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Abstract

The regulatory process for setting public utilitielowed rate of return on common
equity has generally used the Gordon DCF and CAp&gtifications to estimate the cost
of common equity. Despite the widely known probdemith these models, there has
been little movement to adopt more recently dewedopsset pricing models to provide
additional evidence for estimating the cost of tapiThis paper presents and empirically
validates a general yet simple consumption-basset asicing specification to model the
risk-return relationship for public utility stockisat could be applied to provide additional
information for estimating the cost of common eguand the allowed rate of return.
Additionally, estimates of the model suggest whetreasset such as utility stocks are a
consumption (business cycle) hedge.

We would also like to thank Dylan D’Ascendis, Sau@a, and Alison McVicker for
highly capable research assistance.



1. Introduction

The importance of issues involving public utilitggulation is growing again as
researchers and practitioners have concluded #wa&tgdlation in the electric and gas
industries have failed to deliver on lower pricesl @ost. Electric and gas prices have
risen faster than any time in their history aftedustry deregulation.

A critical component of the utility rate-of-returregulatory process is the
estimation of the cost of common equity capitaincg the cost of common equity is not
observable in capital markets, it must be infefrech asset pricing models. The models
that are commonly applied in regulatory proceediagsthe Gordon (1974) Discounted
Cash Flow (DCF), the Capital Asset Pricing (CAPMil&Risk Premium Models. There
are other tools used to estimate the cost of comeaoiity such as comparable earnings
or earnings-to-price ratios, but they are not aggeing models. The empirical literature
on the CAPM is vast {Fama and French (2004)}andG@#d°M is used by a number of
US regulatory jurisdictions. The DCF model has lme¢tn tested to the same extent as the
CAPM yet it is considered by many US regulatorysdictions.

The purpose of this investigation is to present antgpirically test a recently
developed general consumption-based asset pricodgeihthat estimates the risk-return
relationship directly and, when estimated with receéme series methods, produces a
prediction of the risk premium driven by its pradit volatility. The predicted risk
premium could be added to a risk free rate of retarprovide an estimate of the cost of

common equity.

2. Risk Premium Approach, Consumption Asset Pricig Models, and GARCH'

A widely used model to estimate the cost of comrequity capital for public
utilities is the risk premium approach. This agmio often estimates the expected rate of
return as the long-term historic mean of the realidsk premium above an historic yield

plus the current yield of the relevant bond yiefiplecable to a specific utility or peer

! GARCH refers to the generalized autoregressiveliional heteroskedasticity regression model.
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group of utilities. Litigants in public utilitynoceedings debate the choice of inputs to
estimate the risk premium as well as how far bactetch into history to collect data to
estimate a forward-looking premium.

It is surprising that, as popular as the risk ptemmethod is in public utility rate
cases, that the intuitively appealing general conion-based asset pricing model, with
its minimal assumptions, has not been applied tonate the cost of common equity
capital. The model provides projections of thedibonal expected risk premium on an
asset based on its relation to its predicted cmmdit volatility. This model generalizes
the well known special case asset pricing modelthasMerton (1973) intertemporal
capital asset pricing model, Campbell (1993) imteqporal asset pricing model, and the
habit-persistence model of Campbell and Cochra@@9}l which are special cases of the
general model. The relation of the model to tlsgecialized cases can be found in
Cochrane (2006) and Cochrane (2007). The appro&dadonsumption asset pricing
models is to make investment decisions that maxmidity from the consumption that
investors ultimately desire, not returns.

Even if the model is not used to directly projdat £xpected risk premium, it can,
at a minimum, be used to verify that the risk prechata for estimating the cost of capital
is empirically validated by fitting the model. Theeneral consumption-based asset
pricing model developed in Michelfelder and Pilo{008) and based on Cochrane
(2004) provides the relationship of the ex antk peemium to an asset’s own volatility
in return:

VOlt[Mt+l]

Ei[Mua]

