be shut down in 

order to evaluate safety conditions and construction in these pi ants.4 

This action may well have influenced investor perceptions regarding 

the expected earning potential of nuclear dependent electric utilities. 



Outline of the Dissertation 

The remainder of this dissertation is organized in the following 

manner. Chapter II presents a theoretical framework which will be 

used to address the questions presented above. Chapter III addresses 

the question of the influence of the NRC shutdown on the perceived 

risk of different classes of electric utility common stocks. Chapter 

IV addresses the question of the influence of the accident at TMI on 

the perceived risk of different classes of electric utility common 

stocks. Chapter V reports the empirical results of the hypotheses 

presented in Chapter III. Chapter VI reports the empirical results of 

the hypotheses presented in Chapter IV. Finally, Chapter VII offers 

general conclusions and implications for regulatory activity and asset 

pricing models. 



CHAPTER II 

THEORETICAL BACKGROUND 

Individual Choice Under Conditions 
of Uncertainty 

Investors' selection of financial assets, such as common stocks, 

in a world of uncertainty may be thought of as selections among alter

native probabiTity distributions of returns. An individual chooses 

between these alternatives in accordance with a consistent set of pre

ferences. In an axiomatic development of a theory of choice under 

uncertainty. Von Neumann and Morgenstern (35) and later Fama and 

Miller (11), have shown that under reasonable assumptions regarding 

individual preferences, the individual may be described as behaving as 

if he chooses an alternative which maximizes the expected utility of 

returns over his desired holding period. Generally, however, the 

exact form of the individual's utility function is not known, and 

further, comparisons between individual utility functions are 

impossible.5 More often, it is possible to determine only that an 

individual behaves as if his particular utility function is one member 

of a more general class of utility functions.6 To this end, theories 



of decision making under uncertainty have been largely concerned with 

selection models that apply to specific classes of utility functions. 

A valid theoretical development of investor behavior, then, 

should yield an optimal selection rule for the most restrictive class 

of utility functions consistent with observed economic behavior. One 

such class of utility functions would be those that exhibit risk aver

sion. Despite individual differences, this family of utility func

tions implies that investor utility is an increasing function of the 

expected value of alternative return distributions and a decreasing 

function of the dispersion of the return distributions. 

Hanoch and Levy (14) have shown that an optimal rule for the 

restricted class of risk averse utility functions can be found using 

the conditions for second degree stochastic dominance.^ Alternative 

X, with cumulative probability distribution of return Fx(R) will 

stochastically dominate alternative y, with cumulative probability 

distribution Fy(R) if the accumulated area under the cumulative 

distribution of y is greater than the accumulated area for x, below 

any given level of return. More formally, alternative x will exhibit 

second degree stochastic dominance over alternative y if 

/ (Fy(R) - Fx(R)) dR > 0 for all Ri 

and Fy(R) ^ FX(R) for some R. 
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Second degree stochastic dominance is a powerful result. First , i t is 

founded on the basis of expected u t i l i t y maximization. Further, the 

result applies to the entire class of individuals whose u t i l i t y func

tions exhibit risk aversion. And f ina l ly , no limiting restrictions 

concerning the shape of the probability distributions of the al ter

natives are necessary for the selection rule to obtain. All that is 

required is that an individual be able to compare the cumulative pro

babil i ty distributions of the alternatives under consideration.8 

Additional restrictions on the nature of the return distributions 

can result in more simplified operational selection rules. A number 

of studies have suggested ttiat return distributions can be uniquely 

defined by a location parameter *i* and a scale parameter 's ' .9 The 

relationship between expected investor u t i l i t y and these two para

meters may be given as: 

E[U(R)] = /u(R)g(r/As)dr 

= G(r/its) 

and 

8G 9G , , 
" 9 1 = G i ( r ) > 0 , — = G 2 ( s ) < 0 , 

where g{r/is) is a probability distribution completely defined by 

and s. 

An admissable set of alternatives that are in accordance with the 

results of second degree stochastic dominance can be more easily 



obtained if the return distributions can be defined uniquely by loca

tion and scale parameters. For a given value of the location para

meter, alternatives with a larger scale parameter are discarded. 

Alternatively, the admissable set may be found by discarding those 

alternatives that, for a given value of the scale parameter, have 

smaller values of the location parameter. 

A special case of the two parameter distribution occurs when 

alternative distributions have joint normal distributions. In this 

case, Bawa (3) has shown that the optimal selection rule implied by 

second degree stochastic dominance can be parameterized in terms of 

the mean and variance of each alternative distribution. As a result, 

the stochastic dominance criteria are identical to the mean-variance 

selection rules proposed by Markowitz (19) and Tobin (33).10 

The mean-variance selection rules have, in turn, been extended to 

the Capital Asset Pricing Model (Sharpe (32), Lintner (18), and Mossin 

(22)). The Capital Asset Pricing Model (hereafter the CAPM) generates 

an equilibrium relationship between a security's expected rate of 

return and its 'systematic risk.' Systematic risk is that portion of 

the security's total variation of return that is related to movements 

in the economy, and as such cannot be eliminated. 
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The Capital Asset Pricing Model 

The CAPM is dependent on the following assumptions (see Sharpe 

(32)): 

1. Investors are risk averse individuals who maximize the expected 
utility of their end-of-period wealth. 

2. Investors are price takers and have homogeneous expectations 
about asset returns which have a joint normal distribution. 

3. There exists a risk free asset such that investors may borrow or 
lend unlimited amounts at the risk free rate. 

4. The quantities of assets are fixed. Also, all assets are marke
table and divisible. 

5. Asset markets are frictionless and information is costless and 
simultaneously available to all investors. 

6. There are no market imperfections such as taxes, regulations, or 
restrictions on short selling. 

Notice that assumptions 1 and 2 set the CAPM as a special case of the 

second degree stochastic dominance conditions for joint normal distri

butions of returns. Assumptions 2 through 6 provide for the existence 

of a mean-variance efficient market portfolio, where the market port

folio is the market value weighted combination of all risky assets.il 

In conjunction with the third assumption of a risk free asset, the 

other assumptions provide that investors exhibit two fund separation; 

investors maximize their expected utility of return by combining quan

tities of the risk free asset and quantities of the market portfolio 

of risky assets. In an equilibrium market, the expected return on an 

http://assets.il
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individual asset can be given by the rate of return on the risk free 

asset and a proportion of the risk premium of the market portfolio. 

More formal ly. 

E(ri) = rf ^—^ ap., r^ (1) 

where 

E(ri) = the expected rate of return on the ith security 

Tf = the rate of return on the risk free asset 

(̂•"m " ""f) ~ ^^^ expected excess return of the market portfolio 
above the risk free rate 

a'r = the variance of the distribution of returns to the 
^ market portfolio. 

or.> r " ^^^ covariance of security i's returns with those of 
1 ^ the market portfolio 

r * r 
Defining 3= — ^ , the above equation may be rewritten as 

•"m 

E(ri) = rf +3(E(rm - rf)). (2) 

The expected return on a security, then, is an additive function 

ot" the return on the risk free asset and some proportion (3) of the 

excess return on the market portfolio above the risk free rate of 

return. 3is the measure of the expected change in the individual 

security's return distribution for a given change in the return 

distribution of the market portfolio (aj. ,« ), scaled by the disper-
i m 

sion of the distribution of returns to the market portfolio ^ 2p ̂  
m 
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Thus, 3 is a measure of the systematic risk associated with the indivi

dual security (the systematic risk is also referred to as covariance 

risk). Clearly, as the standardized covariance of the ith security 

with the market portfolio increases, the level of systematic risk (3) 

increases, and the expected return to the ith security increases to 

compensate the investors for assuming the additional risk. 

For example, assume that expectations about the return distribu

tion of the market portfolio are correct. Let new information become 

available to market participants that serves to increase the uncer

tainty about the distribution of returns to the ith security, leaving 

unchanged the expected outcome. The dispersion of the distribution 

about the expected outcome is now wider; thus risk, in the traditional 

sense, has increased. The adjustment mechanism of the CAPM to this 

information can be shown mathematically by borrowing the mean pre

serving 'spread' concept of Sandmo (31), The adjusted return to the 

ith security, r-j, can be rewritten as a function of a multiplicative 

shift parameter, y, and an additive shift parameter, Q, in the 

following form: 

n = yri + 0 , (3) 

Increasing the multiplicative shift parameter alone would cause 

the expected value of the distribution to increase along with the 

dispersion. The additive parameter is also included so that changes 
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in the parameters can cause an increase (decrease) in the distribution 

leaving the expected outcome unchanged. Mathematically, the restric

tive condition is given by 

30 

From the example above, the effect of the information would be to 

increase Y( Y> 1) and decrease 0 ( 0 < 0), thus causing the distribution 

of returns to the ith security to be stretched. Rewriting the syste

matic risk measure, 3 , to incorporate the relationship given in (3) 

results in the following formulation.12 

6 = ^^°M'-J (4) 

m 

Notice that 3 is functionally related to the multiplicative shift 

parameter y As y increases, the dispersion about the expected value 

of the ex ante distribution of return to the ith security increases 

affecting the ex ante covariance structure and finally increasing 3, 

The ex ante 3 then should increase (decrease) as information 

becomes available that increases (decreases) the dispersion of the ex 

ante return distribution. Further, under the assumptions of the CAPM, 

the formation of return expectations is not an independent process. 

Instead, the formation of return expectations is stochastically subor

dinate to the injection of new information to market participants.13 

Thus, if information affecting ex ante distributions can be defined 
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over time as a random process, an inverse relationship would be 

expected between the length of measured holding periods and the 

observed variation of the systematic risk measure 3̂ '.14 

In summary, the release of information to market participants can 

affect the systematic risk measure, 3, of an individual security if 

the information has an effect on the ex ante distribution of returns 

to that security. This occurs through changes in the ex ante 

covariance structure implied in equation 4. The following discussion 

reviews the literature relevant to the CAPM. After examination of 

theoretical considerations, supported by empirical investigation, an 

alternative specification of the model is presented. The model pre

sented is shown to be more general than the traditional CAPM. 

Further, the CAPM is shown to be a special case of this more general 

specification. 

Review of the Literature 

The copious volume of literature regarding the CAPM prohibits a 

complete review of empirical work. Instead, this literature review 

will be constrained to research that either offers critiques of the 

model or offers alternative specifications of the CAPM to allow for 

the non-compliance of observed economic phenomena with the theoretical 

assumptions of the model. An understanding of the potential deficien

cies of the CAPM is necessary before the model or any of its variants 

is incorporated into an empirical methodology. 
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Theoretical Shortcomings of the CAPM 

Perhaps the most thorough critique of the CAPM was presented by 

Roll (27). In his study, a number of potential deficiencies in the 

CAPM were postulated, and are now summarized. In i t ia l ly , the frame

work of the CAPM assumes that individuals regard investment portfolios 

that are mean-variance efficient as optimal. Thus, individual ut i l i ty 

maximizing behavior in the CAPM is a direct result of the assumptions 

of the model (particularly assumption 2 above). From earlier 

discussion however, i t is clear that in general decision making theory 

mean-variance efficient portfolios are optimal for individuals only i f 

security returns are joint-normally distributed. Otherwise, mean-

variance efficiency constitutes neither a necessary nor sufficient 

condition for an optimal selection criterion. As a result, i f 

security returns are not joint-normally distributed, the CAPM does not 

provide an optimal selection rule. 

Further, the two-fund version of the CAPM suggests that the 

returns to a single security (or a portfolio of securities) can be 

expressed as a linear combination of the returns to a risk free asset 

and the returns to the market portfolio (see equation 2 above). The 

market portfolio is the value-weighted combination of aJM[ assets; thus 

the market portfolio contains all financial assets as well as real 

assets and human capital.15 The two-fund separation described by the 

CAPM obtains as a result of the assumption that the market portfolio 

just described is ex ante mean-variance efficient. So again, the 
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validity of the CAPM rests on the validity of the assumption of joint 

normality and the assumption of homogeneous expectations. If the 

market portfolio is not mean-variance efficient, the results of the 

CAPM are not correct as an optimal selection rule. 

