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I.   INTRODUCTION 

Q:  State your name and occupation. 1 

A: My name is David J. Garrett.  I am a consultant specializing in public utility regulation.  I 2 

am the managing member of Resolve Utility Consulting, PLLC.  I focus my practice on 3 

the primary capital recovery mechanisms for public utility companies:  cost of capital and 4 

depreciation. 5 

Q:  Summarize your educational background and professional experience. 6 

A: I received a B.B.A., with a major in Finance, an M.B.A., and a Juris Doctor from the 7 

University of Oklahoma.  I worked in private legal practice for several years before 8 

accepting a position as assistant general counsel at the Oklahoma Corporation 9 

Commission in 2011.  At the Oklahoma Commission, I worked in the Office of General 10 

Counsel in regulatory proceedings.  In 2012, I began working for the Public Utility 11 

Division as a regulatory analyst providing testimony in regulatory proceedings.  I am a 12 

Certified Depreciation Professional with the Society of Depreciation Professionals.  I am 13 

also a Certified Rate of Return Analyst with the Society of Utility and Regulatory 14 

Financial Analysts.  I have testified in many regulatory proceedings on cost of capital, 15 

depreciation, and other issues.  A more complete description of my qualifications and 16 

regulatory experience is included in my curriculum vitae.1 17 

Q: On whose behalf are you testifying in this proceeding? 18 

A: I am testifying on behalf of the Public Counsel Unit of the Washington Office of Attorney 19 

General (Public Counsel).   20 

                                                 

1 Exh. No. DJG-2. 
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Q: Describe the scope and organization of your testimony. 1 

A: The purpose of my testimony is to present an independent analysis and opinion of the 2 

cost of equity capital and a prudent capital structure for Avista Corp. (Avista or the 3 

Company).  Based on my estimates of the Company’s weighted average cost of capital, I 4 

present a recommendation for the allowed rate of return for the Company.  My testimony 5 

responds to the Direct Testimony of Adrien M. McKenzie.   6 

II.   OVERVIEW OF COST OF CAPITAL RECOMMENDATIONS 

Q: Explain the weighted average cost of capital and how the Company’s cost of equity 7 

and capital structure affect this equation.  8 

A: The term “cost of capital” refers to the weighted average cost of all types of securities 9 

within a company’s capital structure, including debt and equity. Determining the cost of 10 

debt is relatively straight-forward.  Interest payments on bonds are contractual, 11 

“embedded costs” that are generally calculated by dividing total interest payments by the 12 

book value of outstanding debt.  Determining the cost of equity, on the other hand, is 13 

more complex.  Unlike the known, contractual cost of debt, there is no explicit “cost” of 14 

common equity. To determine the appropriate cost of equity capital, companies must 15 

estimate the return their equity investors will demand in exchange for giving up their 16 

opportunity to invest in other securities or postponing their own consumption, in light of 17 

the level of risk associated with the investment.  Thus, the overall weighted average cost 18 

of capital (WACC), includes the cost of debt and the estimated cost of equity.  It is a 19 

“weighted average,” because it is based upon the Company’s relative levels of debt and 20 

equity.  Companies in the competitive market often use their WACC as the discount rate 21 



Dockets UE-170485 and UG-170486 (Consolidated) 
Response Testimony of DAVID J. GARRETT 

Exhibit DJG-1T 
 

Page 3 of 75 

   

to determine the value of various capital projects.  The basic WACC equation used in 1 

regulatory proceedings is presented below:2 2 

Equation 1: 
Weighted Average Cost of Capital 

𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊 =  �
𝐷𝐷

𝐷𝐷 + 𝐸𝐸�
𝑊𝑊𝐷𝐷 + �

𝐸𝐸
𝐷𝐷 + 𝐸𝐸�

𝑊𝑊𝐸𝐸 

where: WACC = weighted average cost of capital 
 D = book value of debt 
 CD = embedded cost of debt capital 
 E = book value of equity 
 CE = market-based cost of equity capital 

 
Thus, the term “cost of capital” is synonymous with the “weighted average cost of 3 

capital,” which includes both debt and equity components.  As discussed further below, 4 

the Commission’s determination of a fair awarded rate of return should be based on a 5 

reasonable estimate of the Company’s weighted average cost of capital.      6 

In this Application, the Company has proposed a cost of equity of 9.9 percent, as 7 

discussed in the direct testimony of Mr. McKenzie.  The Company has also proposed a 8 

cost of debt of 5.62 percent and a debt ratio of 50 percent.  These three factors equate to a 9 

proposed weighted average cost of capital of 7.7 percent for the Company.  In the 10 

sections below, I discuss several significant errors upon which the Company’s requested 11 

weighted average cost of capital is based. 12 

Q: Summarize your analyses and conclusions regarding Avista’s Cost of Equity.  13 

                                                 

2 See Exh. DJG-3 (Roger A. Morin, New Regulatory Finance 449-450 (Public Utilities Reports, Inc. 
2006)).  The traditional practice uses current market returns and market values of the company’s outstanding 
securities to compute the WACC, but in the ratemaking context, analysts usually employ a hybrid computation 
consisting of embedded costs of debt from the utilities books, and a market-based cost of equity.  Additionally, the 
traditional WACC equation usually accounts for the tax shield provided by debt, but taxes are accounted for 
separately in the ratemaking revenue requirement.  
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A: In formulating my recommendation, I performed thorough independent analyses to 1 

calculate Avista’s cost of equity.  To do this, I selected a proxy group of companies that 2 

represents a relevant sample with asset and risk profiles similar to those of Avista.    3 

Based on this proxy group, I evaluated the results of two widely-accepted financial 4 

models for calculating cost of equity: (1) the Discounted Cash Flow (DCF) model; and 5 

(2) the Capital Asset Pricing Model (CAPM).  I evaluated these models to ensure a 6 

balanced approach that meets the legal standards, objective market considerations, and 7 

regulatory goals for establishing an appropriate awarded return for Avista.  Based on my 8 

quantitative and qualitative analyses, as discussed throughout my testimony below, I 9 

recommend an awarded return on equity of 9.0 percent, which represents the midpoint 10 

within a reasonable a range of 8.75 percent and 9.25 percent.  While Avista’s actual cost 11 

of capital is much lower, my recommendation represents a gradual, rather than abrupt 12 

move toward true cost of capital.   13 

Q:   Summarize your analyses and conclusions regarding Avista’s capital structure.  14 

A: The Company’s capital structure includes 51.5 percent long-term debt and 48.5 percent 15 

common equity.  While it is often reasonable for utilities to have higher amounts of debt in 16 

their capital structures, my analysis in this case indicates that Avista’s proposed capital 17 

structure is reasonable.  18 

Q: What is the impact of your cost of capital recommendations?  19 

A: My cost of capital recommendations are illustrated in the following figure: 20 
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Figure 1:   
Awarded Rate of Return Recommendation3 

 

As shown in this figure, an awarded return on equity of nine percent with an equity ratio 1 

of 48.5 percent results in overall awarded return of 7.26 percent.     2 

Q: Provide an overview of the problems you have identified with the Company’s cost of 3 

capital estimate.     4 

A: In this case, Mr. McKenzie recommends a very high awarded rate of return of 9.9 5 

percent.  Mr. McKenzie recommendations are based on several models, including the 6 

CAPM and DCF Model, however, several of his key assumptions and inputs to these 7 

models violate fundamental, widely-accepted tenants in finance and valuation.   In the 8 

sections below, I will discuss my concerns regarding the Company’s requested cost of 9 

capital in further detail.  However, the key areas of concern are summarized as follows: 10 

                                                 

3 Exh. No. DJG-4 at 1. 

Source Capital Structure

Long-term Debt 51.50%

 

Cost Rates Weighted Cost

5.62% 2.89%

9.00% 4.37%
Common Equity 48.50%

8.75% 9.00% 4.24%

Awarded Rate of Return LOW RECOMMENDED HIGH

4.37%

7.14% 7.26% 7.26%
Recommended Range for
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1. In his DCF Model, Mr. McKenzie’s long-term growth rate for the proxy group is 1 
more than twice the long-term growth rate for the entire U.S. economy.  It is a 2 
fundamental concept in finance that, in the long run, a company cannot grow at a 3 
faster rate than the aggregate economy in which it operates; this is especially true 4 
for a regulated utility with a defined service territory. 5 

3. Mr. McKenzie’s estimate for the Equity Risk Premium (“ERP”), the single most 6 
important factor in estimating the cost of equity, is nearly twice as high as the 7 
estimate reported by thousands of other experts evaluating companies in a myriad 8 
of industries across the country.  Mr. McKenzie inappropriately bases his equity 9 
risk premium estimate in part on awarded returns in other jurisdictions – a non-10 
market factor that bears no meaningful relationship to the market-based ERP.    11 

4. Mr. McKenzie suggests that Company-specific risk factors have an increasing 12 
effect on its cost of equity.  However, this overlooks the fundamental concept that 13 
the market does not reward diversifiable, firm-specific risk; therefore, investors 14 
do not expect a return for such risk.  Mr. McKenzie also erroneously suggests that 15 
the Company’s relative size should have an increasing effect on its cost of equity 16 
despite the overwhelming evidence confirming that the “size premium” 17 
phenomenon was short-lived and has not been seen for over a quarter-century.  18 

In short, the assumptions employed by Mr. McKenzie skew the results of his financial 19 

models such that they do not reflect the economic realities of the market upon which cost 20 

of equity recommendation should be based.  In the testimony below, I demonstrate how 21 

correcting the various erroneous assumptions in the DCF and CAPM financial models 22 

results in appropriate ROE recommendations which better align with today’s market and 23 

Avista’s risk profile.  24 

III.   LEGAL STANDARDS FOR ESTABLISHING COST OF CAPITAL 

Q: Discuss the legal standards governing the allowed rate of return on capital 25 

investments for regulated utilities.   26 
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A: In Wilcox v. Consolidated Gas Co. of New York, the U.S. Supreme Court first addressed 1 

the meaning of a fair rate of return for public utilities.4  The Court found that “the amount 2 

of risk in the business is a most important factor” in determining the appropriate allowed 3 

rate of return.5  Later, in two landmark cases, the Court set forth the standards by which 4 

public utilities are allowed to earn a return on capital investments.  In Bluefield Water 5 

Works & Improvement Co. v. Public Service Commission of West Virginia, the Court 6 

held: 7 

A public utility is entitled to such rates as will permit it to earn a return on 
the value of the property which it employs for the convenience of the public 
. . . but it has no constitutional right to profits such as are realized or 
anticipated in highly profitable enterprises or speculative ventures.  The 
return should be reasonably sufficient to assure confidence in the financial 
soundness of the utility and should be adequate, under efficient and 
economical management, to maintain and support its credit and enable it to 
raise the money necessary for the proper discharge of its public duties.6 

 In Federal Power Commission v. Hope Natural Gas Company, the Court expanded on the 8 

guidelines set forth in Bluefield and stated: 9 

From the investor or company point of view it is important that there be 
enough revenue not only for operating expenses but also for the capital 
costs of the business. These include service on the debt and dividends on 
the stock.  By that standard the return to the equity owner should be 
commensurate with returns on investments in other enterprises having 
corresponding risks.  That return, moreover, should be sufficient to assure 
confidence in the financial integrity of the enterprise, so as to maintain its 
credit and to attract capital.7 [emphasis added]   

                                                 

4 Wilcox v. Consolidated Gas Co. of New York, 212 U.S. 19 (1909). 
5 Id. at 48. 
6 Bluefield Water Works & Improvement Co. v. Public Service Comm’n of West Virginia, 262 U.S. 679, 

692-93 (1923). 
7 Fed. Power Comm’n v. Hope Nat. Gas Co., 320 U.S. 591, 603 (1944) (emphasis added). 
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The cost of capital models I have employed in this case are in accord with all of the 1 

foregoing legal standards. 2 

Q: Is it important that the “allowed” rate of return be based on the Company’s actual 3 

cost of capital?   4 

A: Yes. The Supreme Court in Hope makes it clear that the allowed return should be based 5 

on the cost of capital.  Under the rate base rate of return model, a utility should be 6 

allowed to recover all of its reasonable expenses, its capital investments through 7 

depreciation, and a return on its capital investments sufficient to satisfy the required 8 

return of its investors.  The “required return” from the investors’ perspective is 9 

synonymous with the “cost of capital” from the utility’s perspective.  Scholars agree that 10 

the allowed rate of return should be based on the cost of capital:  11 

Since by definition the cost of capital of a regulated firm represents 
precisely the expected return that investors could anticipate from other 
investments while bearing no more or less risk, and since investors will not 
provide capital unless the investment is expected to yield its opportunity 
cost of capital, the correspondence of the definition of the cost of capital 
with the court’s definition of legally required earnings appears clear.8 

The models I have employed in this case closely estimate the Company’s true cost of 12 

equity.  If the Commission sets the awarded return based on my lower, and more 13 

reasonable rate of return, it will comply with the Supreme Court’s standards, allow the 14 

Company to maintain its financial integrity, and satisfy the claims of its investors.  On the 15 

other hand, if the Commission sets the allowed rate of return much higher than the true 16 

                                                 

8 Exh. No. DJG-5 (A. Lawrence Kolbe, James A. Read, Jr. & George R. Hall, The Cost of Capital: 
Estimating the Rate of Return for Public Utilities 21 (The MIT Press 1984)).  
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cost of capital, it arguably results in an inappropriate transfer of wealth from ratepayers to 1 

shareholders. This point is underscored as follows:   2 

[I]f the allowed rate of return is greater than the cost of capital, capital 
investments are undertaken and investors’ opportunity costs are more than 
achieved.  Any excess earnings over and above those required to service 
debt capital accrue to the equity holders, and the stock price increases.  In 
this case, the wealth transfer occurs from ratepayers to shareholders.9   

Thus, it is important to understand that awarded returns and actual cost of capital are two 3 

separate concepts.  Awarded returns are set through the regulatory process and may be 4 

influenced by a number of factors other than objective market drivers.   Cost of capital, 5 

on the other hand, should be evaluated objectively and closely tie to the economic market 6 

realities.  In other words, cost of capital it is driven by stock prices, dividends, growth 7 

rates, and most importantly – it is driven by risk.  Cost of capital can be estimated 8 

through the use of financial models used by firms, investors, and academics around the 9 

world for decades.  The problem is, with respect to regulated utilities, there has been a 10 

trend in which awarded returns fail to closely track with actual market-based cost of 11 

capital.  To the extent this occurs, the results are detrimental to ratepayers and the state’s 12 

economy. 13 

Q: If the Commission sets the allowed return at a level far greater than the market-14 

based cost of capital, will this permit an excess transfer of wealth from Washington 15 

ratepayers to Company shareholders and the federal government?   16 

A: Yes.  As discussed further in the sections below, Mr. McKenzie’s recommendation of a 17 

9.9 percent awarded ROE is far higher than Avista’s true cost of capital based on 18 

                                                 

9 Exh. No. DJG-3 at 23-24. 
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objective market data and risk profiles of comparable firms.  If the Commission were to 1 

adopt the Company’s position in this case, it would be permitting an excess transfer of 2 

wealth from Washington customers to Company shareholders. In addition, it would be 3 

permitting an excess transfer of wealth from Washington citizens to the Internal Revenue 4 

Service.  The detrimental impact to ratepayers and the state’s economy is clear.  5 

Establishing an awarded return based on flawed assumptions which overstate the cost of 6 

capital effectively prevents the awarded returns from changing along with economic 7 

conditions.  As shown in the figure below, awarded returns for public utilities have been 8 

well above the average required market return for at least ten years.  Due to the fact that 9 

utility stocks are consistently far less risky than the average stock in the marketplace, the 10 

cost of equity for utility companies are less than the required return on the market.     11 

 / / 12 

 13 

 / / / 14 

 15 

 / / / / 16 

 17 

 / / / / / 18 

 19 

 / / / / / / 20 

 21 

 / / / / / / / 22 
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Figure 2: 
Awarded Returns on Equity vs. Required Market Returns (2005 – 2015)10  

 

The gap between the average awarded returns and utility cost of equity (which is 1 

below the bottom line showing required market returns), has resulted in an excess of 2 

ratepayer wealth being transferred to utility shareholders and the IRS for at least 10 years.  3 

This is likely due, in part, to the fact that many years ago (in the 1990s) interest rates 4 

were much higher, with average required market return around 12 percent.  In that 5 

environment, the cost of equity for low-risk utility stocks might have been about 9 6 

percent.  Since that time, however, interest rates have dramatically declined among other 7 

economic changes, and it is clear that awarded returns have failed to keep pace with 8 

decreasing equity costs.   9 

                                                 

10 See Exh. DJG-4 at 14. 
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It is not hard to see why this trend of inflating awarded returns has occurred in the 1 

past.  Because awarded returns have at times been based in part on a comparison with 2 

other awarded returns, the average awarded returns effectively fail to adapt to true market 3 

conditions. Once utility companies and regulatory commissions become accustomed to 4 

awarding rates of return higher than market conditions actually require, this trend 5 

becomes difficult to reverse. The fact is, utility stocks are less risky than the average 6 

stock in the market. As such, the required returns (cost of equity) on utility stocks should 7 

be less than the average required returns on the market.  However, that is often not the 8 

case.  What we have seen instead is a disconnect from the market-based cost of equity. 9 

For these reasons, the Commission should strive to move the awarded return to a level 10 

more closely aligned with the Company’s actual, market-derived cost of capital while 11 

keeping in mind the following principles:     12 

1. Risk is the most important factor when determining the awarded return. The 
awarded return should be commensurate with those on investments of 
corresponding risk. 