Et[R,Hl] -Riy =-— VO|t[R,t+1]COI’ﬁ[|V|t+1, R,Hl] . (1)
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wherevol, is the conditional volatilitycorr; is the conditional correlation, amd.; is the

stochastic discount factor (SDF). The SDF is thtertemporal marginal rate of

ct+l

substitution in consumption, oM,,, = 8

, Where thdJ/'s are the marginal utilities

ot
of consumption in the next periothkl, and the current period, andg is the discount
factor. Equation 1 shows that the algebraic sigihe relation between the expected risk
premium and its conditional volatility of an assatéturn is determined by the correlation
between the asset’s return and the SDF. Thédtesdirection of the relation between the
asset return and the ratio of intertemporal maitgingities in consumption inversely
determines the relation between the expected nisknjpm and conditional volatility.
When the correlation is equal to negative one, dbget’'s conditional expected risk
premium is perfectly positively correlated with ik®nditional volatility. A positive
relation between the conditionally expected risgnpium and volatility obtains when -1
<corr;< 0. A negative relation obtains when @atr; < 1. For an asset that represents a
perfect hedge against shocks to the marginalyutfitconsumption, wittcorr; = 1, there
will be a perfect negative correlation between ¢beditionally expected risk premium
and its volatility’ Therefore, estimates of the relation betweerfitsetwo conditional
moments of a public utility stock’s returns providealirect test of the effectiveness of a
public utility stock, or any asset, as a consummptieedging asset. In equation 1,
vok[Mw1])/E([M1] is the slope of the mean-variance frontier. i$ lope changes over

time, the estimated relation between the stockls and return will vary over time. This

2 A hedging asset is one that has a positive inergageturns that is coincident with a positive ahin the
ratio of intertemporal marginal utilities of consption. Note that if we assume a concave utilityction
in consumption, as consumption declines, the margitility of consumption rises relative to lastioel
marginal utility. If we think of a decline in comsiption as a contraction in the business cycleh#dging
asset delivers positive changes in returns whebubaess cycle is moving into a contraction, and
therefore the asset is a business cycle hedge.
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model can also be viewed simplistically as the gutgd expected risk premium as a
function of its own projected risk, given informati available at time

Note that the model allows for the expected risknpum to be negative if the
asset hedges shocks to marginal utility of consionptinvestors are willing to accept an
expected rate of return lower than the risk-frae od return if the pattern of volatility is
such that returns are expected to rise with expge@eéuctions in consumption. Simply,
investors are willing tgpay a premium for a higher level of returns volatilibhat has the
desired pattern of returns. These desired refpatterns have a tendency to offset drops
in consumption. Therefore, this model shows tmaestors may not be adverse to
volatility, but rather to the timing of expectedaciges in returns.

Summarizing, several conclusions can be drawn fileengeneral model of asset
pricing. First, the sign of the relation betweestack’s excess return and conditional
volatility depends on the extent to which the steekves as an intertemporal hedge
against shocks to the marginal utility of consummpti Second, the relation between stock
risk and return may be time-varying depending oanges in the slope of the mean-
variance frontier. Third, hedging assets haverddgpatterns of volatility that result in
expected rates of return that are less than themee rate. We do not expect that public
utility stocks serve as a hedging asset as thepa@tregiewed as a defensive stock (do not
dampen downturns in the stock market returns) duesymmetric regulation and returns
as discussed in detail in Kolbe and Tye (1990).dé&Jnasymmetric regulation, utility
regulators have a tendency to allow the returnaunte to fall below the allowed return
during downturns in the business cycle and to redbe return when it rises above the

allowed during expansions. Therefore we expect tha parameter estimate of the

returnrisk relationship to be positive as utility stocke hypothesized to not be hedges.
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We use the GARCH model to estimate the general as®eng model since the
GARCH model accommodates ARCH effects that resultthe improvement of the
efficiency of the parameter estimates. It alsovjgles a volatility forecasting model for
the conditional volatility of the asset’'s risk preim. The conditional volatility
projection is used, in turn to predict the expecteld premium. We use the GARCH-in-
Mean model (GARCH-M) since it specifies that thaditional expected risk premium is
a linear function of its conditional volatility. hEere is a vast body of literature that
estimates asset pricing models with the GARCH aARGH-M methods and therefore
we will not attempt to summarize them here.