In addition, for the CAPM to be appropriate, the market portfolio 

must be identifiable. That is, the return distribution to every 

asset, real and financial, must be measurable. Further, the assets 

themselves must conform to the assumptions listed earlier. In appli

cation, tests of the CAPM rely on the use of proxy measures (such as 

the Standard and Poor's 500, etc.) for the market portfolio. The 

rationale is that while these proxies are not identical to the market 

portfolio, they should be highly correlated with the true unobservable 

market portfolio distribution. Roll has shown that, by using any 

index, an ex post mean-variance efficient set can always be 

constructed. As such, the linear relationship of the CAPM can always 

obtain, whether or not the CAPM is a correct theoretical description 

of individual selection behavior under uncertainty.16 

From this discussion, it is clear that tests of the legitimacy of 

the CAPM are difficult if not indeed impossible. Roll has taken this 

proposition one step further by suggesting that the only valid test 

implied by the CAPM is a test of the ex ante mean-variance efficiency 

of the market portfolio. If the test could support the assumptions, 

the rest of the theory follows. 
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When applied to equity securities, the theoretical distributions 

of assets clearly do not conform to CAPM theory. Due to the limited 

liability of ownership in the corporate structure, an individual can

not lose more than his or her original investment. Thus, the distri

butions of equity returns have a definite lower bound at -100%. The 

common circumvention of this fact is application of the CAPM has been 

to suggest that the definite lower bound is so far out in the lower 

tail of the 'usual' security distribution that these distributions may 

not differ statistically from the normal distribution. A more 

reasonable theoretical form of security return distributions may be 

that these distributions are not symmetrical, but rather are posi

tively skewed.17 

Empirical Examinations of 
Return Distributions 

In examinations of ex post return distributions, Arditti (1), 

Francis (13), and McEnally (20) all found some evidence of positive 

skewness in monthly return distributions of individual securities, 

although complete agreement of the exact magnitude of the skewness was 

not found. In a separate study, Upton and Shannon (34) support the 

assumption of log-normality (implying positive skewness) for quar

terly, semi-annual, and annual investment horizons for individual 

security return distributions. There was some question, however, con

cerning the validity of the log-normal assumption when return distri

butions were measured over monthly horizons.18 
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In empirical examinations of portfolio returns, the results are 

similar. Kraus and Litzenberger (17), testing a three parameter 

pricing model, suggest that the market index used exhibited positive 

skewness. Further, the market price of this skewness was negative and 

statistically significant.19 upton and Shannon (34) suggest that the 

assumption of log-normality seems reasonable for portfolio returns 

measured over monthly, as well as quarterly, semi-annual, and annual 

horizons. 

While no clear consensus exists regarding the actual distribution 

of security and portfolio returns, there is strong evidence to suggest 

that the assumption of joint-normality is not valid. The validity of 

applying the standard CAPM comes into serious question in light of the 

evidence reported. Fortunately, an alternative specification of the 

CAPM exists which, while correctly founded in expected utility maximi

zation, does not require the joint-normal assumption, 

A Re-specification of the CAPM 

Often overlooked in his seminal work, Markowitz (19) suggested 

that risk averse individuals would rank alternatives according to 

their expected value (mean) and the dispersion of the distribution 

below some target level of return, h (semivariance). In a later 

study, Bawa (3) introduced the idea of the lower partial moment 

(similar to semi variance, except that it can be applied to nonsym-

metric distributions). Bawa also showed that incorporating a mean-
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lower partial moment (EL) portfolio selection rule into the stochastic 

dominance conditions is , at least in theory, superior to the mean-

variance (EV) rule of the CAPM. The basis for this superiority is 

that while the EL rule can be derived from stochastic dominance cr i 

terion under more general assumptions regarding return distributions 

and individual ut i l i ty functions, the EV rule obtains only under the 

very restrictive assumptions discussed earlier, especially assumption 

2 concerning the joint normality of return distributions. 

More recently, Bawa and Lindenberg (4) developed the mean-lower 

partial moment capital asset pricing model (EL-CAPM).20 in terms of 

the original CAPM, two fund separation s t i l l results, and the return 

to a security (or a portfolio) is s t i l l related to the market port

folio return by a standardized measure of covariation (akin to3 ) . 

However, the ex ante distribution of the market portfolio and security 

distributions need not be joint-normal. Further, i t is not necessary 

to assume that the market portfolio be ex ante mean-variance 

efficient.21 Thus, many of the criticisms of the traditional CAPM are 

removed by this alternative specification of the selection rule. The 

problem of measuring the market portfolio does s t i l l remain, as does 

the problem of selecting an appropriate surrogate measure for the risk 

free asset.22 

The equilibrium relationship of the EL-CAPM may be given as: 

CLPMRf(Rn,,Ri) 
E(Ri) = Rf + (E(Rm.Rf)) • LPHRf(Rn,) (5) 
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where 

E(Ri) = the equilibrium expected return for the ith security 

E(Rni) = the equilibrium expected return for the market port
folio 

•-̂ R̂fCRm) = the lower partial moment of returns on the market 
' portfolio below the risk free return 

Rf 
= ^ (Rm - Rf)2f(Rm)dRm. and ; 

• 00 

^̂ R'*̂ R̂ (Rm9Ri) = the co-lower partial moment below the risk free 
' return of returns to the market portfolio with the 

returns to the ith security 

+ » Rf 
= / / (Rm - Rf)(Ri - Rf)f(Ri.Rm)dRmdRi 

— OO _ 00 

where f(Rn,,Ri) is the joint probability distribution 
function of returns to security i and the market 
portfolio 

In the EL-CAPM, CLPM/LPM replaces 3 from the traditional CAPM as 

the measure of systematic risk. From its theoretical development, 

CLPM/LPM is a more general measure. Further, if returns are in fact 

joint-normally distributed, Bawa and Lindenberg (4) and Price and 

Nantell (24) both conclude that CLPM/LPM is equivalent to 3 . However, 

in the absence of joint-normality, CLPM/LPM should be a superior 

measure of systematic risk. The superiority of the EL-CAPM results 

from the lack of assumptions that must be made. No a priori assump

tion about the joint probability density function of returns is 

necessary. Further, the lower partial moment definition of risk 
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implicitly considers the effect of higher moments of the returns 

distributions such as skewness and kurtoris on the systematic risk of 

a security. The studies outlined earlier in discussion suggest that 

when considered explicitly, these higher moments of the distribution 

can have an effect on systematic risk that is not incorporated in the 

EV-CAPM. In an especially relevant study. Price, Price and Nantell 

(25) have shown that if returns are lognormally distributed, the tra

ditional CAPM systematically underestimates (overestimates) systematic 

risk for securities of less (greater) than 'average' systematic risk. 

The following chapters incorporate the results of the EL-CAPM to 

address the questions raised in the introduction of this dissertation. 

More specifically. Chapter 3 analyzes the effects of the NRC shut down 

of operating plants prior to the accident at TMI on the systematic 

risk of selected electric utility securities. Chapter 4 analyzes the 

effect of the accident at TMI on the systematic risk of selected 

electric utility securities. 



CHAPTER III 

NRC ACTIVITY AND CAPITAL MARKET THEORY 

Theoretical Discussion 

Earlier, the actions of the Nuclear Regulatory Commission (NRC) 

were outlined. In this chapter links between the information 

available from NRC activity and the systematic risk measures of the 

common stocks of electric utilities employing nuclear generation are 

presented. Essential to the discussion below is the fact that, due to 

regulatory franchising agreements, electric utilities are required to 

continue to provide electricity on demand to their customers.23 Thus, 

unlike firms in a competitive market, utilities are not allowed the 

option of ceasing or reducing production when operating conditions 

become unfavorable (except possibly the sale of excess production to 

other electric utilities). 

Taking a nuclear generating plant out of operation can create 

additional costs to the operating utility. Initially, the utility may 

have to absorb the cost of physically shutting down the nuclear 

pi ant.24 The existence of the regulatory franchising agreements men

tioned above can reduce the earnings generated by the utility. Upon 

22 
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closing a nuclear plant, the operating utilities must continue to pro

vide electricity to their customers as demanded. With the nuclear 

plant out of operation, the utilities must either increase production 

at other, conventionally powered generating plants or purchase power 

from another utility. Increasing the production at other plants may 

cause operating costs to increase, which, for a fixed rate schedule, 

implies reduced earnings available to stockholders for the period of 

time during which the nuclear plant is out of operation.25 Alter

natively, the affected utilities may purchase power from another 

utility for transmission to their own customers. However, regulatory 

statute prohibits utilities from earning any revenues above costs on 

the resale of purchased power.26 The result again is a reduction of 

earnings available to common stockholders for the period of time 

during which the nuclear plant is out of operation. 

Additionally, the NRC ordered shutdowns may also have provided 

investors with new information regarding previously unforeseen costs 

to operating utilities. One of the reasons given for closing the 

nuclear plants in the March 15 order was to reevaluate safety stan

dards. Thus, a possibility existed that some (or all) operating 

nuclear plants may have required modification and/or retrofitting to 

comply with these standards. 

Finally, the effect on individual utilities of taking a nuclear 

plant out of operation is related to the composition of the utility's 

generating facilities. If, for example, a utility derived all of its 
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generation from nuclear plants, a shut down would require the utility 

to purchase all of the electricity demanded by its customers. 

Earnings to the stockholders of that utility would be severely dimin

ished or nonexistent.27 if, alternatively, a utility derived only a 

very small fraction of its total generation capacity from a nuclear 

plant, a shut down of the plant would not have as pronounced an effect 

on the earnings of the utility. The amount of additional electricity 

represented by the production from the nuclear plant can be acquired 

by additional production from the other generating facilities or by 

acquiring purchased power. While the earnings of the utility would 

still be lower, the final effect would not be as severe. 

Hypotheses to be Examined 

In summary, once the information about the NRC ordered shut downs 

described above becomes available to market participants, the uncer

tainty of nuclear reliant electric utilities' future returns should 

Increase. This increase translates into an increase in ex ante cumu

lative probability distribution of returns below some pre-specified 

level. In terms of the EL-CAPM, the systematic risk measure, 6 L , 

should increase for the securities of utilities that employ nuclear 

generation facilities. Defining the systematic risk measure for the 

group of nuclear reliant utilities before the availability of the 

information as 3n (from the EL-CAPM model in Chapter 2), and the 
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systematic risk measure of this group after the dissemination of the 

information as 3n*, this hypothesis may be written as: 

Ho: n̂ = ^n* 

" i : n̂ < ^n* 

Additionally, from the discussion above, the increase in systema

tic risk for an electric utility should be functionally related to the 

degree of reliance upon nuclear generation facilities. At one 

extreme, the securities of electric utilities that rely exclusively on 

nuclear generation should experience the largest change in systematic 

risk. Conversely, for those utilities that possess substantial diver

sification with respect to the fuel sources of their generating 

plants, the increase in systematic risk should be progressively 

smaller. Functionally, 

+ 
A3 = f (degree of nuclear reliance) 

where A3 is the change in the systematic risk measure of an individual 

electric utility overtime and the expected direction of influence is 

given by the sign above the parenthetical expression. 

An additional hypothesis, not apparent in the discussion above 

may also be examined. A number of electric utilities have no current 

nuclear generation capacity, but have planned and committed funds for 

the development of nuclear generation in the future.28 The actions of 
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the Congress and the NRC may also have an influence on this last cate

gory of electric u t i l i t i es . If investors perceive these actions as 

marking a permanent change in regulatory philosophy, they may perceive 

these ut i l i t ies with proposed nuclear capacity as having increased 

systematic risk, following the arguments presented above. If the 

changes are anticipated to be relatively short-lived, however, 

investors may not perceive any changes in the systematic risk of this 

last category of ut i l i t ies as the influence of the federal actions 

will have been removed by the time a proposed nuclear plant is 

actually put into operation. And, f inally, there may be no reaction 

because i t would be less costly to make necessary modifications to a 

plant not yet built or under construction than to modify an existing, 

operating plant. Defining 3pn as the aggregate systematic risk 

measure for the group of electric ut i l i t ies with proposed nuclear 

construction prior to the availability of the information concerning 

the NRC, and 3pn as the systematic risk measure for this same group 

after the information becomes available, investor expectations may be 

tested by the following hypothesis: 

^0'- 3pn = 3pn 

Hi: 3pn < 3pn 

Failure to reject the null hypothesis would suggest that investors 

viewed these actions as being relatively short-lived. On the other 
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hand, rejection of the null hypothesis would suggest that investors 

viewed these actions as representing a more permanent philosophy of 

regulatory stringency regarding the operation of nuclear generation 

plants. 

The following chapter examines the influence of the accident at 

TMI on the risk perceptions of investors in nuclear dependent electric 

utilities. The expected influence is discussed within the framework 

of the mean-lower partial moment CAPM. After discussion, testable 

hypotheses are presented. 



CHAPTER IV 

NUCLEAR GENERATION AND THE ACCIDENT AT TMI 

Theoretical Discussion 

In contrast to the actions of the NRC, the informational effects 

of the accident at the Three Mile Island nuclear plant number 2 (TMI) 

may not be so clear. From the discussion in Chapter II, new 

information must alter ex ante return distributions in order to alter 

systematic risk measures. If new information does not affect ex ante 

distributions, the systematic risk measure of the EL-CAPM, 3j_, should 

remain unchanged. 

Intuitively, the accident at TMI may be viewed as unsystematic 

risk within traditional definitions. The accident occurred at only 

one plant, and cannot be related to comovements of individual security 

and market portfolio return distributions. Indeed, results by Pettway 

(23) support such a conclusion based on the framework of the 

traditional CAPM. The results should be viewed with some caution, 

however, because of potential problems of modeling and defining 

appropriate holding period returns.29 The portfolio was constructed 

using long positions held in a number of shares of electric utilities. 

28 
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Thus, hypothesized changes in portfolio 3 could have been masked by 

changes occurring as the result of differing return movements of the 

other securities in the portfolio. Further, weekly data are used. 

Finally, the events prior to the accident at TMI were not incorporated 

into the analysis. If however, the intuitive conclusion is correct, 

no change in systematic risk measures for nuclear dependent electric 

utilities should be expected or observed when correctly modeled and 

estimated. 