The legal standards articulated in Hope and Bluefield demonstrate that the Court 13 

understands one of the most basic, fundamental concepts in financial theory:  the more 14 

(less) risk an investor assumes, the more (less) return the investor requires.  Since utility 15 

stocks are very low risk, the return required by equity investors should be relatively low.  16 

I have used financial models in this case to closely estimate the Company’s cost of 17 

equity, and these financial models account for risk.   The public utility industry is one of 18 

the least risky industries in the entire country.  This is not surprising due to the presence 19 

of stable revenues, captive customers, the consistent demand for utility service, and 20 

operations that are essentially supported by the state.  This means that, in the long run, 21 
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the profits realized in riskier industries should be higher than the profits realized in the 1 

utility industry.  To the extent awarded returns for utilities remain comparatively higher 2 

than the returns for companies in riskier industries, this is further evidence of the 3 

disconnect resulting from the regulatory process, rather than financial or market drivers.  4 

2. The awarded return should be sufficient to assure financial soundness under 
efficient management. 

Because awarded returns in the regulatory environment have not closely tracked market-5 

based trends and commensurate risk, utility companies have been able to remain more 6 

than financially sound, perhaps in spite of management efficiencies.  In fact, the transfer 7 

of wealth from ratepayers to shareholders has been so far removed from actual cost-based 8 

drivers, that even under relatively inefficient management a utility could remain 9 

financially sound.  Therefore, regulatory commissions should strive to set the awarded 10 

return to a regulated utility at a level based on accurate market conditions, to promote 11 

prudent and efficient management and minimize economic waste.     12 

IV.   GENERAL CONCEPTS AND METHODOLOGY 

Q: Discuss your general approach in estimating the cost of equity in this case. 13 

A: While a competitive firm must estimate its own cost of capital to assess the profitability 14 

capital projects, regulators should determine a utility’s cost of capital to establish a fair 15 

rate of return.  The legal standards set forth above do not include specific guidelines 16 

regarding the specific models that must be used to estimate the cost of equity.  Over the 17 

years, however, regulatory commissions have consistently relied on several models.  The 18 

models I have employed in this case have been widely used and accepted in regulatory 19 

proceedings for many years.  These models include the Discounted Cash Flow Model 20 
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(DCF) and the Capital Asset Pricing Model (CAPM).  The specific inputs and 1 

calculations for these models are described in more detail below.        2 

Q: Explain why you used multiple models to estimate the cost of equity. 3 

A: The models used to estimate the cost of equity attempt to measure the required return of 4 

equity investors by estimating a number of different inputs.  It is preferable to use 5 

multiple models because the results of any one model may contain a degree of 6 

inconsistency, especially depending on the reliability of the inputs used at the time of 7 

conducting the model.  By using multiple models, the analyst can compare the results of 8 

the models and look for outlying results and inconsistencies.  Likewise, if multiple 9 

models produce a similar result, it may indicate a more narrow range for the cost of 10 

equity estimate.11 11 

V.   THE PROXY GROUP  

Q: Explain the benefits of choosing a proxy group of companies in conducting cost of 12 

capital analyses. 13 

A: The cost of equity models in this case can be used to estimate the cost of capital of any 14 

individual, publicly-traded company.  There are advantages, however, to conducting cost 15 

of capital analysis on a “proxy group” of companies that are comparable to the target 16 

company.  First, it is better to assess the financial soundness of a utility by comparing it a 17 

group of other financially sound utilities.  Second, using a proxy group provides more 18 

reliability and confidence in the overall results because there is a larger sample size.  19 

                                                 

11 Exh. No. DJG-3, Morin at 28. 
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Finally, the use of a proxy group is often a pure necessity when the target company is a 1 

subsidiary that is not publicly traded, as is the case with Avista.  This is because the 2 

financial models used in this case require information from publicly-traded firms, such as 3 

stock prices and dividends.    4 

Q: Describe the proxy group you selected. 5 

A: In this case, each utility company within my proxy group was also used in Mr. 6 

McKenzie’s proxy group.  There could be reasonable arguments made for the inclusion 7 

or exclusion of particular companies in a proxy group, but for all intents and purposes, 8 

the cost of equity estimates in rate cases are influenced far more by the assumptions and 9 

inputs to the various financial models than the composition of the proxy groups.  A 10 

summary of the proxy group appears in my Exhibit DJG-4 at page 2.   11 

VI.   RISK AND RETURN CONCEPTS 

Q: Discuss the general relationship between risk and return. 12 

A: As discussed above, risk is among the most important factors for the Commission to 13 

consider when determining the allowed return.  In order to comply with this standard, it is 14 

necessary to understand the relationship between risk and return.  There is a direct 15 

relationship between risk and return: the more (or less) risk an investor assumes, the 16 

larger (or smaller) return the investor will demand.  There are two primary types of risk 17 

that affect equity investors: firm-specific risk and market risk.  Firm-specific risk affects 18 

individual firms, while market risk affects all companies in the market to varying 19 

degrees. 20 

Q: Discuss the differences between firm-specific risk and market risk. 21 
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A: Firm-specific risk affects individual companies, rather than the entire market.  For 1 

example, a competitive firm might overestimate customer demand for a new product, 2 

resulting in reduced sales revenue.  This is an example of project risk.12  There are 3 

several other types of firm-specific risks, including:  (1) financial risk – the risk that 4 

equity investors of leveraged firms face as residual claimants on earnings; (2) default risk 5 

– the risk that a firm will default on its debt securities; and (3) business risk – which 6 

encompasses all other operating and managerial factors that may result in investors 7 

realizing more or less than their expected return in that particular company.  While firm-8 

specific risk affects individual companies, market risk affects all companies in the market 9 

to varying degrees.  Examples of market risk include interest rate risk, inflation risk, and 10 

the risk of major socio-economic events.  When there are changes in these risk factors, 11 

they affect all firms in the market to some extent.13 12 

Q: Is it possible for investors to mitigate or eliminate firm-specific risk? 13 

A: Yes.  One of the fundamental concepts in finance is that firm-specific risk can be 14 

eliminated through diversification.14  If someone irrationally invested all of their funds in 15 

one firm, they would be exposed to all of the firm-specific risk and the market risk 16 

inherent in that single firm.  Rational investors, however, are risk-averse and seek to 17 

eliminate risk they can control.  Investors can eliminate firm-specific risk by simply 18 

adding more stocks to their portfolio through a process called “diversification.”  There 19 

                                                 

12 Exh. DJG-6 (Aswath Damodaran, Investment Valuation:  Tools and Techniques for Determining the 
Value of Any Asset 62-63 (3rd ed., John Wiley & Sons, Inc. 2012)). 

13 Exh. DJG-7 (Zvi Bodie, Alex Kane & Alan J. Marcus, Essentials of Investments 149 (9th ed., McGraw-
Hill/Irwin 2013)). 

14 Exh. No. DJG-8 (John R. Graham, Scott B. Smart & William L. Megginson, Corporate Finance:  
Linking Theory to What Companies Do 179-80 (3rd ed., South Western Cengage Learning 2010)). 
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are two reasons why diversification eliminates firm-specific risk.  First, each stock in a 1 

diversified portfolio represents a much smaller percentage of the overall portfolio than it 2 

would in a portfolio of just one or a few stocks.  Thus, any firm-specific action that 3 

changes the stock price of one stock in the diversified portfolio will have only a small 4 

impact on the entire portfolio.15  For example, an investor who had his or his entire 5 

portfolio invested in Enron stock at the beginning of 2001 would have lost the entire 6 

investment by the end of the year, as a result of exposure to the firm-specific risk of 7 

Enron’s imprudent management.  On the other hand, a rational, diversified investor who 8 

owned every stock in the S&P 500 would have actually earned a positive return over the 9 

same period of time.   10 

  The second reason why diversification eliminates firm-specific risk is that the 11 

effects of firm-specific actions on stock prices can be either positive or negative for each 12 

stock.  Thus, in large portfolios, the net effect of these positive and negative firm-specific 13 

risk factors will be essentially zero and will not affect the value of the overall portfolio.16  14 

Firm-specific risk is also called “diversifiable risk” due to the fact that it can be easily 15 

eliminated through diversification.    16 

Q: Is the assumption of firm-specific risk rewarded by the market through higher 17 

returns? 18 

A: No.  Because investors eliminate firm-specific risk through diversification, they know 19 

they cannot expect a higher return for assuming the firm-specific risk in any one 20 

                                                 

15 Exh. No. DJG-6, Damodaran at 64. 
16 Id. 



Dockets UE-170485 and UG-170486 (Consolidated) 
Response Testimony of DAVID J. GARRETT 

Exhibit DJG-1T 
 

Page 18 of 75 

   

company.  Thus, the risks associated with an individual firm’s operations, as well as 1 

managerial risk and default risk are not rewarded by the market.  In fact, firm-specific 2 

risk is also called “unrewarded” risk for this reason.  Market risk, on the other hand, 3 

cannot be eliminated through diversification.  Market risks, such as interest rate risk and 4 

inflation risk, affect all stocks in the market to different degrees.  Because market risk 5 

cannot be eliminated through diversification, investors who assume higher levels of 6 

market risk also expect higher returns.  Market risk is also called “systematic risk.”  7 

Scholars agree:  “If investors can cheaply eliminate some risks through diversification, 8 

then we should not expect a security to earn higher returns for risks that can be eliminated 9 

through diversification.  Investors can expect compensation only for bearing systematic 10 

risk (i.e., risk that cannot be diversified away).”17   11 

These important concepts are illustrated in the figure below. 12 

/ / 13 

 14 

/ / / 15 

 16 

/ / / /  17 

 18 

/ / / / / 19 

 20 

/ / / / / / 21 

                                                 

17 Exh. DJG-8, Graham, Smart & Megginson at 180 (emphasis added). 
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Figure 3: 
Effects of Portfolio Diversification 

 

This figure shows that as stocks are added to a portfolio, the amount of firm-specific risk 1 

is reduced until it is essentially eliminated.  No matter how many stocks are added, 2 

however, there remains a certain level of fixed market risk.  The level of market risk will 3 

vary from firm to firm.  Market risk is the only type of risk that is rewarded by the 4 

market, and is thus the primary type of risk the Commission should consider when 5 

determining the allowed return.          6 

Q: Describe how market risk is measured. 7 

A: Investors who want to eliminate firm-specific risk must hold a fully diversified portfolio.  8 

To determine the amount of risk that a single stock adds to the overall market portfolio, 9 

investors measure the covariance between a single stock and the market portfolio.  The 10 

result of this calculation is called “beta.”18  Beta represents the sensitivity of a given 11 

                                                 

18 Id. at 180-81. 
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security to the market as a whole.  The market portfolio of all stocks has a beta equal to 1 

one.  Stocks with betas greater than one are relatively more sensitive to market risk than 2 

the average stock.  For example, if the market increases (decreases) by 1.0 percent, a 3 

stock with a beta of 1.5 will, on average, increase (decrease) by 1.5 percent.  In contrast, 4 

stocks with betas of less than one are less sensitive to market risk.  For example, if the 5 

market increases (decreases) by 1.0 percent, a stock with a beta of 0.5 will, on average, 6 

only increase (decrease) by 0.5 percent.  Thus, stocks with low betas are relatively 7 

insulated from market conditions.  The beta term is used in the Capital Asset Pricing 8 

Model to estimate the required return on equity, which is discussed in more detail later.  9 

Q: Please describe the level of risk typically associated with of public utilities. 10 

A: Recall that although market risk affects all firms in the market, it affects different firms to 11 

varying degrees.  Firms with high betas are affected more than firms with low betas, 12 

which is why firms with high betas are riskier.  Stocks with betas greater than one are 13 

generally known as “cyclical stocks.”  Firms in cyclical industries are sensitive to 14 

recurring patterns of recession and recovery known as the “business cycle.”19  Thus, 15 

cyclical firms are exposed to a greater level of market risk.  Securities with betas less 16 

than one, other the other hand, are known as “defensive stocks.”  Companies in defensive 17 

industries, such as public utility companies, “will have low betas and performance that is 18 

comparatively unaffected by overall market conditions.”20  The figure below compares 19 

the betas of several industries and illustrates that the utility industry is one of the least 20 

                                                 

19  Exh. DJG-7, Bodie, Kane & Marcus at 382. 
20 Id. at 383. 
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risky industries in the U.S. market.21 1 

Figure 4: Beta by Industry 

 

 The fact that utilities are defensive firms that are exposed to little market risk is beneficial 2 

to society.  When the business cycle enters a recession, consumers can be assured that 3 

their utility companies will be able to maintain normal business operations, and utility 4 

investors can be confident that utility stock prices will not widely fluctuate.  Thus, 5 

because utilities are defensive firms that experience little market risk and are relatively 6 

insulated from market conditions, this fact should also be appropriately reflected in the 7 

Commission’s awarded rate of return.   8 

Q: Does this generally mean that investors in firms with low betas require a smaller 9 

return than the average required return on the market? 10 

                                                 

21 Exh. DJG-9, Betas by Sector (US) at http://pages.stern.nyu.edu/~adamodar/.  The exact beta calculations 
are not as important as illustrating the well-known fact that utilities are very low-risk companies.  The fact that the 
utility industry is one of the lowest risk industries in the country should not change from year to year. 
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A: Yes.  This is the basic concept of the risk and return doctrine: The more (less) risk an 1 

investor assumes, the larger (smaller) return the investor will demand.  So, if a particular 2 

stock is less risky than the market average, then an investor in that stock will require a 3 

smaller return than the average return on the market.  Since utilities are low-risk 4 

companies with low betas, the required return (i.e., cost of capital) for utilities should be 5 

lower than the required return on the overall market. 6 

Q: Are there other reasons Commission-awarded returns on equity have exceeded the 7 

required market returns for at least the last ten years? 8 

A: Although it is indisputable that the true required return on utility stocks is less than the 9 

required return on the overall market, commission-awarded returns on equity have often 10 

exceeded market returns over the past ten years.22  In addition to other factors discussed 11 

above, many awarded returns arise as the result of settlements.  Settled returns are 12 

generally higher than market-based cost of capital because utilities may make 13 

concessions with other issues in a rate case in exchange for obtaining a higher awarded 14 

return.  When awarded returns exceed the cost of equity, it results in an inappropriate 15 

transfer of wealth from ratepayers to shareholders and the federal government.  Moving 16 

the allowed return closer to the Company’s cost of equity in this case will comply with 17 

the requisite legal standards, track more closely with market conditions, allow the 18 

Company to remain financially healthy, and reduce the burden on ratepayers.        19 

                                                 

22 See Exh. DJG-4 at 14.   
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VII.   DISCOUNTED CASH FLOW ANALYSIS 

Q: Describe the Discounted Cash Flow model. 1 

A: The Discounted Cash Flow (“DCF”) Model is based on a fundamental financial model 2 

called the “dividend discount model,” which maintains that the value of a security is 3 

equal to the present value of the future cash flows it generates.  Cash flows from common 4 

stock are paid to investors in the form of dividends.  There are several variations of the 5 

DCF Model.  In its most general form, the DCF Model is expressed as follows:23 6 

Equation 2: 
General Discounted Cash Flow 

𝑃𝑃0 =
𝐷𝐷1

(1 + 𝑘𝑘) +
𝐷𝐷2

(1 + 𝑘𝑘)2 + ⋯+
𝐷𝐷𝑛𝑛

(1 + 𝑘𝑘)𝑛𝑛 

where: P0 = current stock price 
 D1 … Dn = expected future dividends 
 k = discount rate / required return 

 

The General DCF Model would require an estimation of an infinite stream of dividends.  7 

Since this would be impractical, analysts use more feasible variations of the General DCF 8 

Model, which are discussed further below.    9 

Q: Describe the assumptions underlying all DCF Models. 10 

A: Yes.  The DCF Models rely on the following four assumptions:24 11 

1. Investors evaluate common stocks in the classical valuation 12 
framework; that is, they trade securities rationally at prices 13 
reflecting their perceptions of value; 14 

                                                 

23 Exh. DJG-7, Bodie, Kane & Marcus at 410. 
24 Exh. DJG-3, Morin at 252. 
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2. Investors discount the expected cash flows at the same rate (K) in 1 
every future period; 2 