The GARCH-M model was initially developed and tesby Engle, Lilein, and
Robins (1987) to estimate the relationship betwd&nlreasury and corporate bond risk
premia and their expected volatilities. The GAR®Hmodel as specified for public

utility stocks for this paper is:

Rist — Yis1 = QO 21 + £t (2)
oé1 = ,80 + ,310't2 + ﬂz&z + Jr+1 (3)
&, ~T(0,07) (4)

Where:

Ri+1 is the total return on the public utility stock ador individual utility stock\Y:, is
the yield on an index of public utility bonds ofspecified bond ratings®:; is the
conditional or predicted variance of the risk premithat is conditioned on past
information (4.1) ande; is the error term that is conditional ogk.,. Alternatively, the

risk-free rate could substitute the yield with tFeama-French specified risk-free rak)(

i AUS

Consultants




which is the holding period return on a one-mont Treasury Bill. This return would
be less relevant for public utility cost of commequity estimation in our application
since we differentiate risk by the bond rating of i@mdex of utility bonds . The
conditional distribution of the error term is sdexd as the student’s T distribution due to
the thick-tailed distribution of the risk premiatda If the error distribution is thick-
tailed, using an approximating distribution that@omodates thick tails improves the
efficiency of the estimates. The parameigiis the return-to-risk coefficient as specified
in equation (1) as:

__ Vol [ M t+l]

a= cori[Mis, R+ 5
Et|Mt+l| t[ i tl] ( )

Note that the coefficient will be positive if therditional correlation between the SDF
and the asset return is negative, indicating thatstock is not a hedging asset. Recall
that the SDF is the ratio of intertemporal marginglities. Assuming a concave utility
function, an upward shock in the ratio implies ifgjl consumption, therefore an
associated rise (positive correlation) in the mt(R) would offset the reduction in
consumption, thereby causing the sigrudb be negative. The parameter|s also the
ratio of risk premium to variance, or, the Shargisor

The intercept in equation (2) is restricted to zascspecified by the general asset
model specification. The restriction on the inggicequal to zero has been found to be
robust in producing consistently positive and digaint relationships between equity risk
premia and risk in GARCH-M models. This is dis@ég#: Lanne and Saikkonen (2006)
and Lanne and Luoto (2007). Therefore we spediy prior assumption that the
intercept, or, the risk premium not associated wigk to be equal to zero and drop the

intercept from the model.
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The consumption asset pricing model is estimatetthe empirical section of the
paper. The model is tested to determine, (1)sk premium indices for utilities of
differing risk specified by differing bond ratingse validated by the asset pricing model
and therefore have some empirical support for appbn to utility cost of capital
estimation, (2) empirically test the consumptioseaspricing model, and (3) ascertain
whether utility stocks are assets that hedge shioctge marginal utility of consumption.
If utility stocks are hedging assets then the adstommon equity should reflect a
downward adjustment to a specified risk free rateeflect investors’ preferences for a
hedge and the compensation that they are willingagofor it.

3. Data and Empirical Results

We use portfolios as represented by public utiitgck and bond indices to
estimate the conditional return-risk relationshiflhe data employed for estimating
equation 1 with the GARCH-M conditional return-risgkgressions are monthly total
returns on the Standard and Poor’s Public UtiliSésck Index (utility portfolio), and the
monthly Moody’s Public Utility Aa, A, and Baa yiedor the risk-free rate. We also
obtained risk premia for the utility portfolio ugirthe Fama-French specified risk free
rate of return, which is the holding period retoma one-month US Treasury Bill. The
data range from January 1928 to December 2007 9@ithobservations. The return-risk
relationships are risk-differentiated by their olaond rating.

As a check, we also estimate equation 1 with thd(RGKA-M for large common
stock returns using the monthly Ibbotson Large Camr8tocks Portfolio total returns
and the Ibbotson US Long-Term Government incomarmet as the risk free rate for

comparison. Additionally, as another check, wetkde same for the University of

Chicago’s Center for Research in Security Pricdsevaveighted stock index (CRSP)

AUS

7 Consultants




using the Fama-French risk free rate. The datgesfrom January 1926 to December
2007 with 984 observations for the Large Stocknestiion and the data ranges from
January 1928 to January 2007 with 960 observatjsame as utilities) for the CRSP
estimation.