The issue of determining the informational effects of the 

accident at TMI may not conform to simple intuition, A more complete 

specification of investors' formation of expectations is needed. The 

general problem being considered by the potential investor in the 

common stocks of nuclear dependent electric utilities is to determine 

the probability of a catastrophic event such as a core melt down 

occurring (risk determination, see Rowe (28)), and the consequences of 

such an event on the return stream from the utility to the common 

stockholder (risk evaluation, see Rowe (28)), 

Risk determination is complicated by a lack of historical data 

regarding nuclear power plant accidents. Thus, traditional 

statistical techniques would seem inappropriate, A substantial body 

of literature has addressed this problem. Briefly summarizing, the 

resulting consensus estimation is based on subjective estimation, 

whether an information theoretic model (see Sampson and Smith (30)) or 

a Bayesian adjustment process (see Bordley and Wolff (6), Morris (21), 
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or Winkler (36)) is chosen. If, however, new information becomes 

available that suggests previous judgments may be in error, the 

consensus estimation will adjust to reflect the new information. 

Intuitively, this adjustment process may be viewed by considering the 

surprise of witnessing an event occurring which had a prior subjective 

probability of 0, and the lack of surprise of witnessing an event 

which had a prior subjective probability of 1. 

With respect to the focus of this dissertation, the second part 

of the decision process, risk evaluation, is of more concern. The 

issues to address are whether or not the information available from 

the accident at TMI (i) caused a revision in the consensus probabilty 

of a nuclear accident, and (ii) if a revision occurred, should the 

systematic risk adjust to incorporate the new information in the 

context of the EL-CAPM. Previous estimates of the probability of a 

nuclear accident were such that actually witnessing such an event 

would be highly unexpected.30 Estimates of this probability were in 

the range of 4.7 x 10-^ per year from the NRC to an estimate of 8 x 

10"6 per year from a National Science Foundation project. The 

following analysis, then, assumes that after the accident at TMI, 

consensus probabilty estimates of such an event would have increased 

dramatically.31 Thus, the issue of concern is the adjustment process, 

if any, of investors' systematic risk perceptions after TMI. 

Recalling discussion of the EL-CAPM in Chapter II, the evaluation 

and selection process of alternative investments relies on the 
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cumulative probability distributions of returns to a security and the 

cumulative probability distribution of returns to the market portfolio 

below some target level of return (the risk free rate in this case). 

The following model assumes that expectations about the return 

distribution of the market portfolio are unchanged after the accident 

at TMI. The total cumulative probability distribution to the common 

stock of a nuclear dependent electric utility could then be written 

as: 

E(F(X)) = [F'(X)(l-Pc)] + [G(X)Pc] (6) 

where 

E(F(X)) = expected cumulative probability distribution 
(c.p.d.) of the individual security 

F'(X) = c.p.d. of returns to the security in the 
absence of a nuclear accident 

G(X) = c.p.d. of returns to the security should a 
nuclear accident occur, and 

Pc = the probability of a nuclear accident 
occurring. 

The second expression on the right hand side of the equation 

above, (G(X)Pc), may be thought of as the unsystematic risk component 

of the total return distribution that results from the uti l i ty 

operating a nuclear power plant. In this framework, then, the 

consequence to an investor of bearing unsystematic risk is now, in 

addition to the percentage of total wealth invested in the individual 

security, functionally related to the probability that the event will 
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occur (P(.) and the consequences to expected returns if the event 

occurs (G(X)). Clearly, in keeping with the tenets of the EL-CAPM, 

the more fully diversified investor will not extract as large a 

premium for accepting the risk (G(X)Pc) as would a less diversified 

investor. In the limit then, (G(X)P^.) would be of trivial concern in 

an environment where systematic risk is the only risk of relevance. 

Notice, however, that prior to the accident at TMI, the 

unsystematic risk of operating a nuclear power plant could only be 

estimated subjectively, either by aggregation of all individual 

estimates or by combining expert judgments. Further, the parameters 

of G(X) were unknown; no utility had ever experienced a nuclear 

accident of the severity of TMI.32 All that could be said about G(X) 

is that it should be stochastically subordinate to F'(X) in equation 

(6). The information from the accident at TMI may have served to 

alter the consensus estimates of the probability of a nuclear accident 

(Pc) occurring; the event may now be viewed as being more likely than 

previously determined. Additionally, in the days following the 

accident at TMI, the market performance of the parent company owning 

the reactor. General Public Utilities, may have provided investors 

with revised estimates of the parameters of the distribution G(X) and 

its degree of subordination to F'(X). 

The result well may be an expected increase in the systematic 

risk measure, 3 , of nuclear dependent electric utilities as a result 

of the accident at TMI. Increasing estimates of P^ or lowering 
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estimates of G(X) in equation (6) clearly would cause the overall 

expected cumulative probability distribution of returns to reflect a 

higher probability of lower returns. Thus, in the framework of the 

EL-CAPM, described in Chapter 2, equation (5) the lower partial moment 

RF 
of returns to the security below the risk free rate, / Rp - R^, 

• 00 

should increase. Invoking the earlier assumption of no expected 

change to the distribution of returns for the market portfolio, the 

remaining components of the systematic risk measure, -3^, are 

unchanged. The result is that 3^ for nuclear dependent electric 

utilities should be higher after the accident at TMI than was the case 

prior to the accident; the change reflecting the new information 

available from the accident. Preliminary support for this assertion 

may be inferred from a study by Brooks and D'Souza (8), who concluded 

initially that the accident at TMI caused investors to associate a 

decline in future profitability, hence more risk, with nuclear 

dependent utilities. The study did not, however, examine the effects 

of the accident on systematic risk perceptions. In a more recent 

study, Bowen, Castanias and Daly (7) applied the market model to daily 

return data to examine intra-industry effects resulting from the 

accident at TMI. Their results suggest that post-TMI betas increased 

relative to pre-TMI betas for a broad group of electric utilities, 

some with operating nuclear plants and others with planned nuclear 

capacity. 

Finally, in contrast to the NRC ordered shut downs described 

earlier, the informational effects of the accident at TMI, if any. 
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should also influence the systematic risk measure of the common stocks 

of those electric utilities that had no current nuclear generation 

facilities but had planned and committed funds for construction of 

nuclear plants. Barring major new technological breakthroughs in 

reactor safety, the future plants would be subject to the same 

technological risks as those plants currently in use. Thus, if syste

matic risk measures increased for the common stocks of those utilities 

with operating nuclear plants, a similar increase would be expected 

for those utilities with proposed nuclear construction. 

Hypotheses to be Examined 

Insights into the informational effects of the accident at TMI 

may be gained by testing two relatively simple hypotheses. Let 3^ be 

the systematic risk measure for the common stocks of electric 

utilities with current nuclear generation facilities that prevailed 

prior to the accident at TMI. Let 3i be the systematic risk measure 

for the same group of securities that prevailed after the accident. 

The first hypothesis to test may then be written as: 

"O: 3i = 3{ . 
for all 1 

"i: 3i < 3( 

Failure to reject the null hypothesis would suggest that the accident 

at TMI, as intuition suggests and as Pettway (23) concludes, had no 

influence on the systematic risk of the common stocks of these 
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utilities. Conversely, rejection of the null hypothesis would 

suggest, as presented above, that the accident at TMI did provide 

relevant new information to investors regarding the operation of 

nuclear generating facilities. 

The second hypothesis concerns the influence of the TMI accident 

on the systematic risk measure of the common stocks of those utilities 

with planned but no current nuclear generation facilities. Let 3pj be 

the systematic risk measure for these securities that prevailed prior 

to the accident, and 3pj be the systematic risk measure for these 

securities that prevailed after the accident. The second TMI related 

hypothesis to test may then be written as: 

"O: ^pj =^pj . .. . 
for all J 

Hi: 3pj <3pj . 

As above, failure to reject the null hypothesis would suggest the TMI 

accident had no effect on systematic risk perceptions. Conversely, 

rejection of the null hypothesis would suggest that the accident 

caused an upward revision in systematic risk perceptions. 

Finally, the accident at TMI may have provided more specific 

information to investors than was presented above. TMI plant number 2 

was designed by the Babcock-Wilcox engineering firm, who also designed 

a number of other nuclear generating plants.33 initially, the 

accident at TMI may have given investors cause to doubt the quality of 

the Babcock-Wilcox plants, thereby increasing the subjective 
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probability of another accident like TMI occurring at other 

Babcock-Wilcox designed plants. I f this was the case, an upward shift 

in the measure of systematic risk could be expected for those nuclear 

dependent u t i l i t i e s whose plants were designed by Babcock-Wilcox again 

applying the relationship given in equation 5 of Chapter I I . To test 

this proposition, let 3Bwn be the systematic risk measure for electric 

u t i l i t i e s with Babcock-Wilcox designed plants that prevailed before 

the accident at TMI. Let ^^^in' be the systematic risk measure for the 

same group of u t i l i t i e s that prevailed after the accident at TMI. The 

hypothesis above may then be expressed as: 

Ho: 3Bwn = 3Bwn' 

Hi: 3Bwn < 3Bwn' 

Rejection of the null hypothesis would suggest that the TMI accident 

increased the systematic risk of the electric u t i l i t i es that operated 

Babcock-Wilcox designed nuclear generating plants. 

The following two chapters presents empirical examinations of the 

hypotheses developed in Chapter I I I and IV. 



CHAPTER V 

EMPIRICAL ANALYSIS OF THE INFLUENCE OF 
THE NRC ORDERED SHUT DOWNS 

Review 

Recalling the discussion from Chapter III, the NRC ordered shut 

down of several operating nuclear plants on March 15, 1979 was 

hypothesized to have altered the systematic risk of several types of 

electric utiTity common stocks. Briefly summarizing, the systematic 

risk of the common stocks of electric utilities operating nuclear 

plants in 1979 would be expected to increase. Additionally, a 

positive relationship was hypothesized between this change in 

systematic risk and the percentage of total generation facilities the 

utility had that was nuclear powered. Finally, the result of the NRC 

shut down on the systematic risk of the common stock of electric 

utilities with no current nuclear generation facilities but with 

planned facilities was shown to be ambiguous a priori. This chapter 

presents an empirical examination of these hypotheses. 

37 
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Methodology 

In this dissertation, a methodology similar to that proposed by 

Clarke (9) will be employed. That is, for each hypothesis to be 

explored, a hedge portfolio is constructed. Then, the behavior of the 

systematic risk measure of the portfolio is examined. A major advan

tage of using this model is that relative changes in systematic risk 

may be examined without the potential bias of industry wide 

influences. Each hedge portfolio is constructed such that the common 

stocks of a priori affected electric utilities are held in a long 

position with a corresponding short position being held in the common 

stocks of a priori unaffected electric utilities. Both long and short 

positions are constructed using market value weightings from December 

31, 1978. By constructing the hedge portfolio in the manner 

described, a clear expected direction of movement for the systematic 

risk measure of the portfolio is obtained for each hypothesis tested. 

Initially, if there were no difference in systematic risk between the 

common stocks held in the long and short positions, the expected value 

of the systematic risk measure for the portfolio is zero.34 if the 

informational effects of the events described earlier are such that 

the systematic risk of the a priori affected utilities should 

increase, the systematic risk measure of the portfolio should 

increase. Finally, the use of these constructed portfolios should add 

stability to the estimated systematic risk measure, which is of some 

importance especially when using daily return data, as described below. 
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The Data 

Recalling the formulation of the systematic risk measure, , of 

the EL-CAPM from Chapter II, estimation of this parameter requires 

knowledge of the return to the individual security, the return to the 

market portfolio, and the risk free rate of interest. Obviously, the 

composition of true market portfolio is unknown; acknowledging the 

problems of surrogate measures outlined by Roll (27) but still 

requiring some sort of measure, the Standard and Poor's 500 Index 

return will be used as a surrogate measure of the observed return to 

the market portfolio. As a measure of the risk free rate, the bond 

equivalent yield of a newly issued Treasury bill, obtained from 

various market quotes appearing in the Wall Street Journal is used.35 

Finally, the return to each security in the sample was calculated, 

including dividends, from data published in Standard and Poor's Daily 

Stock Price Record: New York Stock Exchange. Because of the rela

tively short lapses of time between the NRC ordered shut downs and the 

accident at TMI (9 trading days) daily values were used for each of 

the variables defined above,36 

Systematic risk measures for the hedge portfolios were calculated 

in the following manner. Initially, the daily return to the portfolio 

was calculated as 

n m 
Rpt = ^ W£R£t + l WsRst (7) 

= 1 s=l 
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where 

Rpt = the hedge portfolio return for day t , 

R t = the return to the 1th security held in the long 
position observed on day t , 

Rst = the return to the sth security held in the short 
position on day t (ignoring transactions cost). 

W£ = weight assigned to the ilth security in the long 

P£i position, calculated as E-R—^ 

Wg = weight assigned to the sth security in the short 

Rsi position, calculated as ^-K^-^ . 

^si 

The systematic risk measure of the hedge portfolio for day t was then 

calculated as37 

t 
^ (Rpi - Rpi)(min 0, Rpi - Rmi) 

3t = i=t-19 (8) 

I (min 0, Rpi - Rmi)2 
i=t-19 

where 

t = systematic risk measure of the hedge portfolio for 
day t , 

Rp-j = daily bond equivalent yield of a new issue 
Treasury b i l l , as described above, 

Rpi = the daily return to the hedge portfolio, as 
described above, and 

R̂ ii = the daily return to the Standard and Poor's 500 
market index, as described above. 



41 

By using twenty trading days of information (i=t-19, t), the equiva

lent of approximately one month of historical information is incor

porated into each observed 3 for the hedge portfolio. Thus, stability 

is added to the calculated 3's, yet the calculated 3's are sensitive 

to immediate changes in investor risk perceptions. 