3. The K obtained from the DCF equation corresponds to that specific 3 
stream of future cash flows alone; and 4 

4. Dividends, rather than earnings, constitute the source of value.   5 

Q: Describe the Constant Growth DCF Model.   6 

A: The General DCF can be rearranged to make it more practical for estimating the cost of 7 

equity.  Regulators typically rely on some variation of the Constant Growth DCF Model, 8 

which is expressed as follows: 9 

Equation 3: 
Constant Growth Discounted Cash Flow 

𝐾𝐾 =
𝐷𝐷1
𝑃𝑃0

+ 𝑔𝑔 

where: K = discount rate / required return on equity 
 D1 = expected dividend per share one year from now 
 P0 = current stock price 
 g = expected growth rate of future dividends 

 10 

 Unlike the General DCF Model, the Constant Growth DCF Model solves directly for the 11 

required return (K).  In addition, by assuming that dividends grow at a constant rate, the 12 

dividend stream from the General DCF Model may be essentially substituted with a term 13 

representing the expected constant growth rate of future dividends (g).  The Constant 14 

Growth DCF Model may be considered in two parts.  The first part is the dividend yield 15 

(D1/P0), and the second part is the growth rate (g).  In other words, the required return in 16 

the DCF Model is equivalent to the dividend yield plus the growth rate.   17 

Q: Does utilization of the Constant Growth DCF Model require additional assumptions? 18 
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A: Yes. In addition to the four assumptions listed above, the Constant Growth DCF Model 1 

relies on four additional assumptions as follows:25 2 

1. The discount rate (K) must exceed the growth rate (g); 3 

2. The dividend growth rate (g) is constant in every year to infinity; 4 

3. Investors require the same return (K) in every year; and 5 

4. There is no external financing; that is, growth is provided only by 6 
the retention of earnings. 7 

Since the growth rate is assumed to be constant, it is important not to use growth rates 8 

that are unreasonably high.  In fact, the constant growth rate estimate for a regulated 9 

utility with a defined service territory should not exceed the growth rate for the economy 10 

in which it operates. 11 

Q: Describe the Quarterly Approximation DCF Model. 12 

A: The basic form of the Constant Growth DCF Model described above is sometimes 13 

referred to as the “Annual” DCF Model.  This is because the model assumes an annual 14 

dividend payment to be paid at the end of every year, as well as an increase in dividends 15 

once each year.  In reality, however, most utilities pay dividends on a quarterly basis.  16 

The Constant Growth DCF equation may be modified to reflect the assumption that 17 

investors receive successive quarterly dividends and reinvest them throughout the year at 18 

the discount rate.  This variation is called the Quarterly Approximation DCF Model.26 19 

                                                 

25 Exh. DJG-3, Morin at 254-56. 
26 Exh. DJG-3, Morin at 348. 
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Equation 4: 
Quarterly Approximation Discounted Cash Flow 

𝐾𝐾 = �
𝑑𝑑0(1 + 𝑔𝑔)1/4

𝑃𝑃0
+ (1 + 𝑔𝑔)1/4�

4

− 1 

where: K = discount rate / required return 
 d0 = current quarterly dividend per share 
 P0 = stock price 
 g = expected growth rate of future dividends 

 

The Quarterly Approximation DCF Model assumes that dividends are paid quarterly and 1 

that each dividend is constant for four consecutive quarters. All else held constant, this 2 

model actually results in the highest cost of equity estimate for the utility in comparison 3 

to other DCF Models because it accounts for the quarterly compounding of dividends.  4 

There are several other variations of the Constant Growth (or Annual) DCF Model, 5 

including a Semi-Annual DCF Model which is used by the Federal Energy Regulatory 6 

Commission (FERC).  These models, along with the Quarterly Approximation DCF 7 

Model, have been accepted in regulatory proceedings as useful tools for estimating the 8 

cost of equity.  For this case, I have chosen to use the Quarterly Approximation DCF 9 

Model described above.   10 

Q: Describe the inputs to the DCF Model. 11 

A: There are three primary inputs in the DCF Model: (1) stock price (P0); (2) dividend (d0); 12 

and (3) growth rate (g).  The stock prices and dividends are known inputs based on recorded 13 

data, while the growth rate projection must be estimated.  I will discuss each of these inputs 14 

in turn.  15 
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A.   Stock Price 

�𝐾𝐾 =
𝐷𝐷1
𝑷𝑷𝟎𝟎

+ 𝑔𝑔� 

Q: Describe how you determined the stock price input of the DCF Model. 1 

A: For the stock price (P0), I used a 30-day average of stock prices for each company in the 2 

proxy group.27  Analysts sometimes rely on average stock prices for longer periods (e.g., 3 

60, 90, or 180 days).  According to the efficient market hypothesis, however, markets 4 

reflect all relevant information available at a particular time, and prices adjust 5 

instantaneously to the arrival of new information.28  Past stock prices, in essence, reflect 6 

outdated information.  The DCF Model used in utility rate cases is a derivation of the 7 

dividend discount model, which is used to determine the current value of an asset.  Thus, 8 

according to the dividend discount model and the efficient market hypothesis, the value 9 

for the “P0” term in the DCF Model should technically be the current stock price, rather 10 

than an average.   11 

Q: Explain why you used a 30-day average for the current stock price input.  12 

A: Using a short-term average of stock prices for the current stock price input adheres to 13 

market efficiency principles which avoiding any irregularities that may arise from using a 14 

single current stock price.  In the context of a utility rate proceeding there is a significant 15 

length of time from when an application is filed and responsive testimony is due.  16 

                                                 

27 See Exh. DJG-4 at 3. 
28 Exh. DJG-10 (Eugene F. Fama, Efficient Capital Markets:  A Review of Theory and Empirical Work, 

Vol. 25, No. 2 The Journal of Finance 383 (1970)); Exh. DJG-8, Graham, Smart & Megginson at 357.  The efficient 
market hypothesis was formally presented by Eugene Fama in 1970, and is a cornerstone of modern financial theory 
and practice. 
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Choosing a current stock price for one particular day during that time could raise a 1 

separate issue concerning which day was chosen to be used in the analysis.  In addition, a 2 

single stock price on a particular day may be unusually high or low.  It is arguably ill-3 

advised to use a single stock price in a model that is ultimately used to set rates for 4 

several years, especially if a stock is experiencing some volatility.  Thus, it is preferable 5 

to use a short-term average of stock prices, which represents a good balance between 6 

adhering to well-established concepts of market efficiency while avoiding any 7 

irregularities that may arise from using a single stock price on a given day.  The stock 8 

prices I used in my DCF analysis are based on 30-day averages of adjusted closing stock 9 

prices for each company in the proxy group.29 10 

B.   Dividend 

�𝐾𝐾 =
𝐃𝐃𝟏𝟏

𝑃𝑃0
+ 𝑔𝑔� 

Q: Describe how you determined the dividend input of the DCF Model. 11 

A: The dividend term in the Quarterly Approximation DCF Model is the current quarterly 12 

dividend per share.  I obtained the quarterly dividend paid in the fourth quarter of 2016 13 

for each proxy company.30  The Quarterly Approximation DCF Model assumes that the 14 

company increases its dividend payments each quarter.  Thus, the model assumes that 15 

each quarterly dividend is greater than the previous one by (1 + g)0.25.  This expression 16 

                                                 

29 Exh. DJG-4 at 3.  Adjusted closing prices, rather than actual closing prices, are ideal for analyzing 
historical stock prices.  The adjusted price provides an accurate representation of the firm’s equity value beyond the 
mere market price because it accounts for stock splits and dividends.  

30 Nasdaq Dividend History, http://www.nasdaq.com/quotes/dividend-history.aspx. 

http://www.nasdaq.com/quotes/dividend-history.aspx
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could be describe as the dividend quarterly growth rate, where the term “g” is the growth 1 

rate and the exponential term “0.25” signifies one quarter of the year. 2 

Q: Does the Quarterly Approximation DCF Model result in the highest cost of equity 3 

relative to other DCF Models, all else held constant? 4 

A: Yes.  The DCF Model I employed in this case results in a higher DCF cost of equity 5 

estimate than the annual or semi-annual DCF Models due to the quarterly compounding 6 

of dividends inherent in the model. 7 

C.   Growth Rate 

�𝐾𝐾 =
D1

𝑃𝑃0
+ �𝒈𝒈  

Q: Explain the importance of the growth rate input in the DCF Model. 8 

A: The most critical input in the DCF Model is the growth rate.  Unlike the stock price and 9 

dividend inputs, the growth rate must be estimated.  As a result, the growth rate is often 10 

the most contentious DCF input in utility rate cases.  The DCF model used in this case is 11 

based on the constant growth valuation model.  As stated above, one of the inherent 12 

assumptions of this model is that dividends grow at a constant rate forever.  Thus, the 13 

growth rate term in the constant growth DCF model is often called the “constant,” 14 

“stable,” or “terminal” growth rate.   For young, high-growth firms, estimating the 15 

growth rate to be used in the model can be especially difficult.  For mature, low-growth 16 

firms such as utilities, however, estimating the terminal growth rate is more 17 

straightforward, as discussed further below. 18 
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Q: Is it widely accepted that the terminal growth rate cannot exceed the growth rate of 1 

the economy, especially for a regulated utility company? 2 

A: Yes.  A fundamental concept in finance is that no firm can grow forever at a rate higher 3 

than the growth rate of the economy in which it operates.31  Thus, the terminal growth 4 

rate used in the DCF Model should not exceed the aggregate economic growth rate.  This 5 

is especially true when the DCF Model is conducted on public utilities because these 6 

firms usually have defined service territories beyond which they cannot grow.  As stated 7 

by Dr. Damodaran:  “If a firm is a purely domestic company, either because of internal 8 

constraints . . . or external constraints (such as those imposed by a government), the 9 

growth rate in the domestic economy will be the limiting value.”32  In fact, it is 10 

reasonable to assume that a regulated utility would grow at a rate that is less than the U.S. 11 

economic growth rate.  Unlike competitive firms, which might increase their growth by 12 

launching a new product line, franchising, or expanding into new and developing 13 

markets, public utilities cannot do any of these things to grow.  Gross domestic product 14 

(GDP) is one of the most widely-used measures of economic production, and is used to 15 

measure aggregate economic growth.  According to the Congressional Budget Office’s 16 

Budget Outlook, the long-term forecast for nominal U.S. GDP growth is 4.1 percent, 17 

which includes an inflation rate of two percent.33  For mature companies in mature 18 

industries, such as utility companies, the terminal growth rate will likely fall between the 19 

                                                 

31 Exh. DJG-6, Damodaran at 306. 
32 Id.  
33 Exh. DJG-11 (Congressional Budget Office Long-Term Budget Outlook, 

https://www.cbo.gov/publication/51580).  

https://www.cbo.gov/publication/51580
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expected rate of inflation and the expected rate of nominal GDP growth.  Thus, Avista’s 1 

terminal growth rate is between two percent and 4.1 percent.    2 

Q: Is it reasonable to assume that the terminal growth rate will not exceed the risk-free 3 

rate?  4 

A: Yes.  In the long term, the risk-free rate will converge on the growth rate of the economy.  5 

For this reason, financial analysts often use the risk-free rate for the terminal growth rate 6 

value in the DCF model.34  I discuss the risk-free rate in further detail later in this 7 

testimony.   8 

Q: Why it is important when analyzing utility growth rates to consider the qualitative 9 

aspects of growth in addition to the quantitative aspects?  10 

A: When analyzing growth rates for any firm, there are several quantitative methods and 11 

various growth determinants that can be used in the analysis.  These can include both 12 

historical and projected analyses of revenue, operating income, net income, earnings, 13 

dividends, and other determinants.35  While it may be important to consider one or more 14 

of these quantitative growth determinants, it may be even more important to consider 15 

qualitative aspects of growth when analyzing a regulated utility.  This is because a 16 

utility’s growth in dividends or earnings is going to be primarily driven by the return on 17 

equity awarded by the regulator.  This creates a circular reference problem.  In other 18 

words, if a regulator awards a higher ROE than the market anticipated, this could lead to 19 

higher growth rate estimates from analysts; if those same estimates are used in the DCF 20 

                                                 

34 Exh. DJG-6, Damodaran at 307. 
35 Exh. DJG-6, Damodaran at 271-302. 
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Model in the next rate case, it could lead to a higher awarded ROE; and the cycle 1 

continues.  Therefore, it is important to begin the analysis with this simple qualitative 2 

question:  How is this utility going to grow in the future?  If this question were asked of a 3 

competitive firm, there could be a number of answers depending on the line of business, 4 

such as launching a new product line, engaging in mergers and acquisitions, franchising, 5 

rebranding to target a new demographic, expanding into developing markets, etc.  6 

Regulated utilities, however, cannot engage in these potential growth opportunities.   7 

Q: Summarize the various terminal growth rate estimates you discussed.    8 

A: For Avista, there are four different growth forecasts that could be used for the terminal 9 

growth rate in the DCF model:  1) nominal GDP; 2) inflation; and 3) the risk-free rate. 10 

Figure 5: 
Terminal Growth Rates 

 

 It would not be unreasonable to use any of these rates by itself for Avista’s terminal 11 

growth rate.  For the long-term growth rate in my DCF model I selected the highest 12 

growth rate from this list, which is the forecasted nominal GDP growth of 4.1 percent.  13 

This growth rate estimate is likely high because it assumes that the growth rate of a 14 

mature, low-growth utility company with a defined service territory will match the 15 

Growth Determinant Rate

Nominal GDP 4.10%

Inflation 2.00%

Risk Free Rate 2.80%

Average 2.97%
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growth rate of the entire U.S. economy over the long run.  As a result, my final DCF cost 1 

of equity estimate is toward the higher end of the reasonable range.          2 

Q: Describe the final results of your DCF Model. 3 

A: I used the Quarterly Approximation DCF Model discussed above to estimate Avista’s 4 

cost of equity capital.  I obtained an average of reported dividends and stock prices from 5 

the proxy group, and I used a very reasonable terminal growth rate estimate for Avista.  6 

My DCF cost of equity estimate for Avista is 7.7 percent, as expressed in the following 7 

equation:36 8 

Equation 5: 
DCF Results   

𝟕𝟕.𝟐𝟐% = �
$0.48(1 + 4.1%)1/4

$64.84 + (1 + 4.1%)1/4�
4

− 1 

As noted above, this estimate is likely at the higher end of the appropriate range due to 9 

the fact that my growth rate estimate exceeds the Company’s own load growth forecast.     10 

Q: Mr. McKenzie’s DCF Model yielded much higher results.  Did you find specific 11 

problems with his analysis regarding the DCF Models? 12 

A: Yes.  Mr. McKenzie’s DCF Model produced cost of equity results as high as 10.3 13 

percent.  The results of Mr. McKenzie’s DCF Model are unreasonably high primarily due 14 

to his extremely inflated growth rate estimates.   Mr. McKenzie incorporates long-term 15 

growth rates as high as 10.4 percent in his DCF estimate.  Mr. McKenzie’s growth rate 16 

assumptions are patently unreasonable.  For example, Mr. McKenzie’s relies on a long-17 

                                                 

36 Exh. DJG-4 at 4, 5, and 6. 
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term growth rate for Black Hills Corp. of 10.4 percent.  This means that Mr. McKenzie 1 

assumes that Black Hills Corp. will grow at a rate of 10.4 percent per year, every year 2 

going forward.  However, the real, qualitative growth rate of any public utility is 3 

primarily limited by the population and load growth in its defined service territory.  Yet, 4 

Mr. McKenzie assumes that Black Hills Corp. is going to grow at a rate nearly three 5 

times the projected long-term growth rate of the entire U.S. economy, which has access 6 

to markets across the planet.  Because of this unreasonable assumption, Mr. McKenzie’s 7 

DCF cost of equity estimates are far overstated.     8 

Q: Are there any other problems with Mr. McKenzie’s growth rate estimates? 9 

A: Yes.  Mr. McKenzie, like most utility ROE witnesses, relies on the projected growth rates 10 

published by Zack’s, Value Line, and other commercial services.  However, these growth 11 

rate estimates are short-term estimates, whereas the growth rate input in the DCF model 12 

requires a long-term growth rate estimate.  13 

Q: Please discuss the other way in which analysts’ earnings growth projections do not 14 

provide indications of fair, qualitative growth for regulated utilities. 15 

A: The fact that growth rate projections published by commercial analysts, such as Value 16 

Line, are merely short-term growth projections invalidates them for use in any constant 17 

growth DCF Model by definition.  However, there is another problem with relying on 18 

these growth rate projections for the DCF Model in determining a fair rate of return for a 19 

regulated utility.  If we give undue weight to commercial analysts’ projections for 20 

utilities’ earnings growth, it will not provide an accurate reflection of real, qualitative 21 

growth because a utility’s earnings are heavily influenced by the ultimate figure that all 22 

of this analysis is supposed to help us estimate:  the awarded return on equity.  This 23 
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creates a circular reference problem.  In other words, if a regulator awards an ROE that is 1 

above market-based cost of capital (which is the case here), this could lead to higher 2 

growth rate projections from analysts.  If these same inflated growth estimates are used in 3 

the DCF Model (and they often are by utility witnesses), it could lead to a higher awarded 4 

ROEs; and the cycle continues, as illustrated in the following figure: 5 

Figure 6: 
The “Circular Reference” Problem 

    

Therefore, it is not advisable to simply consider a quantitative historical or projected 6 

growth rate in utility earnings, as this practice will not provide a reliable or accurate 7 

indication of real utility growth.  Since the growth input in the DCF Model is a long-term 8 

growth rate, it should be bound by the U.S. economic growth rate as measured by GDP.    9 

Q: Did Mr. McKenzie consistently apply the results of his own DCF Model? 10 
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A: No.  Mr. McKenzie simply eliminated many of the lower DCF results produced by his 1 

own methodology.37  This appears to be nothing more than an arbitrary tactic to skew the 2 

results of his DCF average to a higher number.  If Mr. McKenzie had simply accepted the 3 

results of his own methodology (even with the unreasonably high growth rates) his 4 

average DCF results from Exhibit AMM-6 would be as follows: 5 

Value Line: 8.4%   6 

IBES:  8.6% 7 

Zacks:  9.0% 8 

S&P:  8.8% 9 

Average: 8.7% 10 

While a cost of equity of estimate of 8.7 percent for the Company is high, it is much more 11 

reasonable than the skewed results presented by Mr. McKenzie.   12 

VIII.   CAPITAL ASSET PRICING MODEL ANALYSIS 

Q: Describe the Capital Asset Pricing Model. 13 

A: The Capital Asset Pricing Model (CAPM) is a market-based model founded on the 14 

principle that investors demand higher returns for incurring additional risk.38  The CAPM 15 

estimates this required return. 16 

Q: What assumptions are inherent in the CAPM? 17 

A: The CAPM relies on the following assumptions: 18 

                                                 

37 See McKenzie, Exh. AMM-6. 
38 Exh. DJG-12 (William F. Sharpe, A Simplified Model for Portfolio Analysis 277-93 (Management 

Science IX 1963)); Exh. DJG-8, Graham, Smart & Megginson at 208. 