Table 1 displays the descriptive statistics forsthdata. We have estimated the
mean and standard deviation as well as the skewkasg®sis, and Jarque-Bera (JB)
statistics to test the distribution of the dataotdNthat the utility risk premia are returns
net of bond yields of differing risk. The meanstlo¢ risk premia fall as the risk (bond
rating) declines. This is consistent with the oltthat larger yields are subtracted from
stocks returns the lower the bond rating. Interteralty, there is an inverse relationship
between risk premia and interest rates (See Brigl&mome, and Vinson (1985) and
Harris, Marston, Mishra, and O’Brien (2003)). Timeean for risk premia will have a
tendency to be larger during low interest ratequisi

Large common stocks not surprisingly have the tsgineean as the majority of
these firms are not rate-of-return regulated fimth a ceiling on their ROE’s close to
their cost of capital. Interestingly, the standdeviations of the utility stock returns are
similar and slightly higher than large common stoclSkewness coefficients are small
and positive except for Ibbotson large common stetérn and CRSP returns that have
large positive skewness. This suggests that langegulated stocks have a tendency to
have more and larger positive shocks in returns tlwautilities that are return regulated.
The kurtosis values show that all of the risk premuie thick-tail distributed. This is also
found in the significant JB statistics that test tiull hypothesis that the data are normally

distributed. The null hypothesis is rejected fdir assets. The high kurtosis, low

skewness, and significant JB statistics show thatrisk premia data are substantially
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thick-tailed, except for non-utility stocks thateartoth skewed and thick-tailed.
Therefore, robust estimation methods are requi@dprioduce efficient regression
estimates with non-normal data. Additionally, aligh not shown but available upon
request, the serial correlation and ARCH Lagrangdtiplier tests show that residuals
from OLS regressions of risk premia on volatilitteow an ARCH process. Therefore,
the GARCH-M method will improve the efficiency dfdg estimates. We specify the
regression error distribution as a student’s Thso thick-tails could be accommodated in
the estimation and therefore produce more effigi@mameter estimates.

Table 2 shows the GARCH-M estimations for consuarptisset pricing equation
1. We have estimated equation 1 for the utilibcktreturns using the Fama-French risk-
free rate in addition to the risk differentiatedndoyields. The chosen measure of
volatility is the variance of risk premium. Theogé, which is the predicted return-to-
predicted risk coefficient and Sharpe ratio, isifpges and significant at the 99% level for
all assets except the utility stock returns wittaB@nds, which is significant at the 95%
level. Given that all slopes are positive, puhlidity stocks are not found to hedge
shocks to the marginal utility of consumption. &lthat the reward-to-risk slope rises as
bond rating rises. This suggests that lower risi#ityu stocks provide a higher
incremental risk-premium for an increase in cooaidl volatility. This is consistent
with other studies that find that lower risk assstsch as shorter maturity bonds, have
higher Sharpe Ratios than long-term bonds and sto8ee Pilotte and Sterbenz (2006)
and Michelfelder and Pilotte (2008).

The variance equation shows that all GARCH coedfits ’'s) are significant at
the 1% level and the sums g&f andf, are close to but less than 1.0, indicating that th

residuals of the return equation follow a GARCHagass and that the persistence of a
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volatility shock on required returns and prices taiity stocks is temporary. The
estimates of the T distribution degrees of freequmameter are low and significant,
indicating that the residuals are well approximdigdhe T. Similar values for the log-
likelihood functions (Log-L) show that each of tregressions have a similar goodness-
of-fit. Chi-square distributed likelihood ratiosts (not shown but available upon request)
that compare the goodness of fit among the T amohalospecifications of the likelihood
function of the GARCH-M regressions show that theak a significantly better fit than
the normal distribution.

The GARCH-M results for the large common stockdfpbo are similar to those
of the utility stocks. Large common stocks do hetilge shocks to marginal utility, and
volatility shocks temporarily affect their valuat® The exception is that the return-risk
slope is substantially higher than the utility &®c This is partially due to the risk-free
nature of the risk-free rates used with the nohitpstock returns compared to the utility
bond yields that reflect risk. The utility valué 21428 using the Fama-French risk-free
rate compares with the higher CRSP value of 3.38@8 is also based on the Fama-
French risk free rate. This is inconsistent witevous results herein and in other papers
that find that Sharpe Ratios are lower for highek massets. However, similar model
estimates of portfolios of common stocks yield abgt results, such as negative as well
as positive return-risk slopes when the interceptat restricted to zero. See Campbell
(1987), Glosten, Jaganathan, and Runkle (1993ydyg2001), and Whitelaw (1994).