Empirical Results 

The first hypothesis discussed in Chapter III is that the NRC 

ordered shut down of operating plants may have increased the systema

tic risk of the common stocks of electric utilities operating nuclear 

plants in 1979. Beginning with an initial sample of fifty-six heavily 

monitored, actively traded electric utilities (given in List 1 of 

Appendix A ) , the following hedge portfolio was constructed. The com

mon stocks of fourteen utilities, listed by various issues of Value 

Line's Investment Survey as having operating nuclear plants, were held 

in the long position (these firms and their percentage of total capa

city that derives from nuclear powered facilities are described in 

Table 9 of Appendix A ) . To be included in the long position, the uti

lity must have had current nuclear facilities, but £0 planned future 

nuclear facility construction. A short position was then taken in 

seventeen utilities with no current or planned nuclear generation 

facilities (these firms are given in List 2 of Appendix A ) . The 

systematic risk measure for the resulting hedge portfolio was then 

calculated using equation (8) for each trading day of 1979 (the pat-
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tern of these calculated 3's over the year is shown in Figure 1 of 

Appendix A ) . Defining Tl as the 12 trading days prior to the NRC 

ordered shut down (March 15, 1979, observation 52) and T2 as the 9 

trading days between these shut downs and the accident at TMI 

(observation 61), the hypothesis to test may now be stated as: 

Ho: 3pTl = 3pT2 

Hi: 3pTi < 3pT2 . 

Rejection of the null hypothesis would suggest that the systema

tic risk of the a priori affected securities did, in fact, increase. 

To test this hypothesis, the Mann-Whitney test for differences between 

the means of two series was used (the Mann-Whitney test is described 

in Appendix B). Briefly, the Mann-Whitney test was chosen for its 

applicability to small samples, and its lack of theoretical distribu

tional assumptions. The test involves ranking the combined observed 

values of the first series (Tl in this case) and the second series 

(T2), summing the ranks of the first series (S), then calculating the 

test statistic T as 

n(n+l) 
T = S --"Y"-^ 

where n equals the number of observations in the first series (Tl). 

For hypotheses of the type outlined above, small values of T support 

the the alternative hypothesis. 
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Table 1 summarizes the results of the test of the hypothesis 

above. The observed values of 3p (along with their ranks) are shown 

for both time period Tl and T2. The computed T statistic of 18 

suggests that at a significance level of .005, the null hypothesis 

should be rejected (T^QOS = 19). The results suggest that as a group, 

in support of the hypothesized effect, the systematic risk of common 

stocks of electric utilities with operating nuclear plants increased 

as a result of the NRC ordered shut downs of operating nuclear powered 

plants. 

The second hypothesis regarding this particular group of utility 

common stocks is that the change in systematic risk should be positi

vely related to the percentage of total capacity derived from nuclear 

powered generation facilities. The systematic risk measure for each 

utility held in the long position is calculated using equation (8) 

above, replacing Rp-j with Rit, where Rit is the observed return for 

each day of the individual stock. The average 3 is then calculated 

for each stock for both periods Tl and T2. The change in systematic 

risk for each utility is then defined as 

A6= iI2_±n_ W 

where 

^Tl 

A3 = the change in systematic risk for each utility, 

3TI = the average 3 for the utility in period Tl, 

3T2 = the average 3 for the utility in period T2. 



TABLE 1 

TEST OF THE INFLUENCE OF THE NRC ON THE 
SYSTEMATIC RISK OF UTILITIES WITH 

OPERATING NUCLEAR PLANTS IN 1979 

44 

Period Tl Period T2 

OBS.NO. 

40 

41 

42 

43 

44 

45 

46 

47 

^P 

.10754 

.10093 

.03892 

-.07177 

.05917 

-.12778 

-.03660 

-.11877 

Rank 

17 

16 

11 

5 

13 

3 

7 

4 

OBS.NO. 

52 

53 

54 

55 

56 

57 

58 

59 

^P 

-.05776 

.05744 

.08466 

.13812 

.08168 

.32334 

.20645 

.23544 

Rank 

6 

12 

15 

18 

14 

21 

19 

20 

48 

49 

50 

51 

HQ: ^ T 1 = ^pT2 

Hi : 3pTi < 3pT2 

S = 96 

T = 96 -
12(13) 

= 96 - 78 = 18 

T.005,12,9 = 19 

Reject Hn: BnT? > 3nTl 
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Calculating A3 in this manner allows for relative changes in 3 to be 

examined, without confounding the results because of different levels 

of 3 for different securities. The measure of the percentage of total 

capacity derived from nuclear generation facilities (NUKCAP) is given 

in Table 9 in Appendix A. 

Earlier discussion suggested that a positive relationship should 

exist between A3 and NUKCAP. The hypothesis to test may then be writ

ten as 

Hg: p = 0, no correlation 

Hi: p > 0, positive correlation exists. 

where 

p = degree of linear dependency. 

Clearly, the two variables cannot be joint-normally distributed as 

(0 _< NUKCAP _< 1) , As such. Spearman's Rho test for correlation was 

used. In the case of no t ies . Spearman's Rho is calculated the same 

as the Pearson Product Moment Correlation measure, with the ranks of 

the observed variables replacing their actual values (Spearman's Rho 

is discussed in Appendix B). Thus, Spearman's Rho is free of the 

distributional assumptions of Pearson's Product Moment Correlation 

measure. 

The results of the test of the correlation hypothesis are given 

in Table 2. For each company, A3 and NUKCAP are shown, along with the 

estimated measure of correlation. Using Spearman's Rho, the estimated 
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TABLE 2 

TEST OF ASSOCIATION BETWEEN THE CHANGE 
IN SYSTEMATIC RISK AND THE AMOUNT 
OF NUCLEAR GENERATION CAPACITY 

Company Name 

American Electric Power 

Atlantic City Electric 

Boston Electric 

Consolidated Edison 

Delmarva Power and Light 

Florida Power Corporation 

Iowa Electric L & P 

Northeast Utilities 

Northern States Utilities 

Public Service of New Hampshire 

Southern Company 

Toledo Edison 

United Illuminating 

Wisconsin Electric Power 

A) Spearman's Rho for calculated A3 and Nuclear Capacity = -.14145 
with a calculated probability of not being statistically different 
from zero of .6151. 

B) Pearson's Product Moment Correlation calculated for ^3 and Nuclear 
Capacity = -.12591 with a calculated probability of not being 
statistically different from zero of .6680. 

A3 

-.2616 

2.4548 

-.8489 

.8201 

-1.2849 

1.9741 

8.3437 

-.8987 

3.1503 

2.7218 

1.5191 

-0.5741 

.5744 

.1898 

Nuclear Capacity 

.12 

.23 

.30 

• 13 

.15 

.13 

.20 

.58 

.43 

.15 

.09 

.20 

.08 

.45 
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correlation (-.14145) is not of the hypothesized sign, nor is it sta

tistically different from zero. Additionally, the results of 

Pearson's Product Moment Correlation are shown. Again, the estimated 

correlation (-.12591) is not of hypothesized sign, and again is not 

statistically different from zero at a level of significance of 10%. 

Owing to the required distributional assumptions, the results of 

Pearson's correlation test should not be taken as rejection of the 

hypothesis. 

The lack of statistical significance resulting from Spearman's 

correlation test may occur for several reasons. Initially, daily 3's 

for individual firms calculated in the EL-CAPM share the same relative 

instability as their counterparts in the more traditional EV-CAPM.38 

As such, the calculated A3 may be a poor measurement of the true 

underlying structure. It may also be the case that the proposed rela

tionship does not exist; either the presence of nuclear capacity domi

nates the percentage of nuclear capacity, or the relationship exists, 

but is not linear. Whatever the possibilities, however, based on the 

test performed no statistically significant positive association can 

be shown between the change in systematic risk, (A3) and the percen

tage of capacity derived from nuclear generation facilities (NUKCAP). 

The last hypothesis related to the NRC ordered shutdowns concerns 

the informational effect of these shutdowns on the systematic risk of 

the common stocks of those utilities with planned future nuclear capa

city. Theoretical discussion presented arguments for either an 
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increase or no change in systematic risk for these securities. To 

examine the influence a hedge portfolio similar to the one described 

in the first hypothesis test above is constructed. The common stocks 

of electric utilities with planned nuclear construction but 21£ current 

nuclear capacity (as of 1979) are held in a long position (14 such 

companies were identified, and are listed in Table 10 of Appendix A, 

along with the percentage of total capacity from these plants, as 

reported by E.F. Hutton). As before, the corresponding short position 

is held in the common stocks of electric utilities with no current or 

planned nuclear generation facilities (List 2, Appendix A ) . The 

return to the portfolio and the measured systematic risk, 3p, of the 

portfolio are calculated as before. Again, period Tl represents the 

12 trading days prior to the NRC shut down, and period T2 represents 

the 9 trading days between the shut downs and the accident at TMI. 

Finally, as before, the Mann-Whitney test for differences between 

means of the two series is used, recalling that small values of the 

test statistic, T, support the alternative hypothesis. The hypothesis 

to test may then be written as 

"O: Vl = V2 
Hi: 3pTl < 3pT2. 

Table 3 summarizes the results of the test of this hypothesis. 

Observed values of 3p and associated ranks are presented for periods 

Tl and T2, along with the test statistic. The test statistic (T=53) 



TABLE 3 

TEST OF THE INFLUENCE OF THE NRC ON THE 
SYSTEMATIC RISK OF UTILITIES WITH 

PLANNED NUCLEAR CONSTRUCTION 
IN 1979 
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Period Tl Period T2 

OBS.NO. 

40 

41 

42 

43 

44 

45 

46 

47 

48 

49 

50 

51 

^ 

.08141 

.04386 

.00082 

-.12681 

-.14174 

-.38164 

-.303021 

-.26647 

-.09908 

-.32256 

-.33050 

-.25028 

S = 

Rank 

21 

20 

19 

14 

13 

2 

5 

7 

15 

4 

3 

8 

131 

OBS.NO. 

52 

53 

54 

55 

56 

57 

58 

59 

60 

3p 

-.27882 

-.23540 

-.20476 

-.03500 

-.09517 

-.06472 

-.23061 

-.16855 

-.47563 

Rank 

6 

9 

11 

18 

16 

17 

10 

12 

1 

Ho: 3pTl = 3pT2 

Hi : 3pTl < 3pT2 

12(13) 
T = S - — = 131 - 78 

T.005,12,9 = 19 

Accept HQ; 3pTl = 3pT2 

= 53 
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suggests acceptance of the null hypothesis (T^QOS = 19). These 

results suggest no change in systematic risk for the common stocks of 

utilities with planned nuclear generation facilities as a result of 

the NRC ordered shut downs. As described in the theoretical 

discussion of Chapter III, investors may have viewed these regulatory 

changes as being transient in nature, or may have perceived that 

altering a plant under construction or in the planning stages to 

comply with the standards established would be far less costly than 

modifying an existing, operating, facility. 

The following chapter presents the empirical results of the 

hypotheses suggested in Chapter IV. The informational effects on 

systematic risk measures for different categories of electric utility 

common stocks that resulted from the accident at TMI are estimated. 

The analyses employed are similar in nature to those presented in this 

chapter. 



CHAPTER VI 

EMPIRICAL EXAMINATION OF 
THE INFORMATIONAL 

EFFECTS OF TMI 

Review 

Recalling the discussion from Chapter IV, the effect of the acci

dent at TMI on systematic risk measures of different categories of 

electric utility common stocks was shown to be less clear a priori 

than the NRC ordered shutdown of operating plants. Initially, 

following more traditional definitions of systematic and unsystematic 

risks, the accident at TMI could be expected to cause no change in the 

systematic risk measure of the common stocks of electric utilities 

with either current or proposed nuclear generation facilities. If, on 

the other hand, the information available from the accident at TMI 

caused a revision in the consensus estimates of either the probability 

of a nuclear accident or the returns available from a utility after 

such an accident, or a combination of the two, a relatively simple 

model of investor expectations suggested that a change in the systematic 

risk measures of the previously identified group of common stocks 

would be expected. Finally, discussion in Chapter IV suggested that 

51 
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if not true for the entire class of securities identified, the acci

dent at TMI may have caused a change in systematic risk for a 

restricted subset of the class, that subset being the common stocks of 

electric utilities whose nuclear generation facilities were designed 

by Babcock-Wilcox, the engineers who designed TMI plant number 2. 

This chapter presents an empirical examination of these hypotheses. 

Methodology and Data 

In the empirical analysis that follows, the concept of a hedge 

portfolio, as described in Chapter V, is employed for each hypotheses. 

The same data sources identified in Chapter V are again used in this 

analysis. Finally, the same statistical test used previously, the 

Mann-Whitney test for differences between means, is adopted for the 

analysis of this chapter. Each hedge portfolio is constructed with a 

market value weighted long position in the a priori affected group of 

common stocks and a corresponding market value weighted short position 

in the a priori unaffected group of common stocks. The variable of 

interest, again, is the observed systematic risk measure of the hedge 

portfolio, p, defined in equation (8) of Chapter V. 