Dockets UE-170485 and UG-170486 (Consolidated) 
Response Testimony of DAVID J. GARRETT 

Exhibit DJG-1T 
 

Page 37 of 75 

   

1. Investors are rational, risk-averse, and strive to maximize profit and 1 
terminal wealth; 2 

2.  Investors make choices on the basis of risk and return. Return is 3 
measured by the mean returns expected from a portfolio of assets; 4 
risk is measured by the variance of these portfolio returns; 5 

3.  Investors have homogenous expectations of risk and return; 6 

4.  Investors have identical time horizons; 7 

5.  Information is freely and simultaneously available to investors. 8 

6.  There is a risk-free asset, and investors can borrow and lend 9 
unlimited amounts at the risk-free rate; 10 

7.  There are no taxes, transaction costs, restrictions on selling short, or 11 
other market imperfections; and, 12 

8.  Total asset quality is fixed, and all assets are marketable and 13 
divisible.39 14 

While some of these assumptions may appear to be restrictive, they do not outweigh the 15 

inherent value of the model.  The CAPM has been widely used by firms, analysts, and 16 

regulators for decades to estimate the cost of equity capital. 17 

Q: Is the CAPM approach consistent with the legal standards set forth by the U.S. 18 

Supreme Court? 19 

A: Yes.  Our courts have recognized that “the amount of risk in the business is a most 20 

important factor” in determining the allowed rate of return,40 and that “the return to the 21 

equity owner should be commensurate with returns on investments in other enterprises 22 

having corresponding risks.”41  The CAPM is a useful model because it directly considers 23 

                                                 

39 See id.  
40 Wilcox, 212 U.S. at 48 (emphasis added). 
41 Hope Nat. Gas Co., 320 U.S. at 603 (emphasis added). 
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the amount of risk inherent in a business.    It is arguably the strongest of the models 1 

usually presented in rate cases because unlike the DCF Model, the CAPM directly 2 

measures the most important component of a fair rate of return analysis: Risk.       3 

Q: Describe the CAPM equation. 4 

A: The basic CAPM equation is expressed as follows:  5 

Equation 6: 
Capital Asset Pricing Model  

𝐾𝐾 = 𝑅𝑅𝐹𝐹 + 𝛽𝛽𝑖𝑖(𝑅𝑅𝑀𝑀 − 𝑅𝑅𝐹𝐹) 

where: K = required return 
 RF = risk-free rate 
 β = beta coefficient of asset i 
 RM = required return on the overall market 

 

 There are essentially three terms within the CAPM equation that are required to calculate 6 

the required return (K): (1) the risk-free rate (RF); (2) the beta coefficient (β); and (3) the 7 

equity risk premium (RM – RF), which is the required return on the overall market less the 8 

risk-free rate.  Each term is discussed in more detail below, along with the inputs I used 9 

for each term.  10 

A.   The Risk-Free Rate 

�𝐾𝐾 = 𝑹𝑹𝑭𝑭 + 𝛽𝛽𝑖𝑖(𝑅𝑅𝑀𝑀 − 𝑅𝑅𝐹𝐹)� 

Q: Explain the risk-free rate. 11 

A: The first term in the CAPM is the risk-free rate (RF).  The risk-free rate is simply the 12 

level of return investors can achieve without assuming any risk.  The risk-free rate 13 

represents the bare minimum return that any investor would require on a risky asset.  14 
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Even though no investment is technically void of risk, investors often use U.S. Treasury 1 

securities to represent the risk-free rate because they accept that those securities 2 

essentially contain no default risk.  The Treasury issues securities with different 3 

maturities, including short-term Treasury Bills, intermediate-term Treasury Notes, and 4 

long-term Treasury Bonds.   5 

Q: Is it preferable to use the yield on long-term Treasury bonds for the risk-free rate in 6 

the CAPM? 7 

A: Yes.  In valuing an asset, investors estimate cash flows over long periods of time.  8 

Common stock is viewed as a long-term investment, and the cash flows from dividends 9 

are assumed to last indefinitely.  Thus, short-term Treasury bill yields are rarely used in 10 

the CAPM to represent the risk-free rate.  Short-term rates are subject to greater volatility 11 

and can thus lead to unreliable estimates.  Instead, long-term Treasury bonds are usually 12 

used to represent the risk-free rate in the CAPM.42  I considered a 30-day average of 13 

daily Treasury yield curve rates on 30-year Treasury bonds in my risk-free rate estimate, 14 

which resulted in a risk-free rate of 2.81 percent.43  15 

B.   The Beta Coefficient 

�𝐾𝐾 = 𝑅𝑅𝐹𝐹 + 𝜷𝜷 (𝒊𝒊 𝑅𝑅𝑀𝑀 − 𝑅𝑅𝐹𝐹)� 

Q: Describe the beta coefficient. 16 

                                                 

42 Exh. DJG-3, Morin at 150. 
43 Exh. DJG-4 at 7. 
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A: As discussed above, beta represents the sensitivity of a given security to movements in 1 

the overall market.  The CAPM states that in efficient capital markets, the expected risk 2 

premium on each investment is proportional to its beta.  Recall that a security with a beta 3 

greater (less) than one is more (less) risky than the market portfolio.  A stock’s beta 4 

equals the covariance of the asset’s returns with the returns on a market portfolio, divided 5 

by the portfolio’s variance, as expressed in the following formula:44 6 

Equation 7: 
Beta 

𝛽𝛽𝑖𝑖 =
𝜎𝜎𝑖𝑖𝑖𝑖
𝜎𝜎𝑖𝑖2

 

where: βi = beta of asset i 
 σim = covariance of asset i returns with market portfolio returns 
 σ2m = variance of market portfolio 

 
Typically, an index such as the S&P 500 Index is used as proxy for the market portfolio.  7 

The historical betas for publicly traded firms are published by several commercial 8 

sources.45  Beta may also be calculated through a linear regression analysis, which 9 

provides additional statistical information about the relationship between a single stock 10 

and the market portfolio.  Also, as discussed above, beta represents the sensitivity of a 11 

given security to the market as a whole.  The market portfolio of all stocks has a beta 12 

equal to one.  Stocks with betas greater than one are relatively more sensitive to market 13 

risk than the average stock.  For example, if the market increases (decreases) by 1.0 14 

percent, a stock with a beta of 1.5 will, on average, increase (decrease) by 1.5 percent.  In 15 

                                                 

44 Exh. DJG-8, Graham, Smart & Megginson at 180-81. 
45 E.g., Value Line, Bloomberg, and Merrill Lynch. 
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contrast, stocks with betas of less than one are less sensitive to market risk.  For example, 1 

if the market increases (decreases) by 1.0 percent, a stock with a beta of 0.5 will, on 2 

average, only increase (decrease) by 0.5 percent.    3 

Q: Describe the source for the betas you used in your CAPM analysis.   4 

A: I used betas recently published by Value Line Investment Survey.46  The beta for each 5 

proxy company was less than 1.0, and the average beta for the proxy group is 0.71.  Thus, 6 

we have an objective measure to prove the well-known concept that utility stocks are less 7 

risky than the average stock in the market, which has a beta of 1.0. 8 

C.   The Equity Risk Premium 

�𝐾𝐾 = 𝑅𝑅𝐹𝐹 + 𝛽𝛽𝑖𝑖�𝑹𝑹𝑴𝑴 − 𝑹𝑹𝑭𝑭 ��  

Q: Describe the equity risk premium. 9 

A: The final term of the CAPM is the equity risk premium (“ERP”), which is the required 10 

return on the market portfolio less the risk-free rate (RM – RF).  In other words, the ERP 11 

is the level of return investors expect above the risk-free rate in exchange for investing in 12 

risky securities.  Many experts would agree that “the single most important variable for 13 

making investment decisions is the equity risk premium.”47  Likewise, the ERP is 14 

arguably the single most important factor in estimating the cost of capital in this matter.  15 

There are three basic methods to estimate the ERP: (1) calculating a historical average; 16 

(2) taking a survey of experts; and (3) calculating the implied equity risk premium.  I 17 

                                                 

46 Exh. DJG-4 at 8. 
47 Exh. DJG-13 (Elroy Dimson, Paul Marsh & Mike Staunton, Triumph of the Optimists:  101 Years of 

Global Investment Returns 4 (Princeton University Press 2002)). 
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incorporated each one of these methods in determining the ERP used in my CAPM 1 

analysis.  I will discuss each method in turn.   2 

1. Historical Average 

Q: Describe the historical equity risk premium. 3 

A: The historical ERP may be calculated by simply taking the difference between returns on 4 

stocks and returns on government bonds over a certain period of time.  Ibbotson, one of 5 

the most widely cited source for the historical ERP in the U.S.,48 reports both the 6 

geometric mean and arithmetic mean for the returns of stocks and government bonds in 7 

its annual yearbooks.49  Many practitioners rely on the historical ERP as an estimate for 8 

the forward-looking ERP because it is easy to obtain.  However, there are disadvantages 9 

to relying on the historical ERP as an indication of the current ERP.   10 

Q: What are the limitations of relying solely on a historical average to estimate the 11 

current or forward-looking ERP? 12 

A: Many investors use the historic ERP because it is convenient and easy to calculate.  What 13 

matters in the CAPM model, however, is not the actual risk premium from the past, but 14 

rather the current and forward-looking risk premium.50  Some investors may think that a 15 

historic ERP provides some indication of what the prospective risk premium is, but there 16 

is empirical evidence to suggest the prospective, forward-looking ERP is actually lower 17 

than the historical ERP.  In a landmark publication on risk premiums around the world, 18 

                                                 

48 Id. at 173. 
49 Exh. DJG-14 (2015 Ibbotson Stocks, Bonds, Bills, and Inflation Classic Yearbook 91 (Morningstar 

2015)). 
50 Exh. DJG-8, Graham, Smart & Megginson at 330. 
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Triumph of the Optimists, the authors suggest through extensive empirical research that 1 

the prospective ERP is lower than the historical ERP.51  This is due in large part to what 2 

is known as “survivorship bias” or “success bias” – a tendency for failed companies to be 3 

excluded from historical indices.52  From their extensive analysis, the authors make the 4 

following conclusion regarding the prospective ERP:  “The result is a forward-looking, 5 

geometric mean risk premium for the United States . . . of around 2½ to 4 percent and an 6 

arithmetic mean risk premium . . . that falls within a range from a little below 4 to a little 7 

above 5 percent.”53  Indeed, these results are lower than many reported historical risk 8 

premiums.  Other noted experts agree: 9 

The historical risk premium obtained by looking at U.S. data is biased 
upwards because of survivor bias . . . .  The true premium, it is argued, is 
much lower.  This view is backed up by a study of large equity markets over 
the twentieth century (Triumph of the Optimists), which concluded that the 
historical risk premium is closer to 4%.54 

Regardless of the variations in historic ERP estimates, many scholars and practitioners 10 

agree that simply relying on a historic ERP to estimate the risk premium going forward is 11 

not ideal.  Fortunately, “a naïve reliance on long-run historical averages is not the only 12 

approach for estimating the expected risk premium.”55      13 

 2. Expert Surveys 

Q: Describe the expert survey approach to estimating the ERP. 14 

                                                 

51 Exh. DJG-13, Dimson, Marsh & Staunton 53. 
52 Id. at 34. 
53 Id. at 194. 
54 Exh. DJG-15 (Aswath Damodaran, Equity Risk Premiums:  Determinants, Estimation and Implications – 

The 2015 Edition 17 (New York University 2015)). 
55 Exh. DJG-8, Graham, Smart & Megginson at 330. 
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A: As its name implies, the expert survey approach to estimating the ERP involves 1 

conducting a survey of experts including professors, analysts, chief financial officers and 2 

other executives around the country and asking them what they think the ERP is.  3 

Graham and Harvey have performed such a survey every year since 1996.  In their 2016 4 

survey, they found that experts around the country believe that the current risk premium 5 

is only 4.0 percent.56  The IESE Business School conducts a similar expert survey, and 6 

recently reported an average ERP of 5.7 percent.57  It should be noted that ERP values 7 

assumed by Mr. McKenzie are as high as 8.7 percent, which is a substantial departure 8 

from these survey results.        9 

 3. Implied Equity Risk Premium 

Q: Describe the implied equity risk premium. 10 

A:  The third method of estimating the ERP is arguably the best.  The implied ERP relies on 11 

the stable growth model proposed by Gordon, often called the “Gordon Growth Model,” 12 

which is a basic stock valuation model widely used in finance for many years:58 13 

Equation 8: 
Gordon Growth Model 

𝑃𝑃0 =
𝐷𝐷1

𝐾𝐾 − 𝑔𝑔 

                                                 

56 Exh. DJG-16 (John R. Graham and Campbell R. Harvey, The Equity Risk Premium in 2016, at 3 (Fuqua 
School of Business, Duke University 2014)), copy available at 
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=2816603. 