Stock market results are highly sensitive to empirmodel specification. Many
studies do not consider the impact of a zero-iej@rprior restriction on the stability of
their results. This simple innovation has led tarenconsistent results in modeling stock

market risk-return relationships, and thereforehaee included it in this paper.
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The estimation of the consumption asset pricingdehdor utility stock risk
premia shows that the use of bond-rating risk-deffiéiated utility stock risk premia are
validated as their risk-return relationships ardl+fitted by theoretical and empirical
models of risk and return. Therefore, these daf@ound good representations of the risk
and reward relationship.

One concern is the intertemporal stability of thghas. Graph 1 plots the utility
stock portfolio alpha (using the Fama-FrenRhto calculate the premium) and its
standard error for 240 month rolling regressionthefmodel with GARCH-M to review
the intertemporal stability of the alpha. A 20 iypariod was used for each estimation to
trade off timeliness with sufficient observationugd and down stock market regimes and
business cycles. This resulted in 720 estimatpdaal from 1947 to 2007. The results
show that the utility alpha is stable to the extéat the algebraic sign is always positive
and generally significant, therefore the natureitdity stocks are assets that are not and
have never been hedges during the second haled@hcentury up to the present. The
value of the alpha does change substantially. riiéan of the alpha is 4.40 with a range
from -0.11 (insignificantly different from 0) to 186. As a comparison, the alpha for the
CRSP value-weighted stock index was also estimaitdrolling regressions in the same
manner and for the same time period. Graph Zpietaof the CRSP alpha and standard
error. Note that the general stock market alphainslar to that of utility stocks. They
are all positive and almost all statistically sfgrant and follow a strikingly similar cycle.
Graph 3 plots both the utility and stock markethalp and demonstrates the similarity.
The correlation coefficient between the utility astdck market alphas is 0.88. Recalling
that the alpha is a Sharpe Ratio, we see thatré&buiisk ratio does change substantially.

This is consistent with the results in Pilotte &tdrbenz (2006).
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One other interesting observation is that the stahérrors of the volatilities are
highly stable over the study period and are venyilar in magnitude regardless of the
size of the corresponding alpha. Whereas the afph@ws a cyclical pattern, the
volatility in alpha is highly stationary around enstant, long-run mean.

The GARCH-M model estimations of the consumptisaed pricing model were
specified with variance as the measure of volgtilWe also performed the same model
estimations with alternative specifications of vty such as the standard deviation and

the log of variance and the results were not seadib this specification.

4. Conclusion
The purpose of this paper is to introduce and goghly test a general

consumption based asset pricing model that is bases minimum of assumptions and
restrictions that can be used to predict the rigopum to be applied in estimating the
cost of common equity for public utilities in regtdry proceedings. The results support
the simple consumption-based asset pricing moaglptedicts the ex ante risk premium
with a conditionally predicted volatility in riskremium. Therefore the model should be
considered for providing additional evidence on tlest of common equity in general
and specifically in public utility regulatory prosgings. Secondly, the use of bond-rated
yields to predict risk differentiated equity riskemia is supported by the empirical
evidence and therefore should be applied in estgahe cost of common equity.
Finally, the robust empirical evidence on the pesitisk-return relationship also shows
that utility stocks are not a consumption hedge arel not good hedging securities

against contractions in the economy. The modelestunation methodology presented
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in this paper provides a relatively simple tootlgiermine whether any asset is a hedge to

adverse changes in the business cycle througleveédf consumption in the economy.
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Table 1
Descriptive Statistics: Public Utility and Large Canmon Stocks Equity Risk Premia

The public utility risk premia monthly time seriissfrom January 1928 to December 2007 with 960
observations. The monthly time series for the eaEpmmon Stocks is from January 1926 to December
2006 with 972 observations. The public utilitycks risk premia are calculated as the total retarthe
S&P Public Utilities Index of stocks minus the MgtslPublic Utility AA, A, and Baa Indices yields to
maturity. The Large Common Stock returns are tbathiy total returns on the Ibbotson Large Common
Stocks Portfolio. The bond yield is the Ibbotsamf-Term US Government Bonds Portfolio income
yield. The Jarque-Bera (JB) statistic is a goocioédit measure of the departure of the distribntaf a

data series from normality, based on the levekkefvness and excess kurtosis. The JB statisti is
distributed with 2 degrees of freedom. *** signdiat at 0.01 level, one-tailed test.