Empirical Results 

The first hypothesis suggested by discussion concerns the 

influence (or lack of influence) of the accident at TMI on the syste

matic risk measure of the common stocks of electric utilities that 
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possessed operating nuclear plants in 1979. To test for this 

influence, a hedge portfolio is constructed with a long position in 

the fourteen common stocks described in Chapter V (and listed in Table 

9 of Appendix A) and a corresponding short position in the seventeen 

"non nuclear" common stocks identified in Chapter V (given in 

List 2 of Appendix A ) . The systematic risk measure for the portfolio 

is then estimated using equation (8) in Chapter V for each trading 

day of 1979 (the pattern of these estimated 3's over the year is shown 

in Figure 1 of Appendix A ) . Defining T2 as the 9 trading days between 

the NRC ordered shut downs (March 15, 1979, observation 52) and the 

accident at TMI (March 28, 1979, observation 61) and T3 as the 12 

trading days after the accident at TMI,39 the hypothesis to test may 

now be written as 

HQ: ^pT2 = ^pT3 

Hi: 3pT2 < 3pT3 . 

Failure to reject the null hypothesis would support the contention 

that the accident at TMI had no effect on systematic risk for the 

securities identified above. Conversely, rejection of the null 

hypothesis would suggest that the systematic risk of common stocks of 

electric utilities with operating nuclear facilities increased as a 

result of the accident at TMI. 

Table 4 summarizes the results of the analysis. The observed 

values of 3p (along with respective ranks) are shown for both time 



TABLE 4 

TEST OF THE INFLUENCE OF TMI ON THE 
SYSTEMATIC RISK OF UTILITIES WITH 

OPERATING NUCLEAR PLANTS IN 1979 

54 

Period T2 

HQ: 2pT2 = ^pT3 

Hi : 3pT2 < 3pT3 

9(10) 
T = S - —Y"^ = 4 5 - 4 5 

T.005,12,9 = 19 

Reject HQ; 3pT3 > 3pT2 

= 0 

Period T3 

OBS.NO. 

52 

53 

54 

55 

56 

57 

58 

59 

60 

3p 

-.05776 

.05744 

.08466 

.13812 

.08168 

.32334 

.20645 

.23544 

.02135 

S 

Rank 

1 

3 

5 

6 

4 

9 

7 

8 

2 

= 45 

OBS.NO. 

61 

62 

63 

64 

65 

66 

67 

68 

69 

70 

71 

72 

3p 

.35716 

.51031 

.68885 

.78971 

.68353 

.97750 

.66639 

.69605 

,99229 

1.05143 

.68150 

.65097 

Rank 

10 

11 

16 

18 

15 

19 

13 

17 

20 

21 

14 

12 



55 

period T2 and T3. The computed test statistic, T, of 0 suggests that 

at a level of significance of .005, the null hypothesis should be 

rejected (T^o05 = 19). Thus, the hypothesized informational effects 

of the accident at TMI seem to be supported by the results presented 

in Table 4, at least for the category of common stocks identified 

above. 

A second hypothesis suggested by earlier discussion concerns the 

influence of the information available from the TMI accident on the 

systematic risk of the common stocks of electric utilities that in 

1979 had proposed and committed to future nuclear generation facili

ties. Earlier discussion suggested that these common stocks should, 

barring new breakthroughs in technology, behave much like the common 

stocks of those utilities that were operating nuclear plants in 1979. 

Based on the results presented above (Table 4), the systematic risk 

measure for this "planned nuclear" group would be expected to 

increase. Forming a hedge portfolio with a long position in the com

mon stocks of the fourteen firms identified in Chapter V (listed in 

Table 10, Appendix A) as having proposed but ^ current nuclear faci-

lities and a corresponding short position in the common stocks of 

seventeen "nonnuclear" electric utilities identified in Chapter V 

(listed in List 2, Appendix A ) , the specific hypothesis may be written 

as 

HQ: ^ T 2 = ^T3 

H I : 3p>2 < 3pV3 
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where 3p is the observed systematic risk measure of the hedge port

folio constructed, and T2 and T3 are defined above. 

Table 5 summarizes the results of the analysis. The observed 

values of 3p (with respective ranks) are shown for both time period T2 

and T3. The computed test statistic ,T, of 7 suggests rejection of 

the null hypothesis (T^o05 = 19). Thus, the results suggest, as 

hypothesized, that the accident at TMI increased the systematic risk 

of the common stocks of electric utilities that had, in 1979, proposed 

nuclear generation as well as those utilities that were operating 

nuclear plants in 1979. As suggested by the difference in the test 

statistic (T=0 vs. T=7), the results were not quite as dramatic for 

this second category as were the results for the first category 

(compare also the column labeled T3 in Tables 4 and 5). The dif

ference in results may be due to investors, after initially adjusting 

their consensus estimates concerning probabilities (Pc) and consequen

ces (G(X)) of nuclear accidents, realizing that this latter category 

(those utilities with planned but no current facilities) had an option 

unavailable to the first category. A plant being planned or under 

construction generally can be abandoned at a much lower cost than a 

plant already in operation.40 Thus, this second category of utilities 

would be able to eliminate nuclear risk at a much lower cost than the 

first category of utilities. 

A question related to the hypotheses above concerns the duration 

of increased systematic risk. Barring new information regarding the 



TABLE 5 

TEST OF THE INFLUENCE OF TMI ON THE 
SYSTEMATIC RISK OF UTILITIES WITH 

PLANNED NUCLEAR CONSTRUCTION 
IN 1979 

57 

k t t 

Period T2 

HQ: 3pT2 = 3pT3 

Hi : 6pT2 < 3pT3 

9(10) 
T = S - = 52 - 45 = 7 

T.005,9,12 = 19 

Reject HQ; 3pT3 > 3pT2 

Period T3 

OBS.NO. 

52 

53 

54 

55 

56 

57 

58 

59 

60 

3p 

-.17882 

-.23540 

-.20476 

-.03500 

-.09517 

-.06472 

-.23061 

-.16855 

-.47563 

S 

Rank 

5 

2 

4 

12 

9 

10 

3 

6 

1 

= 52 

OBS.NO. 

61 

62 

63 

64 

65 

66 

67 

68 

69 

70 

71 

72 

^P 

-.06275 

.17067 

.53137 

.41788 

.55277 

.33186 

-.16304 

-.09653 

.17284 

.09316 

.08131 

.07890 

Rank 

11 

16 

20 

19 

21 

18 

7 

8 

17 

15 

14 

13 
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probability (P̂ .) or consequence (G(X)) of a nuclear accident, the 

increase would be expected to remain indefinitely. The Pennsylvania 

Public Utility Commission was charged with ruling on, among other 

things, the financial impact of the accident at TMI (see Boonin and 

Polka(5)). Within ten weeks of the accident (June 19, 1979), the 

Commission issued a decision regarding the accident. Among other pro

visions, the Commission ruled that the cost of the accident would be 

borne by shareholders and ratepayers. Thus, initial revised estimates 

of the consequences of the accident to shareholders would be expected 

to be modified to reflect the new information (G(X) may not be as bad 

as expected after all). Further, the hearings were all done openly 

and on the record so that knowledge of the intentions of the 

Commission prior to the written orders may have been obtained. The 

information may be expected to cause the systematic risk of the common 

stocks of both "current" and "planned" nuclear dependent electric uti

lities to decline. A casual examination of Figures 1 and 2 in 

Appendix A suggest that this may have been the case. Statistical con

firmation of this relationship is presented in Appendix C. 

The final hypothesis concerns the informational influence of the 

accident at TMI on the common stocks of those utilities whose plants 

were designed by Babcock and Wilcox.41 Earlier results suggested that 

TMI caused an increase in systematic risk for the category of common 

stocks of electric utilities with operating nuclear facilities. The 

question to address now is whether or not the systematic risk for the 
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subset of the category above that were designed by Babcock and Wilcox 

increased more than the systematic risk for the subset of the above 

category whose facilities were designed by other firms. Previous evi

dence reported on this issue is mixed. Pettway (23) found no 

Babcock-Wilcox influence in his analysis. Bowen, Castanias, and Daley 

(7) reported results that suggest an increase in systematic risk for 

electric utilities that either had or were planning to build nuclear 

facilities designed by Babcock-Wilcox. The reported increase was sta

tistically significant at a level of significance of .001. 

To address this question, a hedge portfolio is formed with a long 

position in the common stocks of those nuclear dependent utilities 

with Babcock Wilcox designed facilities and a short position in the 

common stocks of electric utilities whose facilities were designed by 

other firms (the firms are listed in Table 12, Appendix A ) . Denoting 

the systematic risk measure of this portfolio as 3BW and recalling the 

definitions of T2 and T3, the specific hypothesis may be written as 

Ho: ^BWT2 = ^BWT3 

Hi: ^BWT2 < ^BWT3 • 

Table 6 summarizes the results of the analysis. Observed values 

of 3BW ̂ O'* •̂ oth time period T2 and T3 are presented (with respective 

ranks). The computed test statistic ,T, of 7 suggests rejection of 

the null hypothesis (T,o05,9,12 = 19). Thus, the results suggest that 

the accident at TMI caused an increase in the systematic risk of the 



TABLE 6 
60 

THE EFFECT OF THE ACCIDENT AT TMI ON THE 
SYSTEMATIC RISK OF ELECTRIC UTILITIES 

WHOSE REACTORS WERE DESIGNED BY 
BABCOCK-WILCOX 

Period T2 Period T3 

OBS.NO. 3, Rank OBS.NO. Rank 

52 

53 

54 

55 

56 

57 

58 

59 

60 

-.08906 

-.22053 

-.45850 

-.37685 

-.42565 

-.15824 

-.34667 

.04911 

-.06740 

9 

7 

2 

4 

3 

8 

5 

12 

10 

61 

62 

63 

64 

65 

66 

67 

68 

69 

70 

71 

72 

-.56967 

-.31041 

-.03049 

.57903 

1.29028 

1.34375 

.65133 

.48114 

1.00223 

1.13290 

1.06627 

.92889 

1 

6 

11 

14 

20 

21 

15 

13 

17 

19 

18 

16 

S = 60 

HQ: 3pT2 = 3pT3 

Hi: 3pT2 < 3pT3 

9(10) 
T = S - = 60 - 45 = 15 

T.005,9,12 = 19 

Reject HQ; 3pT3 > 3pT2 
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common stocks of electric utilities with Babcock and Wilcox designed 

plants relative to the common stocks of electric utilities with 

nuclear facilities designed by other firms. The results of this ana

lysis should be interpreted with some caution however. Of the four

teen utilities in the sample operating nuclear plants in 1979, only 

two, Florida Power Corporation and Toledo Edison, were operating 

Babcock-Wilcox designed plants (see Table 12, Appendix A ) , Thus, 

while the hedge portfolio should yield the measurement of changes in 

systematic risk due to the existence of a Babcock-Wilcox effect, any 

changes in the risk of either of the two firms in the long position 

occurring at the same time as the accident at TMI would bias the 

results. 

Noting the caveat above, a closer inspection of Table 6 yields 

some interesting results. It appears that prior to TMI, the firms in 

the long position were perceived as being less risky than other firms 

operating nuclear plants in 1979, as demonstrated by the generally 

negative sign of the estimated 3's, Further, while the systematic 

risk of these firms increased during the time period after TMI, the 

increase was not immediate, as demonstrated by the negative estimated 

3's for observations 61, 62, and 63, In contrast, for the other port

folios constructed to examine the influence of TMI, the increase in 

was immediate (see the columns labeled T3 in Tables 4 and 5), This 

relatively slower increase in systematic risk is consistent with the 

argument that while systematic risk for the set of nuclear dependent 
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utilities examined increased as a result of TMI, the differential 

increase shown in Table 6 resulted from information about the cause of 

the accident released after the accident occurred,42 



CHAPTER VII 

AN EXTENSION OF THE ANALYSES 

Introductory Discussion 

Thus far, the analyses presented in this dissertation have 

addressed the informational effects of the NRC ordered shut down of 

operating nuclear plants and the accident at Three Mile Island on the 

systematic risk of two categories of electric utilities. The first 

category examined included those utilities that were operating nuclear 

plants in 1979 but had no plans to build additional nuclear generation 

facilities. The second category included those utilities that in 1979 

were not operating nuclear plants but had planned and committed funds 

to build nuclear generation facilities in the future. This chapter 

extends the analyses to a third category of "nuclear dependent" 

electric utilities. 

From the original sample of fifty-six utilities (see List 1, 

Appendix A ) , an additional category of electric utilities not pre

viously examined exists. This category includes electric utilities 

that were operating nuclear plants in 1979 and had plans to build 

additional nuclear generation facilities in the future. To determine 

63 
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a priori the informational effects on the perceived systematic risk of 

this category of utilities resulting from both the NRC order and the 

accident at TMI, this last category of utilities is considered as a 

hybrid of the categories of utilities previously examined. That is, 

any pattern of change in systematic risk for this last category should 

be similar to the patterns exhibited by the other categories as a 

result of either of the two events examined, 

NRC Hypothesis 

Chapter III presented background discussion regarding the poten

tial influence of the NRC ordered closing of certain nuclear genera

tion facilities on the systematic risk of "nuclear dependent" electric 

utilities. Summarizing the discussion, the NRC order was suggested to 

have increased the uncertainty of the profitability of continued 

operation of nuclear plants. As a result, the systematic risk of 

those utilities operating nuclear plants in 1979 was expected to 

increase. Empirical support for this hypothesis was presented in 

Chapter V (see Table 1). The influence of the NRC order on those uti

lities that in 1979 were not operating nuclear plants but had planned 

to build nuclear facilities in the future was suggested in Chapter III 

to be more ambiguous. If investors viewed this second category of 

utilities as having no more alternatives than those utilities 

operating nuclear plants, systematic risk would be expected to 

increase. If however, investors believed that this category of utili-
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ties with "planned" nuclear facilities could either modify construc

tion to reflect the NRC's safety concerns or abandon the project at a 

lower cost than would be available to those utilities operating 

nuclear plants, systematic risk would not be expected to change. 