57 Exh. DJG-17 (Pablo Fernandez, Vitaly Pershin & Isabel F. Acin, Market Risk Premium used in 171 
Countries in 2016:  A Survey with 6,932 Answers, at 3 (IESE Business School 2015)), copy available at 
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=2954142 

58 Exh. DJG-18 (Myron J. Gordon and Eli Shapiro, Capital Equipment Analysis: The Required Rate of 
Profit 102-10 (Management Science Vol. 3, No. 1 Oct. 1956)). 

https://papers.ssrn.com/sol3/papers.cfm?abstract_id=2816603
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=2954142
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=2954142


Dockets UE-170485 and UG-170486 (Consolidated) 
Response Testimony of DAVID J. GARRETT 

Exhibit DJG-1T 
 

Page 45 of 75 

   

where: P0 = current value of stock 
 D1 = value of next year’s dividend 
 K = cost of equity capital / discount rate 
 g = constant growth rate in perpetuity for dividends 

 
This model is similar to the Constant Growth DCF Model presented in Equation 3 above 1 

(K=D1/P0+g).  In fact, the underlying concept in both models is the same: The current 2 

value of an asset is equal to the present value of its future cash flows.  Instead of using 3 

this model to determine the discount rate of one company, we can use it to determine the 4 

discount rate for the entire market by substituting the inputs of the model.  Specifically, 5 

instead of using the current stock price (P0), we will use the current value of the S&P 500 6 

(V500).  Instead of using the dividends of a single firm, we will consider the dividends 7 

paid by the entire market.  Additionally, we should consider potential dividends.  In other 8 

words, stock buybacks should be considered in addition to paid dividends, as stock 9 

buybacks represent another way for the firm to transfer free cash flow to shareholders.  10 

Focusing on dividends alone without considering stock buybacks could understate the 11 

cash flow component of the model, and ultimately understate the implied ERP.  The 12 

market dividend yield plus the market buyback yield gives us the gross cash yield to use 13 

as our cash flow in the numerator of the discount model.  This gross cash yield is 14 

increased each year over the next five years by the growth rate.  These cash flows must 15 

be discounted to determine their present value.  The discount rate in each denominator is 16 

the risk-free rate (RF) plus the discount rate (K).  The following formula shows how the 17 

implied return is calculated.  Since the current value of the S&P is known, we can solve 18 

for K:  The implied market return.59          19 

                                                 

59 See Exh. DJG-4 at 9. 
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Equation 9: 
Implied Market Return 

𝑉𝑉500 =
𝑊𝑊𝐶𝐶1(1 + 𝑔𝑔)1

(1 + 𝑅𝑅𝐹𝐹 + 𝐾𝐾)1 +
𝑊𝑊𝐶𝐶2(1 + 𝑔𝑔)2

(1 + 𝑅𝑅𝐹𝐹 + 𝐾𝐾)2 + ⋯+
𝑊𝑊𝐶𝐶5(1 + 𝑔𝑔)5 + 𝑇𝑇𝑉𝑉

(1 + 𝑅𝑅𝐹𝐹 + 𝐾𝐾)5  

where: V500 = current value of index (S&P 500) 
 CY1-5 = average cash yield over last five years (includes dividends and buybacks)  
 g = compound growth rate in earnings over last five years 
 RF = risk-free rate 
 K = implied market return (this is what we are solving for) 
 TV = terminal value  = CY5 (1+RF) / K 

 
The discount rate is called the “implied” return here because it is based on the current 1 

value of the index as well as the value of free cash flow to investors projected over the 2 

next five years.  Thus, based on these inputs, the market is “implying” the expected 3 

return.  After solving for the implied market return (K), we simply subtract the risk-free 4 

rate from it to arrive at the implied ERP. 5 

Equation 10: 
Implied Equity Risk Premium 

𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝑑𝑑 𝐸𝐸𝐸𝐸𝐼𝐼𝐼𝐼𝐸𝐸𝐸𝐸𝐼𝐼𝑑𝑑 𝑀𝑀𝑀𝑀𝑀𝑀𝑘𝑘𝐼𝐼𝐸𝐸 𝑅𝑅𝐼𝐼𝐸𝐸𝑅𝑅𝑀𝑀𝑅𝑅 − 𝑅𝑅𝐹𝐹 = 𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝑑𝑑 𝐸𝐸𝑅𝑅𝑃𝑃 

Q: Discuss the results of your implied ERP calculation. 6 

A: After collecting data for the index value, operating earnings, dividends, and buybacks for 7 

the S&P 500 over the past six years, I calculated the dividend yield, buyback yield, and 8 

gross cash yield for each year. I also calculated the compound annual growth rate (g) 9 

from operating earnings.  I used these inputs, along with the risk-free rate and current 10 

value of the index to calculate a current expected return on the entire market of 8.09 11 

percent.  I subtracted the risk-free rate to arrive at the implied equity risk premium of 4.9 12 

percent.  Dr. Damodaran, one of the world’s leading experts on the ERP, promotes the 13 

implied ERP method discussed above.  He calculates monthly and annual implied ERPs 14 
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with this method and publishes his results.  Dr. Damodaran’s average ERP estimate for 1 

October 2017 was 5.2 percent.60     2 

Q: Discuss the results of your final ERP estimate. 3 

A: For the final ERP estimate I used in my CAPM analysis, I averaged the results of the 4 

ERP surveys along with Dr. Damodaran’s published ERP and my implied ERP 5 

calculation.61  The results are presented in the following figure: 6 

Figure 7: 
Equity Risk Premium Results 

 

 While it would be reasonable to select any one of these ERP estimates, or the average of 7 

these estimates, I selected the highest ERP estimate of 5.7 percent for my CAPM in the 8 

interest of conservatism.  The survey results published in the IESE report are markedly 9 

higher than the other sources I reviewed for the ERP, and in my opinion, an ERP estimate 10 

                                                 

60 Implied Equity Risk Premium Update, Damodaran Online, (last visited Oct. 27, 2017) 
http://pages.stern.nyu.edu/~adamodar/.   

61 Exh. DJG-4 at 10. 

IESE Business School Survey 5.7%

Graham & Harvey Survey 4.0%

Duff & Phelps Report 5.0%

Damodaran 5.2%

Garrett 4.9%

Highest 5.7%

http://pages.stern.nyu.edu/%7Eadamodar/
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of 5.7 percent is likely overestimated given current market conditions.  All else held 1 

constant, a higher ERP will result in a higher CAPM cost of equity estimate.   2 

Q: Explain the final results of your CAPM analysis. 3 

A: Using the inputs for the risk-free rate, beta coefficient, and equity risk premium discussed 4 

above, I calculated the CAPM cost of equity for each proxy company.  Using the same 5 

CAPM equation presented above, the results of my CAPM analysis are expressed as 6 

follows:62 7 

Equation 11: 
CAPM Results 

𝟔𝟔.𝟖𝟖% = 2.81% + 0.71(5.7%) 8 

The CAPM suggests that Avista’s cost of equity capital is about 6.8%.  The CAPM may 9 

be displayed graphically through what is known as the Security Market Line (“SML”).  10 

The following figure shows the expected return (cost of equity) on the y-axis, and the 11 

average beta for the proxy group on the x-axis.  The SML intercepts the y-axis at the 12 

level of the risk-free rate.  The slope of the SML is the equity risk premium. 13 

                                                 

62 Exh. DJG-4 at 11. 
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Figure 8: 
CAPM Graph 

 

 The SML provides the required rate of return that will compensate investors for the beta 1 

risk of that investment.  Thus, at an average beta of 0.71 for the proxy group, the 2 

estimated cost of equity for Avista is 6.8 percent. 3 

Q: Mr. McKenzie’s CAPM analysis yields considerably higher results.  Did you find 4 

specific problems with Mr. McKenzie’s CAPM assumptions and inputs?  5 

A: Yes.   Mr. McKenzie’s cost of equity estimates through his CAPM analysis are as high as 6 

11.85 percent.  This is primarily due to overestimation of the equity risk premium.   7 

Q: Did Mr. McKenzie rely on a realistic measure for the equity risk premium?      8 

A: No.  The ERP is one of three inputs in the CAPM equation, and it is one of the most 9 

single important factors for estimating the cost of equity in this case.  As discussed 10 

above, I used two widely-accepted methods for estimating the ERP, including consulting 11 
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expert surveys and calculating the implied ERP based on aggregate market data.  In 1 

contrast, Mr. McKenzie essentially conducted a DCF analysis on nearly every company 2 

in the S&P 500.  This means that Mr. McKenzie made 500 separate growth rate inputs for 3 

each company in his market portfolio.  If his growth inputs were reasonable, then the 4 

model could theoretically produce reasonable results.  Instead, however, many of Mr. 5 

McKenzie’s growth rate inputs were not realistic.  For example, Mr. McKenzie relied on 6 

a long-term annual growth input for American International Group of 46.7 percent.63  7 

This means that Mr. McKenzie is indicating he believes that American International 8 

Group could grows its earnings / dividends by 46.7 percent per year, every year, over the 9 

long run.  Recall that, as a general rule, the long-term growth rate for any U.S. company 10 

cannot exceed long-term growth in GDP, which is projected at about four percent.  This 11 

means that Mr. McKenzie’s long-term growth estimate for this company is over 10 times 12 

anything that could be considered realistic.  Many of Mr. McKenzie’s other growth rate 13 

estimates are similarly overstated.  This causes his estimates for the ERP and CAPM cost 14 

of equity to be overstated as well. 15 

Q: What is the impact of Mr. McKenzie’s flawed ERP estimate?   16 

A: Mr. McKenzie’s overestimated ERP is considerably higher than the range of ERPs 17 

utilized by firms and analysts across the country.  Because the ERP is not firm-specific, 18 

there are fairly standardized ERP levels that are widely recognized by several prominent 19 

national expert surveys.  For example, the IESE Business School expert survey reports an 20 

average ERP of 5.7 percent, which is markedly higher than other objective sources, yet 21 

                                                 

63 Exh. DJG-21, Workpaper of Adrian M. McKenzie, WP-59.xlsm, Tab 2017 04 Market DCF. 
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still significantly lower than Mr. McKenzie’s estimate.  The following chart illustrates 1 

that Mr. McKenzie’s ERP estimate is far out of line with objective sources and estimates: 2 

Figure 9: 
Equity Risk Premium Comparison 

 

When compared with these well-established ERP benchmarks, it is clear that Mr. 3 

McKenzie’s ERP estimate is not within the range of reasonableness.  As a result, his 4 

CAPM cost of equity estimates are overstated.   5 

Q: Did you also review Mr. McKenzie’s Risk Premium Model?   6 

A: Yes.  Before I discuss Mr. McKenzie’s risk premium model, I will reiterate that the 7 

CAPM itself is a “risk premium” model.  In short, it takes the bare minimum return any 8 

investor would require for buying a stock (the risk-free rate), then adds a premium to 9 

compensate the investor for the extra risk he or he assumes by buying a stock rather than 10 

a riskless U.S. Treasury security.  The CAPM has been utilized by companies around the 11 

world for decades for the same purpose we are using it in this case – to estimate cost of 12 

equity.  When reasonable inputs are used in the CAPM, this model tends to produce cost 13 
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of equity results for utility companies that are much lower than the excessive returns 1 

demanded by shareholders.  Thus, utility witnesses often downplay the Nobel-Prize-2 

winning CAPM and instead promote their own various risk-premium models.   3 

In stark contrast to the CAPM, the risk premium models relied upon by utility 4 

witnesses are not market-based, and therefore have no value in helping us estimate the 5 

market-based cost of equity.  Unlike the CAPM, which is found in almost every 6 

comprehensive financial textbook, the risk premium models used by utility witnesses are 7 

typically only found in texts written by other utility witnesses.  Specifically, these risk 8 

premium models attempt to create an inappropriate link between market-based factors, 9 

such as interest rates, with awarded returns on equity.  Inevitably, this type of model is 10 

used to justify a cost of equity that is much higher than one that would be dictated by 11 

market forces.  In this case, Mr. McKenzie’s risk premium model is no different.   12 

Mr. McKenzie’s risk premium model considers a comparison between awarded 13 

ROEs and bond yields, even though these two factors are not remotely connected.  The 14 

legal standards governing this issue indicate that the awarded return on equity should be 15 

based on the cost of equity.64  In turn, the cost of equity, as estimated through the CAPM, 16 

is driven by interest rates.  Thus, the idea that the awarded ROE should be based on 17 

interest rates is already built into the CAPM, but only if regulators base the awarded ROE 18 

on the true cost of equity, which is about 7.0 percent in this case.  Unfortunately, it is 19 

clear that for many years, awarded returns for utilities have escalated far above market-20 

based cost of equity computations.  Giving undue consideration to Mr. McKenzie’s “risk 21 

                                                 

64 Fed. Power Comm’n v. Hope Nat. Gas Co., 320 U.S. 591, 603 (1944) (emphasis added). 
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premium” model would only serve to perpetuate this trend, which has resulted in a 1 

significant wealth shift from ratepayers to shareholders for many years. 2 

Q: Is it necessary to pursue modeling beyond the CAPM in order to assess risk premiums 3 

when determining an appropriately set cost of equity in this case? 4 

A: No. Mr. McKenzie’s risk premium model is not only inappropriate as presented, but it is 5 

also unnecessary. The CAPM already has a built-in risk premium factor known as the 6 

equity risk premium (ERP).  Not only is the ERP a crucial factor in the CAPM, but many 7 

would agree that the ERP is “the single most important variable for making investment 8 

decisions. . . .”65  Specifically, the ERP is the expected return on the market less the risk-9 

free rate.  In other words, the ERP is a function of market-driven forces.  Unlike the risk 10 

premium presented in Mr. McKenzie’s testimony, the ERP cannot be influenced by the 11 

decisions of a public utility commission.  For that matter, it cannot be materially 12 

influenced by the decisions of any single company.  Thus, the ERP has no material 13 

connection with the returns awarded to public utility companies in rate cases.  This point 14 

is further strengthened by the expert surveys.  Recall that the expert surveys ask 15 

thousands of experts across the country about the current ERP.  When these experts are 16 

asked about the sources they relied on in giving their ERP estimate, it is not surprising 17 

that they make no mention of commission-awarded returns.66  Moreover, many awarded 18 

returns arise out of settlements, which means that in complete contrast to the ERP, they 19 

                                                 

65 Exh. DJG-13, Dimson, Marsh & Staunton at 4. 
66 In the IESE Business School’s 2014 survey, some of the respondents indicated which books, papers, and 

other sources they used as a reference to justify the equity risk premium that they used.  The most cited references 
were Dr. Damodaran, Ibbotson, Duff & Phelps, Graham-Harvey, Bloomberg, Grabowski, Siegel, and other sources.  
Of course, there was no mention of commission-awarded returns.  
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are not reflective of market-driven forces.  For all of these reasons, it is completely 1 

inappropriate to consider commission-awarded returns in any risk premium analysis.  2 

Thus, the Commission should disregard Mr. McKenzie’s risk premium analysis. 3 

IX.   OTHER COST OF EQUITY ISSUES 

Q: Are there any other issues raised in Mr. McKenzie’s testimony to which you would 4 

like to respond? 5 

A: Yes, in his direct testimony Mr. McKenzie raises several other issues in his testimony:  (1) 6 

firm-specific risks; (2) size premium; (3) flotation costs; and (4) non-utility DCF Model.  I 7 

will discuss each issue in turn. 8 

A.   Firm-Specific Risks 

Q: Do you agree that the Company’s firm-specific risk factors cited by Mr. McKenzie 9 

materially influence its cost of equity? 10 

A: No.  Recall that there are two primary types of risk: market risk, which affects all firms to 11 

varying degrees, and firm-specific risk, which affects individual firms.  Mr. McKenzie 12 

suggests that certain firm-specific factors should have an increasing effect on the cost of 13 

equity, such as operating risks.67  As discussed above, however, it is a well-known 14 

concept in finance that firm-specific risks are unrewarded by the market.  This is because 15 

investors can easily eliminate firm-specific risks through portfolio diversification.   16 

Therefore, the Company’s few and relatively small firm-specific business risks, while 17 

perhaps relevant to other issues in the rate case, have no meaningful effect on the cost of 18 

                                                 

67 See generally Direct Testimony of Adrien M. McKenzie, Exh. AMM-1T at 9-12. 
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equity estimate.  Rather, it is market risk that is rewarded by the market, and this concept 1 

is thoroughly addressed in my CAPM analysis discussed above. 2 

B.   Size Premium 

Q: Does a Company’s relative size warrant a premium addition to the cost of equity 3 

estimate? 4 

A: No.  Mr. McKenzie suggests that Avista’s cost of equity should be further inflated due to 5 

its relatively small size.  Specifically, the average increase to Mr. McKenzie’s CAPM due 6 

to his size adjustments is 70 basis points.68  Utility cost of capital witnesses often refer to 7 

this as a “size premium.”  The size premium refers to the idea that the additional risk 8 

associated with smaller firms is not fully accounted for in their betas.  The “size effect” 9 

phenomenon arose from a 1981 study conducted by Banz, which found that “in the 1936 10 

– 1975 period, the common stock of small firms had, on average, higher risk-adjusted 11 

returns than the common stock of large firms.”69   According to Ibbotson, Banz’s size 12 

effect study was “[o]ne of the most remarkable discoveries of modern finance.”70   13 

Perhaps there was some merit to this idea at the time, but the size effect phenomenon was 14 

short lived.  Banz’s 1981 publication generated much interest in the size effect, and 15 

                                                 

68 See McKenzie, Exh. AMM-9. 
69 Exh. DJG-19 (Rolf W. Banz, The Relationship Between Return and Market Value of Common Stocks 3-

18 (Journal of Financial Economics 9 (1981)). 
70 Exh. DJG-14 (2015 Ibbotson Stocks, Bonds, Bills, and Inflation Classic Yearbook 99 (Morningstar 

2015)). 
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spurred the launch of significant new small-cap71 investment funds.  However, this 1 

“honeymoon period lasted for approximately two years.” 72   2 

After 1983, U.S. small-cap stocks actually underperformed relative to large cap 3 

stocks.  In other words, the size effect essentially reversed.  In Triumph of the Optimists, 4 

the authors conducted an extensive empirical study of the size effect phenomenon around 5 

the world.  They found that after the size effect phenomenon was discovered in 1981, it 6 

disappeared within a few years: 7 

It is clear . . . that there was a global reversal of the size effect in virtually 
every country, with the size premium not just disappearing but going into 
reverse.  Researchers around the world universally fell victim to Murphy’s 
Law, with the very effect they were documenting – and inventing 
explanations for – promptly reversing itself shortly after their studies were 
published.73  

In other words, the authors assert that the very discovery of the size effect phenomenon 8 

likely caused its own demise.  The authors ultimately concluded that it is “inappropriate 9 

to use the term ‘size effect’ to imply that we should automatically expect there to be a 10 

small-cap premium,” Yet this is exactly what utility witnesses often do in attempting to 11 

artificially inflate the cost of equity with a size premium.   12 

Other prominent sources have agreed that the size premium is no longer a relevant 13 

phenomenon.  According to Ibbotson:  14 

                                                 

71 The term “small cap” refers to companies with an overall value of outstanding shares that is small 
relative to the rest of the market. 