Utility
Bond Rating Mean Std. Dev. Skewness  Kurtosis JB
AA 0.0037 0.0568 0.0744 10.07 2,001.2%**
A 0.0035 0.0568 0.0632 10.06 1,991.8***
Baa 0.0031 0.0568 0.0375 10.02 1,973.6***
Ibbotson
Large 0.0054 0.0554 0.4300 1284  3.,954.7%
Common
Stocks
CRSP Value-
Weighted 0.0062 0.0544 0.2309 10.92 2,519.1***
Stock Index
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Table 2
Estimation of Return-Risk Relation: Public Utility and Large Common Stocks

The results below are the GARCH-in-Mean regressionthe common equity risk premiuf®..; — Y1)

on the conditional variance of the risk premi(ii,,) in the mean equation. The intercept in the mean
equation is restricted to be equal to zero. Téle premium is defined as the total ret(@iRy;) on the S&P
Public Utilities Stock Index minus the yie(dl.1) on the Moody’s Public Utilities Bond Index for the
specified bond rating. The data are range fronndign1928 to December 2007 with 960 monthly
observations and for Large Common Stocks from Jgnl@26 to December 2006 with 972 observations.
The public utility stocks risk premia are calcuthtes the total return on the S&P Public Utilitiesléx of
stocks minus the Moody’s Public Utility Aa, A, aBéa Indices yields to maturity. The Large Common
Stock returns are the monthly total returns onlihetson Large Common Stocks Portfolio and bonttlyie
is the Ibbotson Long-Term US Government Bonds Bliotincome yield. An additional model specifies
the yield as the Fama-French risk free rate thitds/ield and monthly holding period return onne-o
month US Treasury Bond. The estimated model is:

_ VOl [Mt+1]

corn[Misa, R+
Et[Mt+1] (Mo, Rl

_ 2 —
Rt+1 _Yt+1 =40, €. where 0=

oé1 = Lo+ ,510't2 + ,32£t2 + i+

The conditional distribution of the error ternth& student’s T to accommodate the kurtosis ofiie
premia and error term. Standard errors are in plagesas. ***, ** * denote significance at the 0,@05,
and 0.10 levels, respectively for two-tail tests.

Utilit .
Bon)(; T Dist.
Rating o ﬁo ﬁl ﬁz LOg-L D.F.
AA 1.5183*** 0.0000** 0.8791*** 0.1031*** 1,604.4 9.9254***
(0.5308) (0.0000) (0.0230) (0.0219) (3.0272)
A 1.4536*** 0.0000** 0.8790*** 0.1033*** 1,605.0 9.9381***
(0.5308) (0.0000) (0.0230) (0.0220) (3.0408)
Baa 1.3318** 0.0000** 0.8789*** 0.1040*** 1,605.2 10.0%**
(0.5303) (0.0000) (0.0229) (0.0220) (3.0540)
Fama-
2.1428** 0.0000** 0.8811*** 0.0979*** 1,601.0 9.873***
FrenchR
(0.5318) (0.0000) (0.0232) (0.0212) (2.9700)
Ibbotson
Large
Common 2.7753** 0.0001*** 0.8381*** 0.1186*** 1,620.8 8.8457**
Stocks
(0.5513) (0.0000) (0.0269) (0.0332) (2.1613)
CRSP
Value- 3.3873** 0.0001*** 0.8330*** 0.1149** 1,598.9
Weighted ) ' ' ) ! ) 8.8571**
Stock Index
(0.5673) (0.0000) (0.0270) (0.0358) (1.9505)
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Graph 1

Rolling 240 Month Utility Stock Alphas 1947 — 200
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Graph 2

Rolling 240 Month CRSP Value-Weighted Stock Alphad947 — 2007
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Graph 3

Rolling 240 Month CRSP and Utility Alphas 1947 2007
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