Empirical evidence presented in Chapter V (see Table 3) suggests that 

no change in systematic risk for this "planned" category resulted from 

the NRC order. 

The group of utilities being considered in this chapter were 

operating nuclear plants in 1979, and had plans to expand their 

nuclear generation facilities in the future. Based on the discussion 

and evidence reviewed above, the NRC order would be expected to cause 

an increase in the systematic risk of this last category, as these 

utilities were operating nuclear plants in 1979. As such, these uti

lities should be subject to many of the same considerations as those 

utilities that were operating nuclear plants in 1979 but had no 

nuclear expansion plans. 

To test this hypothesis, a hedge portfolio is constructed with a 

market value weighted long position held in the securities of the 

eleven electric utilities listed in Table 11 of Appendix A as having 

both current and planned nuclear generation capacity. A market value 

weighted short position is held in the securities of the seventeen 

electric utilities listed in List 2 of Appendix A as having no current 

or planned nuclear generation capacity. Using the data sources 

described in Chapter V, daily returns for this portfolio are 
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estimated. These daily returns are used to calculate the systematic 
• 

risk parameter, 3p of the EL-CAPM for the hedge portfolio using 

equation (8) in Chapter V. Again defining Tl as the 12 trading days 

prior to the announcement of the NRC order, and T2 as the 9 trading 

days following the order but prior to the accident at TMI, the 

hypothesis may be written as: 

* * 

Ho: 3pTl = 3pT2 
* * 

Hi: 3pTl < 3pT2 . 

Failure to reject the null hypothesis would suggest no change in 

systematic risk. Rejection of the null hypothesis would suggest that 

the NRC order caused an increase in systematic risk for this category 

of electric utilities. 

Table 7 presents the results of the analyses. The estimated 3 

for each trading day in periods Tl and T2 are shown, along with their 

respective ranks. Again using the Mann-Whitney test for differences 

between means for purposes of statistical inference, the results 

suggest rejection of the null hypothesis. The test statistic, T, of 8 

is significant at a .005 level of significance (T^o05,12,9 = 19). The 

results suggest that the NRC order did cause an increase in systematic 

risk for those utilities that were operating nuclear plants in 1979 

and had plans to expand their nuclear generation capacity. 
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TABLE 7 

THE INFLUENCE OF THE NCR ORDER ON 
UTILITIES WITH CURRENT AND 
PLANNED NUCLEAR GENERATION 

FACILITIES 

Period T l 

HQ: ^pTl = ^pT2 

Hi: V l < P̂T2 

12(13) 
T = S - T - = 87 - 78 = 9 

T.005,12,9 = 19 

Reject Hn: BnT9 > 3nTi 

Period T2 

OBS.NO. 

40 

41 

42 

43 

44 

45 

46 

47 

48 

49 

50 

51 

% 

-.22354 

-.27097 

-.34406 

-.35177 

-,29705 

-,44488 

-,31882 

-,28211 

-,08038 

-,34497 

-,35567 

-,25476 

S 

Rank 

12 

10 

5 

3 

7 

1 

6 

9 

17 

4 

2 

11 

= 87 

0BS,N0, 

52 

53 

54 

55 

56 

57 

58 

59 

60 

'p 

-,28709 

-,12818 

-,11324 

-.09098 

-.12391 

.01265 

-.07168 

-,03381 

,25881 

Rank 

8 

13 

15 

16 

14 

20 

18 

19 

21 
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TMI Hypothesis 

Chapter IV presented background discussion regarding the poten

tial influence of the accident at TMI on the systematic risk of 

"nuclear dependent" electric utilities. Summarizing the arguments, 

the discussion suggested that, using a relatively simple model of an 

investor's decision behavior, the accident at TMI would be expected to 

cause an increase in systematic risk for those utilities operating 

nuclear generation facilities in 1979. Empirical evidence presented 

in Chapter VI (see Table 4) supports the hypothesis. The discussion 

in Chapter IV suggested that since utilities planning to adopt nuclear 

generation facilities in the future were subject to the same tech

nological constraints as those utilities operating plants in 1979, the 

systematic risk for the category of utilities with "planned" nuclear 

generation facilities should also increase. Empirical evidence in 

support of this hypothesis is presented in Chapter VI (see Table 5). 

The discussion and evidence reviewed above serves to define the 

hypothesized influence of the accident at TMI on the category of uti

lities examined in this chapter. Since this last category of utili

ties were operating nuclear plants in 1979 and were planning to expand 

their nuclear generation facilities, they should behave quite simi

larly to those two categories of utilities previously examined. That 

is, the accident at TMI is expected to have caused an increase in 

systematic risk for utilities that in 1979 were operating nuclear 

plants and had planned to expand their nuclear generation facilities. 
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To test this hypothesis, the same hedge portfolio described above 

is again used. That is, a portfolio is constructed with a market 

value weighted long position in the common stock of the eleven firms 

described in Table 11 of Appendix A as having both current and planned 

nuclear generation facilities. A market value weighted short position 

is held in the common stock of the fifteen utilities described in 

List 2 of Appendix A as having no current or planned nuclear genera-

tion facilities. The systematic risk measure of the portfolio, 3 is 

then calculated for the 9 trading days between the NRC order and the 

accident at TMI (period T2) and the 12 trading days after the accident 

at TMI (period T3). 3p is calculated using equation (8) in Chapter V. 

The hypothesis above may then be written as: 

* * 

"0: % T 2 = % T 3 

H i: 3pT2 < 3pT3 

Failure to reject the null hypothesis would suggest no TMI influence. 

Rejection of the null hypothesis would suggest that the accident at 

TMI caused an increase in systematic risk for those utilities with 

both current and planned nuclear generation facilities. 
* 

Table 8 presents the results of the analysis. The estimated 3 

for each trading day in both periods T2 and T3 is presented, along 

with their respective ranks. Again, the Mann-Whitney test for dif

ferences between means is used for purposes of statistical inference. 

The test statistic, T, of 7 indicates rejection of the null hypothesis 



TABLE 8 

THE INFLUENCE OF THE ACCIDENT AT TMI ON 
UTILITIES WITH CURRENT AND PLANNED 

NUCLEAR GENERATION FACILITIES 

70 

Period T2 

S = 52 

^0: V 2 = P̂T3 

Hi : 3pT2 < 3pT3 

9(10) 
T = S - —^T" = 52 - 45 = 7 

T.005,12,9 = 19 

Reject HQ; 3pT3 > 3pT2 

Period T3 

OBS.NO. 

52 

53 

54 

55 

56 
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at a level of significance of .005 (T^o05,9,12 = 19). Thus the 

empirical evidence suggests that the accident at TMI did cause an 

increase in systematic risk for those utilities that in 1979 had both 

operating nuclear plants and plans for expansion of their nuclear 

generation facilities. 

The following chapter summarizes the results of the analyses of 

the dissertation. Implications of the research and concluding com

ments are offered. 



CHAPTER VIII 

SUMMARY AND CONCLUDING REMARKS 

Summary of the Research 

This dissertation has examined the informational effect of two 

separate events on the systematic risk of the common stocks of dif

ferent categories of nuclear dependent electric utilities. The first 

event examined was a March 15, 1979 order by the Nuclear Regulatory 

Commission to close five operating nuclear plants in order to re

evaluate safety standards. The second event examined was the much 

publicized accident at the Three Mile Island Nuclear plant number 2 on 

March 28, 1979. Relative changes in systematic risk were obtained by 

using the idea of a hedge portfolio with a long position in a priori 

affected common stocks, and a corresponding short position in a priori 

unaffected common stocks. The measures of systematic risk were 

obtained from an application of the mean-lower partial moment version 

of the Capital Asset Pricing Model (EL-CAPM). 

The empirical evidence presented in this dissertation suggests 

that the NRC order did change perceptions of systematic risk for two 

categories of nuclear dependent electric utilities. Both those utili

ties with only operating nuclear plants and those utilities with 
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operating nuclear plants and plans for additional nuclear generation 

experienced statistically significant increases in estimated systema

tic risk. Conversely, no statistically significant increase in syste

matic risk is found for utilities that in 1979 had only plans for 

future nuclear generation facilities. In contrast, the empirical evi

dence suggests that the accident at TMI caused perceptions of systema

tic risk to change for all nuclear dependent electric utilities. More 

specifically, statistically significant increases in systematic risk 

after the accident at TMI were found for: 

1. those utilities with only operating nuclear plants; 

2. those utilities with only planned nuclear generation facili
ties, and; 

3. those utilities with operating nuclear plants and plans for 
construction of additional nuclear generation facilities. 

Further, the research suggests a differential increase for those 

utilities who were operating, in 1979, nuclear reactors designed by 

Babcock-Wilcox, 

Finally, the empirical evidence in Appendix C suggests that, in 

general, the timely fashion with which the Pennsylvania Public 

Utilities Commission addressed the question of financial respon

sibility for the accident at TMI helped to lower perceived systematic 

risk for nuclear dependent electric utilities after the accident at 

TMI. More specifically, a statistically significant decrease in 



74 

systematic risk is found for utilities with only operating nuclear 

plants and utilities with only planned nuclear generation facilities. 

A statistically significant increase in systematic risk is evidenced 

for those utilities with both operating nuclear plants and additional 

planned construction of nuclear generation facilities. This increase 

is suggested to have been the result of investor concerns regarding 

the viability of massive commitments to the nuclear fueled generation 

of electricity. 

This dissertation also extends the recent study by Bowen, 

Castanias and Daly (7). Their study used the market model to show 

increases in systematic risk for utilities with current or planned 

nuclear capacity after the accident at TMI. The results of this 

dissertation suggest that some of the increase in systematic risk they 

report occurred before the accident at TMI, the reason being investor 

risk adjustments resulting from the NRC order. In contrast to their 

results of a continued increase in systematic risk for the remainder 

of the year 1979, the results of this dissertation suggest that the 

ruling of the Pennsylvania Public Utilities Commission generally 

served to reduce the level of systematic risk. 

Implications of the Findings 

The results summarized above may be of some interest to regula

tory bodies. The NRC order was suggested to have caused a general 

increase in systematic risk. If persistent for some time, such an 
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increase in systematic risk would cause an increase in capital costs 

for the affected firms. In the case of regulated utilities, the 

increase in capital costs would ultimately be borne by the ratepayers. 

As such, it is the group that regulation was designed to protect who 

may ultimately bear the cost of a regulators action. If not already 

aware of this possibility, a regulatory body should be aware and, as a 

result, carefully evaluate the consequences of any quick implemen

tation of new policy. 

Conversely, the timely manner in which the Pennsylvania Public 

Utilities Comission ruled on the accident at TMI was suggested to have 

offset the increase in systematic risk resulting from the accident at 

TMI. The message to regulatory bodies from this result is clear. The 

timely reduction of any uncertainty regarding future returns to 

stockholders can aid in reducing capital costs to utilities, and ulti

mately reduce, or at least slow the growth, of the ratepayers costs. 

From a different perspective, the results of this dissertation 

may offer some insights into future research in finance. At first, 

the accident at TMI may have been interpreted as an example of 

unsystematic risk. A more detailed development of the information 

available from the accident suggested the potential for expected 

changes in systematic risk. The suggested increases in systematic 

risk were supported by the empirical evidence presented in the disser

tation. Future studies designed to determine the informational 

effects of various types of events may want to consider these results 
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when modeling investor behavior. Finally, this dissertation used a 

more general equilibrium asset pricing model than is traditionally 

used. The EL-CAPM was shown in Chapter II to obtain under less 

restrictive assumptions than the more familiar EV-CAPM. In an appli

cation of the EL-CAPM to actual market data, the results of this 

dissertation conform generally to the results obtained by Bowen, 

Castanias, and Daly (7), who used the market model to addresss the 

informational effects of the accident at TMI. Thus, the future appli

cability of the EL-CAPM to market phenomena appears promising. 

Limitations of the Research 

The results of this dissertation may be somewhat limited in their 

generality concerning the perceived risk of the operation of nuclear 

generation facilities. The dissertation examined only electric utili

ties that derived most or all of their revenues from the production 

and sale of electricity. A number of utilities also provide for the 

production and/or sale of other commodities, such as gas and water. 

Further, some utilities have diversified holdings into non-utility 

businesses. Any such utilities that also had some sort of nuclear 

generation dependence (either planned, current, or both) were excluded 

from the empirical analysis. The exclusion was done for the purposes 

of clearly estimating the informational influences of the events 

outlined; nonetheless, some loss of generality may have occurred. 
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Additionally, the dissertation examined only the changes in per

ceived risk in the market for the common stocks of the affected uti

lity. No examination of any similar changes in perceived risk in the 

market for utility debt or preferred stock was undertaken. Again, a 

loss in the generality of the results may be the result. 