72 Exh. DJG-13, Dimson, Marsh & Staunton at 131 
73 Id. at 133. 
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The unpredictability of small-cap returns has given rise to another argument 
against the existence of a size premium:  that markets have changed so that 
the size premium no longer exists.  As evidence, one might observe the last 
20 years of market data to see that the performance of large-cap stocks was 
basically equal to that of small cap stocks.  In fact, large-cap stocks have 
outperformed small-cap stocks in five of the last 10 years.74     

In addition to the studies discussed above, other scholars have concluded similar results.  1 

According to Kalesnik and Beck: 2 

Today, more than 30 years after the initial publication of Banz’s paper, the 
empirical evidence is extremely weak even before adjusting for possible 
biases. . . . The U.S. long-term size premium is driven by the extreme 
outliers, which occurred three-quarters of a century ago. . . .  Finally, 
adjusting for biases . . . makes the size premium vanish. If the size premium 
were discovered today, rather than in the 1980s, it would be challenging to 
even publish a paper documenting that small stocks outperform large 
ones.75  

For all of these reasons, the Commission should reject the arbitrary size premium 3 

proposed by the Company. 4 

C.   Flotation Costs 

Q: Please define “flotation costs,” as referenced in Mr. McKenzie’s testimony. 5 

A:  “Flotation costs” generally refer to the underwriter’s compensation for the services it 6 

provides in connection with the securities offering. 7 

Q: Describe Mr. McKenzie’s opinion on this issue. 8 

                                                 

74 Exh. DJG-14, Ibbotson at 112. 
75 Exh. DJG-20, Vitali Kalesnik and Noah Beck, Busting the Myth About Size (Research Affiliates 2014), 

available at 
https://www.researchaffiliates.com/Our%20Ideas/Insights/Fundamentals/Pages/284_Busting_the_Myth_About_Size
.aspx. 

https://www.researchaffiliates.com/Our%20Ideas/Insights/Fundamentals/Pages/284_Busting_the_Myth_About_Size.aspx
https://www.researchaffiliates.com/Our%20Ideas/Insights/Fundamentals/Pages/284_Busting_the_Myth_About_Size.aspx
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A: Mr. McKenzie suggests that flotation costs should have an increasing effect on the cost of 1 

equity of 10 basis points.76   2 

Q: Do you agree with Mr. McKenzie’s theory? 3 

A: No.  When companies issue equity securities, they typically hire at least one investment 4 

bank as an underwriter for the securities.    The Commission should not allow recovery of 5 

flotation costs for the following reasons: 6 

 1. Flotation costs are not actual “out-of-pocket” costs. 

  Unlike the Company’s other operating expenses, Avista does not actually pay for 7 

flotation costs.  Instead, the underwriters used to facilitate the equity issuance are 8 

compensated through an “underwriting spread.”  An underwriting spread is the difference 9 

between the price at which the underwriter purchases the shares from the firm, and the 10 

price at which the underwriter sells the shares to investors.77  Thus, Avista has not 11 

experienced any out-of-pocket flotation costs, and if it has, those costs should be included 12 

in the Company’s expense schedules. 13 

 2. The market already accounts for flotation costs. 

  When an underwriter markets a firm’s securities to investors, the investors are 14 

well aware of the underwriter’s fees.  In other words, the investors know that a portion of 15 

the price they are paying for the shares does not go directly to the company, but instead 16 

goes to compensate the underwriter for its services.  In fact, federal law requires that the 17 

                                                 

76 See McKenzie, Exh. AMM-1T at 45:14-18. 
77 Exh. DJG-8, Graham, Smart & Megginson at 509. 
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underwriter’s compensation be disclosed on the front page of the prospectus.78  Thus, 1 

investors have already considered and accounted for flotation costs when making their 2 

decision to purchase shares at the quoted price.  There is no need for the Company’s 3 

shareholders to receive additional compensation to account for costs they have already 4 

considered and agreed to.   5 

We see similar compensation structures in other kinds of business transactions.  6 

For example, a homeowner may hire a realtor and sell a home for $100,000.  After the 7 

realtor takes a six percent commission, the seller nets $94,000.  The buyer and seller 8 

agreed to the transaction notwithstanding the realtor’s commission.  Obviously, it would 9 

be unreasonable for the buyer or seller to demand additional funds from anyone after the 10 

deal is done to reimburse them for the realtor’s fees.  Likewise, investors of competitive 11 

firms do not expect additional compensation for flotation costs.  Thus, it would not be 12 

appropriate for a commission standing in the place of competition to award a utility’s 13 

investors with this additional compensation.  14 

3. It is inappropriate to add any additional basis points to a cost of equity proposal that 
is already far above the true required return. 

  For the reasons discussed above, flotation costs should be disallowed from a 15 

technical standpoint; they should also be disallowed from a practical standpoint.  Avista 16 

is asking this Commission to award it a cost of equity that is well over 200 basis points 17 

                                                 

78 See Regulation S-K, 17 C.F.R. § 229.501(b)(3) (requiring that the underwriter’s discounts and 
commissions be disclosed on the outside cover page of the prospectus).  A prospectus is a legal document that 
provides details about an investment offering.  
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above its true cost of equity.  Under these circumstances, it is especially inappropriate to 1 

suggest that the effect of flotation costs should be considered in any way. 2 

D.   Non-Utility DCF Model 

Q: Do you agree with the results of Mr. McKenzie’s non-utility DCF Model? 3 

A: No.  Mr. McKenzie also conducted a DCF analysis on a group of non-utility firms.  Cost 4 

of capital witnesses routinely conduct their analyses on a group of “proxy” companies 5 

that include regulated utilities.  This practice likely stems from “corresponding risk” 6 

standard set forth by the Hope Court.  That is, the risk inherent in the equity of 7 

competitive firms is simply not comparable to the risk inherent in the equity of regulated 8 

utilities.  This is because the regulated utility industry is essentially the least risky 9 

industry in the entire country, as shown in Figure 4, discussed above.  The beta term is 10 

used in the CAPM as an objective way to determine the impacts of market risk on an 11 

individual firm.  Beta is calculated through linear regression analysis that considers the 12 

correlation between the returns on an individual stock with the returns on the market 13 

portfolio (i.e., all stocks).  The betas for regulated utilities are decisively and consistently 14 

lower than the betas of competitive firms, which means that the stocks of regulated 15 

utilities are less risky than the stocks of competitive firms. 16 

  This is why cost of capital witnesses routinely conduct their DCF, CAPM, and 17 

comparable earnings analyses on a “proxy” group of regulated utilities, not unregulated, 18 

competitive firms – because competitive firms are simply not comparable to regulated 19 

utilities in terms of their risk profiles.  Thus, Mr. McKenzie’s analysis is based on a 20 
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faulty premise and provides no accurate, fair, or reasonable indication of Avista’s cost of 1 

equity in this case. 2 

X.   COST OF EQUITY SUMMARY 

Q: Mr. Garrett, please summarize the results of the DCF and CAPM cost of equity 3 

models you presented in testimony. 4 

A: The following table shows the cost of equity results from each of the models I employed 5 

in this case.   6 

Figure 10: 
Cost of Equity Summary79 

 

The average cost of equity of the DCF Model and the CAPM is 7.0 percent.  7 

Furthermore, it is noteworthy that these two models produced comparable results, 8 

especially considering the fact that the inputs for the two modes are completely different.  9 

Again, the DCF Model considers stock price, dividends, and a long-term growth rate.  10 

The CAPM considers the risk-free rate, beta, and the equity risk premium.  These inputs 11 

                                                 

79 Exh. DJG-4 at 12. 

Model Cost of Equity

Discounted Cash Flow Model 7.2%

Capital Asset Pricing Model 6.8%

Average 7.0%
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are relatively unrelated to each other, and yet the models produced similar results.80  This 1 

fact further highlights the validity of these two models, which have been relied upon by 2 

executives, analysts, academics, and regulators for decades to value companies and 3 

estimate cost of equity.   4 

Q: What do you recommend for the awarded return on equity? 5 

A: The Commission should strive to award a return on equity that reflects the market-based 6 

cost of equity.  However, the awarded return must also consider broader ratemaking 7 

principles and be reasonable under the circumstances. The results of the financial models 8 

presented in this case indicate a cost of equity estimate of 7.0 percent.  In the interest of 9 

achieving a gradual movement toward the appropriate market-based cost of equity, I 10 

recommend the Commission in this case adopt an awarded return on equity of nine 11 

percent, which is the midpoint in a range of reasonableness of 8.75 percent to 9.25 12 

percent.     13 

XI.   CAPITAL STRUCTURE 

Q: Describe, in general, the concept of a company’s “capital structure.” 14 

A: “Capital structure” refers to the way a firm finances its overall operations through 15 

external sources.  The primary sources of long-term, external financing are debt capital 16 

and equity capital.  Debt capital usually comes in the form of contractual bond issues that 17 

require the firm make payments, while equity capital represents an ownership interest in 18 

the form of stock.  Because a firm cannot pay dividends on common stock until it 19 

                                                 

80 These results also highlight the fact that the growth rate used in my DCF Model, nominal U.S. GDP 
growth, is a relatively high growth rate estimate for a utility company.  Using a growth rate closer to the risk-free 
rate or Avista’s projected load growth would have made the results of the DCF Model even closer to the CAPM. 
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satisfies its debt obligations to bondholders, stockholders are referred to as “residual 1 

claimants.”  The fact that stockholders have a lower priority to claims on company assets 2 

increases their risk and required return relative to bondholders.  Thus, equity capital has a 3 

higher cost than debt capital.  Firms can reduce their weighted average cost of capital 4 

(WACC) by recapitalizing and increasing their debt financing.  In addition, because 5 

interest expense is tax deductible, increasing debt also adds value to the firm by reducing 6 

the firm’s tax obligation.   7 

Q: Is it true that by increasing debt, competitive firms can add value and reduce their 8 

WACC? 9 

A: Yes.  A competitive firm can add value by increasing debt.  After a certain point, 10 

however, the marginal cost of additional debt outweighs its marginal benefit.  This is 11 

because the more debt the firm uses, the higher interest expense it must pay, and the 12 

likelihood of loss increases.  This increases the risk of recovery for both bondholders and 13 

shareholders, causing both groups of investors to demand a greater return on their 14 

investment.  Thus, if debt financing is too high, the firm’s WACC will increase instead of 15 

decrease.  The following figure illustrates these concepts.   16 



Dockets UE-170485 and UG-170486 (Consolidated) 
Response Testimony of DAVID J. GARRETT 

Exhibit DJG-1T 
 

Page 64 of 75 

   

Figure 11:  Optimal Debt Ratio 

 

 

 As shown in this figure, a competitive firm’s value is maximized when the WACC is 1 

minimized.  In both of these graphs, the debt ratio [D/(D+E)] is shown on the x-axis.  By 2 

increasing its debt ratio, a competitive firm can minimize its WACC and maximize its 3 

value.  At a certain point, however, the benefits of increasing debt do not outweigh the 4 

costs of the additional risks to both bondholders and shareholders, as each type of 5 

investor will demand higher returns for the additional risk they have assumed.81    6 

                                                 

81 Exh. DJG-8, Graham, Smart & Megginson at 440-41. 
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Q: Does the rate base rate of return model effectively incentivize utilities to operate at 1 

the optimal capital structure? 2 

A: No.  While it is true that competitive firms maximize their value by minimizing their 3 

WACC, this is not the case for regulated utilities.  Under the rate base rate of return 4 

model, a higher WACC results in higher rates, all else held constant.  The basic revenue 5 

requirement equation is as follows: 6 

Equation 12: 
Revenue Requirement for Regulated Utilities 

𝑅𝑅𝑅𝑅 = 𝑂𝑂 + 𝑑𝑑 + 𝑇𝑇 + 𝒓𝒓(𝑊𝑊 − 𝐷𝐷) 

where: RR = revenue requirement 
 O = operating expenses  
 d = depreciation expense 
 T = corporate tax 
 r = weighted average cost of capital (WACC) 
 A = plant investments 
 D = accumulated depreciation 

 
As shown in this equation, utilities can increase their revenue requirement by increasing 7 

their WACC, not by minimizing it.  Thus, because there is no incentive for a regulated 8 

utility to minimize its WACC, a Commission standing in the place of competition must 9 

ensure that the regulated utility is operating at the lowest reasonable WACC.    10 

Q: Do you believe that, generally speaking, utilities can afford to have higher debt levels 11 

than other industries? 12 

A: Yes.  Because regulated utilities have large amounts of fixed assets, stable earnings, and 13 

low risk relative to other industries, they can afford to have higher debt ratios (or 14 

“leverage”).  As aptly stated by Dr. Damodaran: 15 
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Since financial leverage multiplies the underlying business risk, it stands to 
reason that firms that have high business risk should be reluctant to take on 
financial leverage.  It also stands to reason that firms that operate in stable 
businesses should be much more willing to take on financial leverage.  
Utilities, for instance, have historically had high debt ratios but have not 
had high betas, mostly because their underlying businesses have been stable 
and fairly predictable.82 

Note in the passage above that the author explicitly contrasts utilities with firms that have 1 

high underlying business risk.  Because utilities have low levels risk and operate a stable 2 

business, they should generally operate with relatively high levels of debt to achieve their 3 

optimal capital structure.  There are objective methods available to estimate the optimal 4 

capital structure, as discussed further below.   5 

Q: Is it appropriate to solely consider the capital structures of the proxy group in 6 

assessing a prudent capital structure? 7 

A: No.  Utility witnesses often argue that regulators should consider only the capital structures 8 

of other regulated utilities in assessing the proper capital structure.  This type of analysis 9 

is oversimplified and insufficient for three important reasons: 10 

1. Utilities do not have a financial incentive to operate at the optimal capital structure.   

Under the rate base rate of return model, utilities do not have a natural financial incentive 11 

to minimize their cost of capital; in fact, they have a financial incentive to do the 12 

opposite.  Competitive firms, in contrast, can maximize their value by minimizing their 13 

cost of capital.  Competitive firms minimize their cost of capital by including a sufficient 14 

amount of debt in their capital structures.  Simply comparing the debt ratios of other 15 

regulated utilities will not indicate an appropriate capital structure for the Company.  16 

                                                 

82 Exh. DJG-6, Damodaran at 196 (emphasis added). 
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Rather, it is likely to justify debt ratios that are far too low.   It is the Commission’s role 1 

to act as a surrogate for competition and thereby ensure that the capital structure of a 2 

regulated monopoly is similar to what would be appropriate in a competitive 3 

environment, not a regulated environment.  This cannot be accomplished by simply 4 

looking at the capital structures of other regulated utilities or the target utility’s test-year 5 

capital structure.     6 

2. The optimal capital structure is unique to each firm. 

As discussed further below, the optimal capital structure for a firm is dependent on 7 

several unique financial metrics for that firm.  The other companies in the proxy group 8 

have different financial metrics than the target utility, and thus have different optimal 9 

capital structures.  An objective analysis should be performed using the financial metrics 10 

of the target utility in order to estimate its unique optimal capital structure.   11 

3. The capital structures of the proxy group may not have been approved by their 
regulatory commissions. 

The actual capital structure of any utility falls within the realm of managerial discretion.  12 

Regulatory commissions, however, have a duty to impute a proper capital structure if the 13 

company’s actual capital structure is inappropriate.  Thus, the actual capital structures of 14 

other utilities may have been deemed inappropriate by their own commission.  For all of 15 

the foregoing reasons, simply comparing the capital structures of other regulated utilities 16 

has no place in a proper capital structure analysis.  17 

Q: Describe an objective approach to estimating a firm’s optimal capital structure. 18 
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A: My analysis of the optimal capital structure includes objective methods to measure the 1 

effects of increasing debt on both the cost of debt and cost of equity.  I will discuss the 2 

effects of increasing the debt ratio on each type of security separately.   3 

Cost of Debt 

As discussed above, increasing the debt ratio will increase the cost of debt.  To 4 

objectively measure how much the cost of debt increases, I considered the spreads above 5 

the risk-free rate for various levels of bond ratings and interest coverage ratios.  The 6 

following table shows increasing interest rates for debt based on different bond rating 7 

levels. 8 

Figure 12: 
Bond Rating Spreads 

 

Coverage Bond Interest
Ratio Rating Spread Rate

> 8.5 Aaa/AAA 0.75% 3.52%
6.5 - 8.49 Aa2/AA 1.00% 3.77%
5.5 - 6.49 A1/A+ 1.10% 3.87%
4.25 - 5.49 A2/A 1.25% 4.02%
3.0 - 4.24 A3/A- 1.75% 4.52%
2.5 - 2.99 Baa2/BBB 2.25% 5.02%
2.25 - 2.49 Ba1/BB+ 3.25% 6.02%
2.0 - 2.249 Ba2/BB 4.25% 7.02%
1.75 - 1.99 B1/B+ 5.50% 8.27%
1.5 - 1.74 B2/B 6.50% 9.27%
1.25 - 1.49 B3/B- 7.50% 10.27%
0.8 - 1.249 Caa/CCC 9.00% 11.77%

Ratings Table
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 As shown in this table, the spreads over the risk-free rate gradually increase as bond 1 

ratings fall.83  The spread is added to the risk-free rate to obtain the interest rates shown 2 

in the far right column.  This concept is somewhat comparable to the interest rate a 3 

mortgage lender would charge a borrower.  The mortgage lender’s advertised rate is 4 

usually the lowest rate, or the “prime” rate, which is available to borrowers with stellar 5 

credit scores.  As credit scores decrease, however, the offered interest rate will increase.  6 

The bond ratings in this figure are based on various levels of interest coverage ratios 7 

shown in the far left column.  The interest coverage ratio, as its name implies, is a metric 8 

used by financial analysts to gauge a firm’s ability to pay its interest expense from its 9 

available earnings before interest and taxes (EBIT).  (Likewise, the mortgage lender 10 

would consider the borrower’s personal income-debt ratio).  The formula for the interest 11 

coverage ratio is as follows: 12 

Equation 13: 
Interest Coverage Ratio 

𝐸𝐸𝑀𝑀𝑀𝑀𝑅𝑅𝐼𝐼𝑅𝑅𝑔𝑔𝐸𝐸 𝑏𝑏𝐼𝐼𝑏𝑏𝑏𝑏𝑀𝑀𝐼𝐼 𝐼𝐼𝑅𝑅𝐸𝐸𝐼𝐼𝑀𝑀𝐼𝐼𝐸𝐸𝐸𝐸 𝑀𝑀𝑅𝑅𝑑𝑑 𝑇𝑇𝑀𝑀𝐸𝐸𝐼𝐼𝐸𝐸
𝐼𝐼𝑅𝑅𝐸𝐸𝐼𝐼𝑀𝑀𝐼𝐼𝐸𝐸𝐸𝐸 𝐸𝐸𝐸𝐸𝐼𝐼𝐼𝐼𝑅𝑅𝐸𝐸𝐼𝐼  

As the debt ratio rises, the interest coverage ratio falls, the bond ratings increase, and the 13 

cost of debt increases.  Now that we have an objective way of measuring how increasing 14 

the debt ratio affects the cost of debt, we need to measure how increasing the debt ratio 15 

affects the cost of equity.   16 

                                                 

83 The link between interest coverage ratios and ratings was developed by looking at all rated companies in 
the U.S.  The default spreads are obtained from traded bonds.  The spreads are added to the risk-free rate to obtain 
the interest rates in the table.  http://pages.stern.nyu.edu/~adamodar/New_Home_Page/datafile/ratings.htm.   

http://pages.stern.nyu.edu/%7Eadamodar/New_Home_Page/datafile/ratings.htm
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Cost of Equity 

As with the cost of debt, increasing the debt ratio also increases the cost of equity.  To 1 

objectively measure how much the cost of equity increases, I first calculated the 2 

Company’s unlevered beta.   The unlevered beta is determined by the assets owned by the 3 

firm, and removes the effects of financial leverage.  As leverage increases, equity 4 

investors bear increasing amounts of risk, leading to higher betas.  Before the effects of 5 

financial leverage can be accounted for, however, the effects of leverage must first be 6 

removed, which is accomplished through the unlevered beta equation:84 7 

Equation 14: 
Unlevered Beta 

𝛽𝛽𝑈𝑈 =
𝛽𝛽𝐿𝐿

�1 + (1 − 𝑇𝑇𝑐𝑐) �𝐷𝐷𝐸𝐸��
 

where: βU = unlevered beta (or “asset” beta) 
 βL = average levered beta of proxy group 
 TC = corporate tax rate 
 D = book value of debt 
 E = book value of equity 

 
Using this equation, the beta for the firm can be unlevered, and then “re-levered” based 8 

on various debt ratios (by rearranging this equation to solve for βL).  So, by using the 9 

Bond Rating Spreads table and the unlevered beta equation, the costs of both debt and 10 

equity can be increased in correspondence with increasing the debt ratio, until the ideal 11 

capital structure is found: where the weighted average cost of capital is minimized. 12 

Q: Describe Avista’s optimal capital structure. 13 

                                                 

84 Exh. DJG-6, Damodaran at 197.  This formula was originally developed by Hamada in 1972. 
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A: The Company proposes a debt ratio of 50 percent in this case.  I analyzed the Company’s 1 

optimal capital structure based on the approach discussed above.  The following table 2 

presents different levels of Avista’s weighted average cost of capital (WACC) based on 3 

increasing debt ratios.   4 

Figure 13: 
Avista’s WACC at Various Debt Ratios 

 

In the figure above, the column on the far left shows increasing levels of debt ratios.  At a 5 

debt ratio of zero percent, the utility’s beta is completely unlevered.  As the debt ratio in 6 

the far left column increases, both the cost of equity and the cost of debt increase; 7 

however, the weighted average cost of capital decreases.  This table indicates that if we 8 

rely on the true cost of equity (about seven percent), the Company’s proposed debt ratio 9 

of only 50 percent appears reasonable.  However, the Company is requesting a 9.9 10 

percent awarded return.  If this request is factored into the equation (in the fourth column 11 

from the left), then the weighted average cost of equity is minimized at a much higher 12 

debt ratio – near 70 percent.  I am not suggesting that the Commission should impute a 13 

capital structure consisting of 70 percent debt.  However, as with its other costs, the 14 

Company has a duty to seek the lowest reasonable capital costs, which includes the 15 

weighted average cost of capital.  In that regard, the Company’s request of a 9.9 percent 16 

Debt Levered True Cost Awarded Coverage After-tax Optimal WACC at
Ratio Beta of Equity ROE Ratio Debt Cost WACC 9.9% ROE

0% 0.426 5.24% 9.90% ∞ 2.22% 5.24% 9.90%
20% 0.495 5.63% 9.90% 7.74 2.35% 4.97% 8.39%
30% 0.545 5.91% 9.90% 5.16 2.54% 4.90% 7.69%
40% 0.611 6.29% 9.90% 3.87 2.64% 4.83% 7.00%
50% 0.703 6.82% 9.90% 3.10 2.64% 4.73% 6.27%
60% 0.842 7.61% 9.90% 2.58 2.87% 4.76% 5.68%
70% 1.073 8.92% 9.90% 2.21 3.45% 5.09% 5.39%
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awarded ROE and a debt ratio of only 50 percent is patently unreasonable.  Even at an 1 

awarded ROE of nine percent (my recommendation), the Company’s optimal debt ratio is 2 

likely around 60 percent. 3 

Q: Is your opinion based in part on the fact that hundreds of competitive firms around 4 

the country utilize high debt ratios in order to maximize profits? 5 

A: Yes.  In fact, there are currently more than 1,000 firms across the country with debt ratios 6 

of 60 percent or greater, with an average debt ratio of 68 percent, as shown in the 7 

following figure:85 8 

 / / 9 

 10 

 / / / 11 

 12 

 / / / / 13 

 14 

 / / / / / 15 

 16 

 / / / / / /  17 

 18 

 / / / / / / / / 19 

                                                 

85 Exh. DJG-4 at 16. 
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Figure 14: 
Industries with Debt Ratios of 60% or Greater 

 

Many of the industries shown here, like public utilities, are generally well-established 1 

industries with large amounts of capital assets.  These shareholders of these industries 2 

demand higher debt ratios in order to maximize their profits.   There are several notable 3 

industries that are relatively comparable to public utilities in some ways.  For example, 4 

the Cable TV industry has an average debt ratio of about 69 percent.  Likewise, the 5 

telecommunication services industry has a debt ratio of 65 percent.    6 

Q.           What is your recommendation regarding the Company’s capital structure? 7 

Industry Number of Fimrs Debt Ratio
Advertising 44 73%
Air Transport 20 57%
Auto & Truck 19 74%
Bank (Money Center) 9 67%
Beverage (Soft) 43 64%
Broadcasting 29 68%
Brokerage & Investment Banking 42 77%
Cable TV 19 69%
Coal & Related Energy 38 69%
Hospitals/Healthcare Facilities 58 66%
Hotel/Gaming 73 61%
Office Equipment & Services 24 67%
Packaging & Container 25 63%
Paper/Forest Products 20 74%
R.E.I.T. 221 64%
Restaurant/Dining 83 61%
Retail (Automotive) 26 70%
Retail (Building Supply) 5 67%
Retail (Distributors) 83 60%
Telecom (Wireless) 19 61%
Telecom. Services 65 65%
Tobacco 20 85%
Trucking 26 74%
Total / Average 1011 68%
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A.             Despite evidence presented above indicating that the Company’s most prudent 1 

debt ratio could be as high as 60%, I recommend the Commission adopt the Company’s 2 

test year debt ratio of 51.5%.  Avista has requested a hypothetical debt ratio of only 50% 3 

debt.  The Company’s request is primarily based on the debt ratios of other regulated 4 

utilities.  As discussed above, it is not appropriate to base the analysis of a prudent capital 5 

structure on the actual capital structures of other utilities because (1) utilities do not have 6 

an incentive to operate with capital structures that result in minimized capital costs; (2) 7 

the optimal capital structure is unique to each firm; and (3) the capital structures of the 8 

proxy group many not have been approved by their respective commissions.  Finally, my 9 

analysis presented above reveals that a debt ratio as low as 50% would require a much 10 

lower corresponding ROE than is being proposed in this case.  For all of these reasons, 11 

the only hypothetical capital structure in this case that would be appropriate is one that 12 

consists of more debt, not less debt.  Therefore, the Commission should accept the 13 

Company’s test year capital structure consisting of 51.5% debt and 48.5% equity. 14 

XII.   CONCLUSION AND RECOMMENDATION 

Q: Summarize the key points of your testimony. 15 

A: The key points of my testimony are summarized as follows:   16 

1. The legal standards governing this issue are clear that the awarded rate of return 17 
should be based on the Company’s cost of capital. 18 

2. When the awarded rate of return exceeds the actual cost of capital, it results in an 19 
inappropriate transfer of excess wealth from customers to shareholders. 20 

3. The models I used in this case indicate the Company’s cost of equity is about 21 
7.0%.  However, under prudent ratemaking principles, the Commission should 22 
award Avista’s shareholders with a return on equity of 9.0%, which is within a 23 
reasonable range of 8.75% - 9.25%.  Although we must move awarded returns 24 
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toward true cost of equity, we should do so gradually rather than abruptly to avoid 1 
volatility within the industry.    2 

Q: Does this conclude your testimony? 3 

A: Yes, including any exhibits, appendices, and other items attached hereto.    4 
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TX Public Utility Commission of Texas PUC 45414 Prefiled 2/28/2017

Sharyland Utility Co.

OK Oklahoma Corporation Commission PUD 201600468 Prefiled 3/13/2017

Empire District Electric Co.

TX Railroad Commission of Texas GUD 10567 Prefiled 2/21/2017

CenterPoint Energy Texas Gas

AR Arkansas Public Service Commission 160‐159‐GU Prefiled 1/31/2017

Oklahoma Gas & Electric Co.

FL Florida Public Service Commission 160‐159‐GU Report 11/4/2016

Peoples Gas

AZ Arizona Corporation Commission E‐01345A‐16‐0036 Pre‐filed 12/28/2016

Arizona Public Service Co.

NV Nevada Public Utilities Commission 16‐06008 Pre‐filed 9/23/2016

Sierra Pacific Power Co.

OK Oklahoma Corporation Commission PUD 201500273 Pre‐filed 3/21/2016

Oklahoma Gas & Electric Co. Live 5/3/2016

OK Oklahoma Corporation Commission PUD 201500208 Pre‐filed 10/14/2015

Public Service Co. of Oklahoma Live 12/8/2015

OK Oklahoma Corporation Commission PUD 201500213 Pre‐filed 10/19/2015

Oklahoma Natural Gas Co.

Cost of capital, depreciation rates, terminal 

salvage, lifespans

Depreciation rates, simulated and actuarial 

analysis

Depreciation rates, depreciation grouping 

procedure

Testimony / Analysis

Cost of capital, depreciation rates, terminal 

salvage, lifespans

Cost of capital and depreciation rates

Depreciation rates, simulated and actuarial 

analysis

Cost of capital, depreciation rates, terminal 

salvage, lifespans

Cost of capital, depreciation rates, terminal 

salvage, lifespans

Depreciation rates, terminal salvage, 

lifespans, theoretical reserve

Cost of capital, depreciation rates, terminal 

salvage, lifespans

Depreciation rates
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Utility Regulatory Proceedings

Regulatory Agency /  Docket

State Company‐Applicant Number Issues Type Date

Testimony / Analysis

OK Oklahoma Corporation Commission PUD 201500123 Pre‐filed 7/8/2015

Oak Hills Water System Live 8/14/2015

OK Oklahoma Corporation Commission PUD 201400227 Pre‐filed 11/3/2014

CenterPoint Energy Oklahoma Gas Live 2/10/2015

OK Oklahoma Corporation Commission PUD 201400233 Pre‐filed 9/12/2014

Public Service Co. of Oklahoma Live 9/25/2014

OK Oklahoma Corporation Commission PUD 201400226 Pre‐filed 12/9/2014

Empire District Electric Co. Live 1/22/2015

OK Oklahoma Corporation Commission PUD 201400219 Pre‐filed

Fort Cobb Fuel Authority Live 1/29/2015

OK Oklahoma Corporation Commission PUD 201400140 Pre‐filed 12/16/2014

Fort Cobb Fuel Authority

OK Oklahoma Corporation Commission PUD 201300201 Pre‐filed 12/9/2013

Public Service Co. of Oklahoma Live 12/19/2013

OK Oklahoma Corporation Commission PUD 201300134 Pre‐filed 10/23/2013

Fort Cobb Fuel Authority Live 1/30/2014

OK Oklahoma Corporation Commission PUD 201300131 Pre‐filed 11/21/2013

Empire District Electric Co. Live 12/19/2013

OK Oklahoma Corporation Commission PUD 201300127 Pre‐filed 10/21/2013

CenterPoint Energy Oklahoma Gas Live 1/23/2014

OK Oklahoma Corporation Commission PUD 201200185 Pre‐filed 9/20/2012Gas transportation contract extension

Fuel prudence review and fuel adjustment 

clause

Fuel prudence review and fuel adjustment 

clause

Certificate of authority to issue new debt 

securities

Outside services, legislative advocacy, payroll 

expense, and insurance expense

Authorization of standby and supplemental 

tariff

Fuel prudence review and fuel adjustment 

clause

Fuel prudence review and fuel adjustment 

clause

Fuel prudence review and fuel adjustment 

clause

Fuel prudence review and fuel adjustment 

clause

Cost of capital and depreciation rates
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Utility Regulatory Proceedings

Regulatory Agency /  Docket

State Company‐Applicant Number Issues Type Date

Testimony / Analysis

Oklahoma Gas & Electric Co. Live 10/9/2012

OK Oklahoma Corporation Commission PUD 201200170 Pre‐filed 10/31/2012

Empire District Electric Co. Live 12/13/2012

OK Oklahoma Corporation Commission PUD 201200169 Pre‐filed 12/19/2012

Oklahoma Gas & Electric Co. Live 4/4/2013

Fuel prudence review and fuel adjustment 

clause

Fuel prudence review and fuel adjustment 

clause
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Source Capital Structure

Long-term Debt 51.50%

Cost Rates Weighted Cost

5.62% 2.89%

9.00% 4.37%

Awarded Rate of Return LOW RECOMMENDED HIGH

4.49%

7.14% 7.26% 7.38%

Recommended Range for

Common Equity 48.50%

8.75% 9.25% 4.24%



Dockets UE-170485 and UG-170486

Exhibit DJG-4

Proxy Group Summary

Page 2 of 17

[1] [2] [3] [4] [5] [6]

Company Ticker

Market Cap. 