Further, one of the categories of electric utilities used in this 

dissertation may suffer a lack of homogeneity. The idea of planned 

nuclear capacity is a vague concept. Certainly, some difference in 

reaction may be expected for a utility with a nuclear plant due to be 

on line within a year or two when compared to a utility with only 

plans to build in the future. The degree to which these construction 

costs are included in construction allowances granted by the regula

tory agencies may also cause different reactions to the events 

outlined in this dissertation, and would certainly appear to be an 

area for future investigation. 

Finally, some mention of the model used to estimate systematic 

risk is warranted. While the theoretical foundations of the EL-CAPM 

appear solid, the model has not been widely used in empirical 

research. Further, no thorough critique of the limitations of the 

EL-CAPM has been published in the literature, as is the case for the 

EV-CAPM in articles such as the one by Roll (27). So while the appli

cability of the EL-CAPM appears promising, some heretofore unforeseen 

problem may exist, either in theory or practice. 



ENDNOTES 

1. A Merrill Lynch survey from May 1982 estimates private utility 
investment in nuclear construction at year end 1981 to be around 
$48,5 billion of which approximately 37% was obtained from common 
stockholders. A reasonable cost estimate of a single plant, such 
as the South Texas Nuclear Project, is around $4.6 billion in 
1982, 

2. For a review of the regulatory ratemaking process for electric 
utilities, see Robicek (26). 

3. The figure of $700 million is only explicit costs associated with 
the accident and subsequent clean up efforts. Final costs will, 
of course, be much higher, 

4. Two of the plants closed were owned by Virginia Electric. The 
remaining plants were owned respectively by Duquesne Light, 
Maine Yankee, and the Power Authority of the State of New York. 
These companies, along with General Public Utilities, will be 
excluded from subsequent analyses. 

5. For a discussion of utility function comparability, see Fama and 
Miller (11), Chapter 5. 

6. See Fama and Miller (11), Chapter 5 for a description of general 
classes of utility maximizing behavior. 

7. Bawa (3) has shown that for the more restrictive class of risk 
averse utility functions that exhibit decreasing absolute risk 
aversion, third degree stochastic dominance yields a 
theoretically optimal selection rule. 

8. While in theory an individual must be able to compare all 
cumulative probability distributions of alternative choices, in 
practice the model is robust when the individual is choosing 
between a countably large number of alternatives. See Bawa (3). 

9. Such distributions include the log-normal, the family of stable 
Paretians, etc. 

10. Notice, however, that the mean-variance criteria by themselves 
provide neither necessary nor sufficient conditions for an 
optimal selection rule. See Bawa (3). 
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11. See Sharpe (32), 

12. The covariance between r^ and rm may be written as 

^(^i^rm) = E(rirm) - E(ri)E(rm), 

Rewriting r̂  in Sandmo's form yields the following: 

C^(Y^' + 0,rm) = E((0 + y r i - E(0 + y r i ) (rm-E(rm))), 

Combining terms on the RHS and expanding yields 

COV = ((0E(r^) +yE(rirm) - E(ri)E(rm) -0E(rm) -yE(r i )E(rm) 

+ E(ri)E(rn,). 

Collecting terms gives the following equation: 

a(yri +0,rm) =y(E(rirm) - E(ri )E(rm)). 

Recalling the f i r s t relationship above and substituting yields: 

a(yri + e,rj =y{'^r^,rj. 

13. Once the information becomes known, under the assumptions of 
homogeneous expectations, the direction of movement of 3 is 
deterministic. 

14. The literature abounds with discussion of the relative 
instability of 3 over shorter time horizons when compared to 
longer horizons. If information comes to the market in a random 
fashion over time, this relative instability is not surprising, 
as 'good' news and 'bad' news would tend to offset variations 
in 3 as the horizon is lengthened. 

15. General application of the CAPM ignores this fact. 

16. The existence of an ex-post mean variance efficient set should 
not imply that investors base their decisions on mean an 
variance. The ex-post set is a statistical construct. 

17. Further, investors would be expected to pay a premium for 
positive skewness. The CAPM would not incorporate this premium. 

18. Statistical significance was lacking. 

19. The result is consistent with the idea that investors would pay a 
premium for positive skewness. 
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20. Hogan and Warren (15) independently reached generally the same 
model using the idea of semi variance. 

21. The appropriate replacement assumption is that the market 
portfolio is ex ante mean lower partial moment efficient. While 
direct verification of this proposition may be difficult, 
following the reasoning offered by Roll (27) for the CAPM, it is 
a more general condition than mean variance efficiency. 

22. In subsequent analysis, the usual surrogates will be used. 

23. This requirement may be viewed as a benefit to customers that may 
offset any economic loss due to potential monopoly market power. 
The competitive firm would have no such requirement. 

24. It is not clear, a priori, that utilities would be allowed by 
regulators to include these costs as part of their normal 
operation. 

25. Most plants are constructed to be operated at maximum efficiency 
(e.g., minimal marginal cost) over a range of output. Extending 
production beyond this range implies increasing marginal costs, 
while price per unit of output remains, at least over the short 
run, fixed. 

26. The statute holds for companies regulated by the Federal 
Energy Regulatory Commission. Statutes may vary by states. 

27. Earnings would be nonexistent if the firm had no other sources of 
production or income. However, a number of electric utilities 
are diversified into other fuel source plants or other income 
production operations. For these firms, earnings would be 
diminished, but not eliminated. 

28. See Table 11, Appendix A. 

29. The portfolio was constructed using long positions held in a 
number of shares of electric utilities. Thus, hypothesized 
changes in portfolio could have been masked by changes occuring 
as the result of differing return movements of the other 
securities in the portfolio. Further, weekly data are used. 
Finally, the events prior to the accident at TMI were not 
incorporated into the analysis. 

30. Estimates of this probability were given in a Sandia Laboratories 
report at about one in 10 million years. This estimate was pre
sented in 1982, after the accident at TMI. 
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31. The accident occurred within the first twenty five years of 
nuclear reactor operation in the United States. 

32. While previous accidents had occurred in Tennessee and in 
England, neither were as severe or costly as the accident at TMI. 
Further, neither of these accidents received the media attention 
that was devoted to TMI. 

33. See Table 14, Appendix A. Not included are reactors designed for 
municipally owned electric utilities. 

34. Owing to other differences such as fuel mix and quality of regu
lation, 3 may not be zero. However, regardless of the magnitude 
of 3, it should be stable prior to the events outlined. 

35. The Wall Street Journal quotes on a bank discount basis. These 
quotes were transformed to bond equivalent yields. Noting the 
work by Fielitz (12), his arguments do not apply to this case. 

36. Daily return data should provide a more precise measure of 
investor reaction than weekly return data. 

37. This formulation is a form of the functional equation presented 
by Price, Price, and Nantell (25), differing only in the amount 
of historical information included in the calculation. 

38. Because of the operationally required 1/8 point change between 
trades, daily return data for individual firms can vary 
dramatically from positive to negative while the calculated daily 
risk free rate is always a very small positive number. Thus, the 
instability of daily 3's for individual firms. 

39. These time periods were chosen so as to provide general 
comparability between time periods. T2 by definition can only be 
9 days long. 

40. A plant in operation must be decommissioned. No clear consensus 
yet exists on the financial responsibility of decommissioning 
cost or methods, 

41. Previous evidence is mixed. Pettway (23) reports no effect. 
Bowen, Castanias, and Daly (7), report a significant 
Babcock-Wilcox effect, 

42. It was a few days after the accident that attention was brought 
to the possible culpability of Babcock-Wilcox, who are still in 
litigation with General Public Utilities. 
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LIST 1 

THE ORIGINAL UTILITIES 

1. 
2, 
3. 
4, 
5. 
6. 
7. 
8. 
9, 

10, 
11, 
12. 
13. 
14. 
15, 
16, 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
24. 
26. 
27. 
28. 

Allegheny Power 
American Electric Power 
Arizona Public Service 
Atlantic City Electric 
Boston Edison 
Carolina Power & Light 
Central Illinois P.S. 
Central Southwest 
Cleveland Electric Illinois 
Commonwealth Edison 
Consolidated Edison 
Delmarva Power and Light 
Detroit Edison 
Duke Power 
Empire District Electric 
Florida Power Corporation 
Florida Power & Light 
Gulf States 
Hawaiian Electric 
Houston Industries 
Idaho Power 
Illinois Power 
Indianapolis Power & Light 
Interstate Power 
Iowa Electric Light & Power 
Kansas City Power & Light 
Kansas Gas & Electric 
Kentucky Utilities 

29, 
30. 
31. 
32. 
33. 
34. 
35. 
36. 
37. 
38. 
39. 
40. 
41. 
42. 
43. 
44. 
45. 
46. 
47. 
48. 
49. 
50, 
51. 
52, 
53, 
54, 
55, 
56, 

Long Island Light 
Minnesota Power & Light 
Nevada Power 
New England Electric 
Niagara Mohawk 
Northeast Utilities 
Northern States 
Ohio Edison 
Oklahoma Gas & Electric 
Otter Tail Power 
Pacific Power & Light 
Pennsylvania Power & Light 
Portland General Electric 
Public Service Indiana 
Public Service New Hampshire 
Public Service New Mexico 
Puget Sound Power & Light 
Savannah E & P 
Sierra Pacific Power 
Souther California Edison 
Southern Colorado 
Southwestern Public Service 
Texas Utilities 
Toledo Edison 
Union Electric 
United Illuminating 
Utah Power & Light 
Wisconsin Electric Power 
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TABLE 9 

SAMPLE COMPANIES WITH CURRENT 
NUCLEAR CAPACITY 

Company % Nuclear Generation 

American Electric Power ,12 

Atlantic City Electric .23 

Boston Edison ,30 

Consolidated Edison ,13 

Delmarva Power and Light .15 

Florida Power Corporation ,13 

Iowa Electric Light and Power ,20 

Northeast Utilities .58 

Northern States Utilities ,43 

Public Service New Hampshire ,15 

Southern Company ,09 

Toledo Edison ,20 

United Illuminating .08 

Wisconsin Electric Power .45 
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TABLE 11 

SAMPLE COMPANIES WITH CURRENT 
AND PLANNED NUCLEAR CAPACITY 

Company 
% Current 

Nuclear Capacityl 
% Planned 

Nuclear Capacity2 

Carolina Power & Light 

Cleveland Electric 111, 

Commonwealth Edison 

Duke Power 

Florida Power & Light 

New England Electric 

Niagara Mohawk 

Ohio Edison 

Pacific Power & Light 

Portland Gas & Electric 

Southern California Edison 

,36 

,14 

,45 

,31 

.25 

.15 

.15 

,11 

.01 

.48 

.02 

.62 

.81 

1.0 

1.0 

.34 

1.0 

.40 

.81 

.85 

.77 

1.0 

1 Source: Value Line Investment Suvery 

2 Source: E.F, Hutton 
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TABLE 12 

SAMPLE COMPANIES FOR 
BABCOCK-WILCOX TEST 

A, Sample companies with Babcock-Wilcox designed reactors 
(Held in the long position of the hedge portfol io) , 

- Florida Power Corporation 

- Toledo Edison 

B, Sample companies with operating nuclear plants designed by a firm 
other than Babcock-Wilcox (held in the short position of the 
hedge port fol io) . 

- American Electric Power 

- Atlantic City Electric 

- Boston Edison 

- Consolidated Edison 

- Delmarva Power & Light 

- Iowa electric Light & Power 

- Northeast Utilities 

- Northern States Utilities 

- Public Service New Hampshire 

- Southern Company 

- United Illuminating 

- Wisconsin Electric Power 
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APPENDIX B 

MANN-WHITNEY'S T AND 
SPEARMAN'S RHO 

The analyses employed in this dissertation make use of non-

parametric statistical techniques. The primary advantage of these 

methodologies is that the assumption of normally distributed data is 

not necessary. In fact, should the underlying data not be distributed 

normally, the statistical estimates available from the nonparmetric 

methods are, in general, statistically more efficient than would be 

the estimates from the more familiar parametric counterparts. The 

methodologies used in this dissertation are the Mann-Whitney test for 

differences between means and Spearman's Rho as a measure of correla

tion. The following description of these tests is based on the pre

sentation of the methodologies by W. J. Conover (10), 

The Mann-Whitney Test 

The data consist of two random samples. Let [X] be the random 

sample drawn from the first population of size n. Let [Y] be the ran

dom sample of size m drawn from population 2. Assign ranks 1 through 

m+n such that rank 1 is assigned to the smallest value of the combined 

sample and rank m+n is assigned to the largest value in the combined 

sample. 
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Certain assumptions must be invoked. These include the following: 

1. Both samples are random samples from their respective 
populations. 

2. There is independence within and between samples. 

3. Both samples consist of continuous random variables. 

4. The measurement scale is at least ordinal. 

The hypothesis of interest to the dissertation can be stated in 

terms of the means of X and Y as: 

HQ: E ( X ) > ^ E ( Y ) 

H I : E(X) < E(Y) 

The test statistic 'T' may be found by first finding 'S', the sum of 

the ranks assigned to the observations from the first population 

represented by [X]. That is, 

S = i:R(Xi) 

where R(Xi) is the rank of the ith observation of the variable X. The 

test statistic T then is given by, 

n(n-H) 
T = S - -^—^ 

2 

Small values of T suggest that the alternative hypothesis (Hi) is 

true. Quantile values of the T statistic may be found in several 

sources. Reject HQ at a level of significance a if T is less than the 

ath quantile value, w . Accept Hg if T is greater than or equal to w. 
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Spearman's Rho 

The data consist of a bivariate random sample of size n, (Xi, Yi), 

(^2*^2), ...) (Xn»Yn). Let R(Xi) be the rank of Xi, as compared with 

the other X values, for i = 1, 2, ..., n. Thus, the smallest X will 

have rank 1, the largest X rank n. Similarly let R(Yi) be the rank of 

Yi as compared with the other Y values for i = 1, 2, ..., n. Thus the 

smallest Y will have rank 1, the largest Y rank n. In the event of 

ties, assign to each tied value the average of the ranks that would 

have been assigned if no ties had existed. 

The measure of correlation p is defined as 

6 E [R(Xi) - R(Yi)]2 
- 1 _nl 

' ' ^' n(n2.i) 

i f no ties exists ( i f moderate number of ties exist, this formulation 

of p is s t i l l preferred for computational simplicity). Notice that i f 

no ties exist. Spearman's p is computationally the same as Pearson's 

r, with the rank of the observed X and Y replacing their actual values. 

The hypothesis of interest to the dissertation may be written as 

HQ: The Xi and Yi are mutually independent ( P = 0) 

H I : There is a tendency for the larger values of X and 
Y to be paired together (p > 0 ) . 

The null hypothesis above is rejected i f p is "too large" at a level 

i f exceeds the 1-ot quantile for the sample size n of calculated P 

lirJ^AlUM^A r̂uvwl>^vko;II n K » t ( * e p e n d e n c e . 



APPENDIX C 

ESTIMATES OF THE DURATION OF THE INCREASED 
SYSTEMATIC RISK FOR NUCLEAR DEPENDENT 

ELECTRIC UTILITIES FOLLOWING THE 
ACCIDENT AT THREE MILE ISLAND 

Background 

Empirical evidence presented in Chapters VI and VIII suggested 

that the accident at Three Mile Island caused an increase in systema

tic risk for three different categories of nuclear dependent electric 

utilities. These three categories include utilities that; 

1) had operating nuclear plants in 1979, but no planned 
expansion of nuclear generation capacity, or, 

2) had no operating nuclear plants in 1979, but had plans to 
build nuclear generation facilities in the future, or, 

3) had operating nuclear plants in 1979, and had plans for 
expansion of their nuclear generation capacity. 

A question not yet addressed in this dissertation concerns the dura

tion of increased systematic risk for these utilities. In the absence 

of any new information to reduce the increase in uncertainty asso

ciated with the accident at TMI, the increase in systematic risk for 

these utilities would be expected to persist indefinitely. Indeed, 

previous research by Bowen, Castanias, and Daly (7) suggests that the 

increase in systematic risk appears to persist at least through the 

beginning of 1980. 
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Their results seems surprising, however, in light of the efforts 

of the Pennsylvania Public Utilities Commission. The Pennsylvania 

Commission felt it necessary to rule on the costs associated with the 

accident in a timely fashion. Indeed, the written orders of the 

Commission regarding the accident at TMI became public on June 19, 

1979 (trading day 118 of 1979). Further, the Commission was ^ery 

careful to make the hearings open and the record made public (for a 

discussion of the Commission's actions, see Boonin and Polka (5)). 

One of the major findings of the Commission, evident during the 

hearings, was that the costs associated with the accident at TMI would 

be shared by the ratepayers and the stockholders. While not the best 

resolution for shareholders, this finding was certainly better than 

holding the shareholders responsible for all cleanup costs. In terms 

of the discussion in Chapter IV, the effect of the ruling would be 

expected to lower the systematic risk of nuclear dependent electric 

utilities. That is, this ruling provides information to suggest that 

the distribution of returns to the shareholder may be better than a 

total loss of -100% (e.g., G(X) in Chapter IV may be higher than 

thought immediately after the accident). This Appendix is intended to 

address the question. 

Hypothesis 

To test the influence of the Pennsylvania Commission ruling on 

the systematic risk of nuclear dependent electric utilities, a metho-
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dology similar to that used throughout this dissertation is employed. 

Three hedge portfolios are constructed; each portfolio had a market 

value weighted long position in one of the three categories of nuclear 

dependent electric utilities previously defined, and a corresponding 

market value weighted short position in the common stocks of the 

electric utilites with no current or planned nuclear generation 

(Table 12 of Appendix A ) . 

If the Commission accomplished its purpose in holding timely 

hearings, the systematic risk (3p) of each hedge portfolio should 

decline. Defining time period T3 as the time after the accident at 

TMI, and time period T4 as a time period prior to. and including the 

publication of the Pennsylvania Commission's orders, the hypothesis of 

interest for each hedge portfolio maybe written as: 

Ho: 3pT4 = 3 pT4 

Hi: 3pT3 > 3pT4 

Acceptance of the null hypothesis would suggest that the ruling of the 

Commission had no influence on the systematic risk of the nuclear 

dependent electric utilities. Conversely, acceptance of the alter

native hypothesis would suggest that the Commission was successful in 

reducing the level of perceived risk of nuclear dependent electri uti

lities resulting from the accident at TMI. 

The exact timing of the information available from the ruling is 

unclear. However, since the hearings were done in open record, the 
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influence of the information available from the written order was most 

likely incorporated by investors prior to their publication. In 

recognition of this, the analysis was constructed in the following 

manner. Time period T3 is again defined as the 12 trading days from 

the accident at TMI and beyond. Time period T4 is defined as the 12 

trading days prior to and including the publication of the 

Pennsylvania Commission's orders. By using these definitions, the 

influence of the knowledge gained from the Commissions intentions in 

advance of the publication of the wrtten orders can be incorporated. 

As before, estimates of the systematic risk of each of the hedge port

folios constructed are obtained for each trading day using equation 

(8) of Chapter V. 

Tables 13 - 15 present the results of the analyses for each of 

the hedge portfolios constructed. Each table presents the calculated 

3p for each trading day and its associated rank. Again, the 

Mann-Whitney test for differences between means is used for purposes 

of statistical inference. Noting the somewhat arbitrary breakpoints 

chosen for the time periods defined, the significance level chosen for 

these tests was relaxed somewhat from a .005 level of significance to 

a .05 level of significance. 

Table 13 presents the results of the analysis for the hedge port

folio with a long position in the common stocks of those electric uti

lities that were operating nuclear plants in 1979 but had no nuclear 

expansion plans. The computed T statistic of 0 suggests rejection of 
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TABLE 13 

AN ESTIMATE OF THE INFLUENCE OF THE 
PENNSYLVANIA COMMISSION RULING ON 

THOSE UTILITIES WITH ONLY 
CURRENTLY OPERATING 

NUCLEAR GENERATION 
FACILITIES IN 1979 

Period T3 Period T4 

OBS.NO. 

61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 

P̂ 

.35716 

.51031 

.6885 

.78971 

.68353 

.97750 

.66639 

.69605 

.99229 
1.05143 
.68150 
.65097 

S = 

Rank 

13 
14 
19 
21 
18 
22 
15 
20 
23 
24 
17 
16 

= 222 

OBS.NO. 

108 
109 
110 
111 
112 
113 
114 
115 
116 
117 
118 
119 

P̂ 

-.1181 
-.2826 
-.2747 
-.7240 
-.8038 
-1.0531 
-1.3644 
-.9395 
-.8511 
-.4151 
-.5418 
-.6373 

Rank 

12 
10 
11 
6 
5 
2 
1 
3 
4 
9 
8 
7 

HQ- ^pT3 = ̂ pT4 

Hi: 3pT3 > 3pT4 

m(n+l) 
T' = S - —^ = 
1 i 2 -
T = nm - T' = 144 

222 -

- 144 

78 

= 0 

= 144 

T.05,12,12 = 43 

Reject HQ; 3pT3 > 3pT4 
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the null hypothesis (T^o5,12,12 = 43). Thus, the evidence presented 

suggests that the Pennsylvania Commission hearings, especially the 

announcement of the sharing of costs, served to lower the systematic 

risk of those electric utilities that were operating nuclear plants in 

1979, but had no nuclear expansion plans. 

Table 14 presents similar results for the hedge portfolio with a 

long position in the common stocks of those electric utilities that in 

1979 had no operating nuclear plants, but had planned for nuclear 

generation facilities. The estimated 3p for each trading day in each 

time period is presented, along with its respective rank. The com

puted T statistic of 32 again suggests rejection of the null hypothe

sis (T^o5 12,12 = 43). Thus, the evidence presented again suggest 

that the Commission's rulings served to lower perceived systematic 

risk, in this case for those utilities that were not operating nuclear 

plants in 1979 but had plans to add nuclear generation facilities in 

the future. 

Finally, Table 15 presents the results of the analysis for the 

hedge portfolio with a long position in the common stocks of electric 

utilities that were operating nuclear plants in 1979 and had planned 

to expand their nuclear generation facilities. The results are drama

tically different from the two cases presented above. The computed T 

statistic of 144 suggests failure to reject the null hypothesis of the 

one sided hypothesis presented earlier. In fact, when the hypothesis 

is rewritten as: 
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TABLE 14 

AN ESTIMATE OF THE INFLUENCE OF THE 
PENNSYLVANIA COMMISSION RULING ON 
THOSE UTILITIES WITH ONLY PLANNED 

NUCLEAR GENERATION FACILITIES 
IN 1979 

Period T3 Period T4 

OBS.NO. 

61 
62 
63 
64 
65 
66 
67 
68 
69 
•70 
71 
72 

3p 

-.06275 
.12067 
.53137 
.41788 
.55277 
.33186 

-.16304 
-.09653 
.17284 
.09316 
.08131 
.07890 

S = 

Rank 

10 
17 
23 
22 
24 
21 
5 
8 
18 
15 
14 
13 

= 190 

OBS.NO. 

108 
109 
110 
111 
112 
113 
114 
115 
116 
117 
118 
119 

3p 

-.1891 
-.27950 
-.06792 
-.12630 
-.17459 
-.13434 
-.31859 
,11064 
,21194 
,21988 
,05516 
,06714 

Rank 

3 
2 
9 
7 
4 
6 
1 

16 
19 
20 
11 
12 

Ho: ^T3 = ^pT4 

Hi: 3pT3 > 3pT4 

m(n+2) 
T' = S - 2 = 190 -

T = nm - T' = 144 - 112 

T.05,12,12 = 43 

Reject HQ; 3pT3 > 3pj4 

78 = 112 

= 32 
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TABLE 15 

AN ESTIMATE OF THE INFLUENCE OF THE 
PENNSYLVANIA COMMISSIOĴ  RULING ON 

THOSE UTILITIES WITH BOTH 
OPERATING NUCLEAR PLANTS 

AND ADDITIONAL PLANNED 
NUCLEAR GENERATION 
FACILITIES IN 1979 

Period T3 

Ho- V 3 = p̂T4 

Hi : 3pT3 > 3pj4 

n(n+l) 
T' = S - • 
1 0 2 
T = nm - T' = 144 

: 78 

- 0 

78 = 0 

144 

T.05,12,12 = 43 

Accept HQ; 3pT3 = 3pT4 

Period T4 

OBS.NO. 

61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 

3p 

.56441 

.58559 

.43227 

.10983 

.20992 

.36605 

.11998 
,03594 
.24882 
.30325 
.15399 
.17416 

S 

Rank 

11 
12 
10 
2 
6 
9 
3 
1 
7 
8 
4 
5 

= 78 

OBS.NO. 

108 
109 
110 
111 
112 
113 
114 
115 
116 
117 
118 
119 

P̂ 

.73416 

.83153 

.96897 
1.22840 
1.13902 
2.02901 
1.61001 
1.6654 
1.35230 
1.16073 
1.01172 
.88623 

Rank 

13 
14 
16 
20 
18 
24 
22 
23 
21 
19 
17 
15 

Hô  ^pT3 = ^pT4 

H I : 3pT3 < 3pT4 

T = S -
n(n+l) 

= 78 - 78 = 0 

T.05,12,12 = 43 

Reject HQ: 3pT3 < 3pj4 
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Ho: 3pT3 = 3pT4 

Hi: 3pT3 < 3pT4 , 

the test statistic suggests rejection of the null hypothesis 

suggesting that the Commission ruling caused an additional increase in 

the systematic risk of those utilities that in 1979 were operating 

nuclear plants and had plans to expand their nuclear generation 

facilities. 

While this result is perverse to the general hypothesis outlined 

earlier, a possible explanation exists. An examination of the firms 

in this category and their current and planned nuclear generation 

capacity from Table 11 of Appendix A may provide an explanation. 

Notice that these firms generally had substantial current nuclear 

capacity and in several cases were planning on total nuclear genera

tion in the future. As such, investors may have viewed these utili

ties as having, in general, a more substantial commitment to nuclear 

generation than utilities in the other two categories. Firms with 

only planned nuclear facilities could always abandon the plans, and 

firms with all of their desired nuclear generation already in place 

had achieved the maximum level of potential loss to shareholders 

resulting from a similar accident. The utilities with current and 

planned nuclear generation facilities, however, cannot abandon 

existing plants at as low a cost as those with only planned genera

tion. Further, if the planned expansion were to continue, the poten-