($ millions)

Market 

Category

Moody's 

Ratings

Value Line 

Safety Rank

Financial 

Strength

Value Line 

Region

ALLETE ALE 4,000 Mid Cap A3 2 A Central

Ameren Corp. AEE 15,000 Large Cap Baa1 2 A Central

Avangrid, Inc. AGR 15,000 Large Cap Baa1 2 B++ East

Avista Corp. AVA 3,300 Mid Cap Baa1 2 A West

Black Hills BKH 3,700 Mid Cap Baa2 2 A West

CMS Energy Corp. CMS 14,000 Large Cap Baa1 2 B++ Central

Dominion Energy D 50,000 Large Cap Baa2 2 B++ East

DTE Energy Co. DTE 20,000 Large Cap Baa1 2 B++ Central

Edison International EIX 25,000 Large Cap A3 2 A West

El Paso Electric EE 2,100 Mid Cap Baa1 2 B++ West

Exelon Corp. EXC 37,000 Large Cap Baa2 3 B++ East

Hawaiian Elec. HE 3,500 Mid Cap Baa2 2 A West

IDACORP, Inc. IDA 4,200 Mid Cap Baa1 2 A West

NorthWestern Corp. NWE 2,900 Mid Cap Baa1 3 B+ West

Otter Tail Corp. OTTR 1,700 Small Cap A3 2 A Central

PG&E Corp. PCG 34,000 Large Cap A3 2 B++ West

Portland General POR 4,000 Mid Cap A3 2 B++ West

Sempra Energy SRE 28,000 Large Cap Baa1 2 A West

[1], [4], [5], [6] Value Line Investment Survey

[2] Large Cap > $10 billion; Mid Cap > $2 billion; Small Cap > $200 million

[3] Bond ratings
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Ticker ^GSPC ALE AEE AGR AVA BKH CMS D DTE EIX EE EXC HE IDA NWE OTTR PCG POR SRE

30-day Average 2517 78.05 59.24 47.53 51.79 68.89 47.24 77.90 109.38 78.64 55.91 37.98 33.84 89.36 58.27 43.75 67.52 46.30 115.60

Standard Deviation 29.4 0.63 0.82 0.59 0.34 0.91 0.80 1.00 1.56 1.20 1.14 0.71 0.39 1.04 0.79 1.10 4.03 0.61 1.93

09/06/17 2466 77.63 59.04 47.50 51.68 69.80 48.18 77.99 110.85 79.00 54.71 37.55 33.48 89.72 59.17 42.05 69.14 46.82 116.37

09/07/17 2465 78.65 59.45 48.04 52.02 69.93 48.46 78.25 111.03 79.61 55.16 38.03 33.60 90.83 59.46 42.65 69.76 47.25 118.13

09/08/17 2461 79.14 59.66 48.37 51.74 70.22 48.66 79.24 112.01 80.18 55.61 38.17 34.13 91.40 59.71 42.80 70.09 47.52 118.32

09/11/17 2488 79.14 60.47 48.62 51.56 70.83 49.10 79.92 112.67 80.92 56.01 38.47 34.42 91.88 60.11 43.20 71.00 47.84 119.21

09/12/17 2496 77.75 59.45 47.69 51.39 69.50 48.08 78.18 110.47 80.18 54.96 37.88 33.86 89.87 58.82 42.10 69.61 46.89 117.50

09/13/17 2498 77.56 58.89 47.22 51.33 69.48 47.50 78.07 109.41 80.42 54.67 37.80 33.74 89.50 58.70 42.15 69.01 46.54 117.29

09/14/17 2496 78.20 59.56 47.42 51.39 69.82 47.89 79.17 110.76 80.47 55.15 38.10 33.82 89.96 59.23 42.60 69.54 46.74 118.25

09/15/17 2500 78.41 59.81 47.51 51.64 69.63 47.87 79.50 111.45 80.64 55.15 37.61 33.72 90.06 58.96 43.00 69.73 46.62 118.45

09/18/17 2504 77.65 59.25 47.02 51.39 68.95 47.63 78.55 110.53 79.99 54.80 37.40 33.49 89.18 58.41 42.90 69.11 46.02 116.83

09/19/17 2507 77.68 59.25 46.77 51.53 69.00 47.39 78.33 110.18 79.16 54.85 37.28 33.37 89.11 58.47 43.05 68.74 46.23 116.75

09/20/17 2508 77.29 58.74 46.49 51.43 68.51 47.07 77.62 108.88 78.54 54.40 36.91 33.37 88.60 58.34 42.95 68.51 45.93 115.76

09/21/17 2501 77.15 58.81 46.56 51.30 68.73 47.06 77.30 109.02 78.11 54.90 37.15 33.56 88.52 58.64 43.00 68.64 45.96 115.91

09/22/17 2502 76.91 58.51 46.50 51.40 68.60 46.47 77.04 108.38 77.74 54.65 37.12 33.48 87.75 57.75 42.80 68.36 45.58 115.94

09/25/17 2497 77.56 59.38 47.10 51.53 69.23 47.10 78.02 109.74 78.72 55.30 37.60 33.80 88.67 57.87 43.15 68.75 45.95 116.88

09/26/17 2497 77.42 59.14 47.14 51.49 68.96 46.94 78.21 109.53 78.60 55.20 37.17 33.70 88.41 57.78 43.35 68.50 46.06 116.26

09/27/17 2507 77.70 57.92 46.75 51.54 69.07 46.23 76.78 107.24 77.54 55.30 37.15 33.55 88.35 57.42 44.05 67.44 45.90 114.50

09/28/17 2510 77.84 58.36 47.19 51.62 69.33 46.35 77.03 107.66 77.57 55.60 37.40 33.67 88.58 57.50 44.30 68.05 46.11 114.58

09/29/17 2519 77.29 57.84 47.42 51.77 68.87 46.32 76.93 107.36 77.17 55.25 37.67 33.37 87.93 56.94 43.35 68.09 45.64 114.13

10/02/17 2529 77.82 58.39 47.54 52.20 68.62 46.42 76.74 107.37 77.00 56.05 38.14 33.64 88.78 57.27 44.45 68.13 46.10 113.98

10/03/17 2535 77.55 57.93 47.48 52.18 69.08 45.97 75.95 106.60 77.01 56.15 37.84 33.64 88.42 57.30 44.35 68.31 46.12 113.87

10/04/17 2538 78.49 58.55 47.94 52.16 69.73 46.49 76.87 107.55 77.85 56.70 38.19 33.82 89.15 57.66 44.75 69.20 46.48 114.56

10/05/17 2552 78.49 58.84 48.31 52.05 69.15 46.53 76.81 107.75 77.68 56.75 38.35 33.78 88.69 57.73 44.85 69.07 46.31 112.02

10/06/17 2549 78.31 58.78 47.64 52.02 67.08 46.30 76.81 107.68 77.62 56.85 38.15 33.90 88.44 57.37 44.80 68.84 46.07 111.95

10/09/17 2545 78.08 59.15 47.38 52.20 67.09 46.48 76.64 107.93 77.55 57.05 38.04 33.80 88.38 57.44 44.40 68.65 46.05 112.63

10/10/17 2551 78.81 59.86 47.88 52.35 68.04 47.00 77.74 109.29 78.54 57.65 38.30 34.07 89.25 57.91 45.20 69.19 46.58 113.81

10/11/17 2555 79.06 59.78 48.25 52.24 68.00 47.35 78.01 109.70 78.42 57.85 38.46 34.28 89.54 58.00 45.25 69.15 46.70 114.94

10/12/17 2551 78.81 60.34 48.39 52.23 68.42 47.72 78.63 110.67 79.66 58.20 38.94 34.35 90.67 58.66 45.45 64.50 46.59 115.96

10/13/17 2553 78.38 60.41 47.99 52.23 67.67 47.54 78.62 109.89 77.99 58.10 39.24 34.33 90.34 58.44 45.30 57.72 46.25 114.87

10/16/17 2558 78.01 60.64 47.78 52.01 67.69 47.41 79.03 109.63 77.64 57.00 39.67 34.67 90.18 58.50 45.10 53.43 44.77 114.46

10/17/17 2559 78.78 60.95 48.11 51.99 67.60 47.81 78.96 110.16 77.60 57.15 39.60 34.89 90.59 58.63 45.25 57.44 45.50 114.04

All prices are adjusted closing prices reported by Yahoo! Finance, http://finance.yahoo.com 
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[1] [2] [3]

Stock Dividend

Company Ticker Dividend Price Yield

ALLETE ALE 0.535 78.05 0.69%

Ameren Corp. AEE 0.440 59.24 0.74%

Avangrid, Inc. AGR 0.432 47.53 0.91%

Avista Corp. AVA 0.357 51.79 0.69%

Black Hills BKH 0.445 68.89 0.65%

CMS Energy Corp. CMS 0.333 47.24 0.70%

Dominion Energy D 0.755 77.90 0.97%

DTE Energy Co. DTE 0.825 109.38 0.75%

Edison International EIX 0.543 78.64 0.69%

El Paso Electric EE 0.335 55.91 0.60%

Exelon Corp. EXC 0.327 37.98 0.86%

Hawaiian Elec. HE 0.310 33.84 0.92%

IDACORP, Inc. IDA 0.550 89.36 0.62%

NorthWestern Corp. NWE 0.525 58.27 0.90%

Otter Tail Corp. OTTR 0.320 43.75 0.73%

PG&E Corp. PCG 0.530 67.52 0.78%

Portland General POR 0.340 46.30 0.73%

Sempra Energy SRE 0.822 115.60 0.71%

Average $0.48 $64.84 0.76%

[1] Third quarter 2017 dividends per share.  Nasdaq.com

[2] Average stock price from DJG stock price exhibit.

[3] = [1] / [2]
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Growth Determinant Rate

Nominal GDP 4.10% [1]

Inflation 2.00% [2]

Risk Free Rate 2.80% [3]

Average 2.97%

[1], [2] CBO Long-Term Budget Outlook 2016 - 2046

[3] From DJG risk-free rate exhibit
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[1] [2] [3] [4]

Dividend Stock Price Growth Rate DCF

(d0) (P0) (g) Result

$0.48 $64.84 4.10% 7.2%

[1] Average proxy dividend from DJG dividend exhibit

[2] Average proxy stock price from DJG dividend exhibit

[3] Highest growth rate from DJG growth determinant exhibit

[4] Quarterly DCF Approximation = [d0(1 + g)0.25/P0 + (1 + g)0.25]4 - 1
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Date Rate

09/05/17 2.69%

09/06/17 2.72%

09/07/17 2.66%

09/08/17 2.67%

09/11/17 2.75%

09/12/17 2.78%

09/13/17 2.79%

09/14/17 2.77%

09/15/17 2.77%

09/18/17 2.80%

09/19/17 2.81%

09/20/17 2.82%

09/21/17 2.80%

09/22/17 2.80%

09/25/17 2.76%

09/26/17 2.78%

09/27/17 2.86%

09/28/17 2.87%

09/29/17 2.86%

10/02/17 2.87%

10/03/17 2.87%

10/04/17 2.87%

10/05/17 2.89%

10/06/17 2.91%

10/10/17 2.88%

10/11/17 2.88%

10/12/17 2.86%

10/13/17 2.81%

10/16/17 2.82%

10/17/17 2.80%

Average 2.81%

*Daily Treasury Yield Curve Rates on 30-year T-bonds, http://www.treasury.gov/resources-

center/data-chart-center/interest-rates/.



Dockets UE-170485 and UG-170486

Exhibit DJG-4

Beta Results

Page 8 of 17

Company Ticker Beta

ALLETE ALE 0.75

Ameren Corp. AEE 0.65

Avangrid, Inc. AGR NMF

Avista Corp. AVA 0.70

Black Hills BKH 0.85

CMS Energy Corp. CMS 0.65

Dominion Energy D 0.65

DTE Energy Co. DTE 0.65

Edison International EIX 0.60

El Paso Electric EE 0.75

Exelon Corp. EXC 0.70

Hawaiian Elec. HE 0.70

IDACORP, Inc. IDA 0.70

NorthWestern Corp. NWE 0.65

Otter Tail Corp. OTTR 0.90

PG&E Corp. PCG 0.65

Portland General POR 0.70

Sempra Energy SRE 0.80

Average 0.71

*Betas from Value Line Investment Survey
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[1] [2] [3] [4] [5] [6] [7] [8]

Year Index Value

Operating 

Earnings Dividends Buybacks

Earnings 

Yield

Dividend 

Yield

Buyback 

Yield

Gross Cash 

Yield

2011 11,385 877 240 405 7.70% 2.11% 3.56% 5.67%

2012 12,742 870 281 399 6.83% 2.20% 3.13% 5.33%

2013 16,495 956 312 476 5.80% 1.89% 2.88% 4.77%

2014 18,245 1,004 350 553 5.50% 1.92% 3.03% 4.95%

2015 17,900 885 382 572 4.95% 2.14% 3.20% 5.33%

2015 19,268 920 397 536 4.77% 2.06% 2.78% 4.85%

Cash Yield 5.15% [9]

Growth Rate 0.96% [10]

Risk-free Rate 2.81% [11]

Current Index Value 2,517 [12]

[13] [14] [15] [16] [17]

Year 1 2 3 4 5

Expected Dividends 131 132 133 135 136

Expected Terminal Value 2868

Present Value 122 114 107 100 2074

Intrinsic Index Value 2517 [18]

Required Return on Market 7.68% [19]

Implied Equity Risk Premium 4.88% [20]

[18] = Sum([13-17]) present values.

[20] Internal rate of return calculation setting [18] equal to [12] and solving for the discount rate

[9] = Average of [8]

[10] = Compund annual growth rate of [2] = (end value / beginning value)^1/4-1

[11] Risk-free rate from DJG risk-free rate exhibit

[12] 30-day average of closing index prices from DJG stock price exhibit

[13-16] Expected dividends = [9]*[12]*(1+[10])n ; Present value = expected dividend / (1+[11]+[19])n 

[17] Expected terminal value = expected dividend * (1+[11]) / [19] ; Present value = (expected dividend + expected terminal value) / (1+[11]+[19])n

[19] = [20] + [11]

[8] = [6] + [7]

[1-4] S&P Quarterly Press Releases, data found at https://us.spindices.com/indices/equity/sp-500 (additional info tab) (all dollar figures are in $ billions)

[5] = [2] / [1]

[6] = [3] / [1]

[7] = [4] / [1]

[1] Market value of S&P 500



Dockets UE-170485 and UG-170486

Exhibit DJG-4

Equity Risk Premium Results

Page 10 of 17

IESE Business School Survey 5.7% [1]

Graham & Harvey Survey 4.0% [2]

Duff & Phelps Report 5.0% [3]

Damodaran 5.2% [4]

Garrett 4.9% [5]

Highest 5.7%

[1] IESE Business School Survey

[2] Graham and Harvey Survey

[3] Duff & Phelps Client Alert 2016

[4] Highest ERP est., http://pages.stern.nyu.edu/~adamodar/ 

[5] From DJG implied ERP exhibit
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[1] [2] [3] [4]

Risk-Free Value Line Risk CAPM

Company Ticker Rate Beta Premium Results

ALLETE ALE 2.81% 0.750 5.70% 7.1%

Ameren Corp. AEE 2.81% 0.650 5.70% 6.5%

Avangrid, Inc. AGR 2.81% NMF 5.70% NA

Avista Corp. AVA 2.81% 0.700 5.70% 6.8%

Black Hills BKH 2.81% 0.850 5.70% 7.7%

CMS Energy Corp. CMS 2.81% 0.650 5.70% 6.5%

Dominion Energy D 2.81% 0.650 5.70% 6.5%

DTE Energy Co. DTE 2.81% 0.650 5.70% 6.5%

Edison International EIX 2.81% 0.600 5.70% 6.2%

El Paso Electric EE 2.81% 0.750 5.70% 7.1%

Exelon Corp. EXC 2.81% 0.700 5.70% 6.8%

Hawaiian Elec. HE 2.81% 0.700 5.70% 6.8%

IDACORP, Inc. IDA 2.81% 0.700 5.70% 6.8%

NorthWestern Corp. NWE 2.81% 0.650 5.70% 6.5%

Otter Tail Corp. OTTR 2.81% 0.900 5.70% 7.9%

PG&E Corp. PCG 2.81% 0.650 5.70% 6.5%

Portland General POR 2.81% 0.700 5.70% 6.8%

Sempra Energy SRE 2.81% 0.800 5.70% 7.4%

Average 0.709 6.8%

[6] = [1] + [2] * [3]

[1] From DJG risk-free rate exhibit

[2] From DJG beta exhibit

[3] From DJG equity risk premium exhibit
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Model Cost of Equity

Discounted Cash Flow Model 7.2%

Capital Asset Pricing Model 6.8%

Average 7.0%
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Source Estimate

IESE Survey 8.5% [1]

Graham Harvey Survey 6.8% [2]

Damodaran 8.0% [3]

Garrett 7.7% [4]

Average 7.8%

[1] Average reported ERP + riskfree rate

[2] Average reported ERP + risk-free rate

[3] Recent highest reported ERP + risk-free rate

[4] From implied ERP exhibit herein
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[1] [2] [3]

Average Awarded Annual Market
Quarter Cases Filed ROE Year Return

2005.1 4 10.55% 2005 4.83%

2005.2 12 10.13% 2006 15.61%

2005.3 8 10.84% 2007 5.48%

2005.4 10 10.57% 2008 -36.55%

2006.1 11 10.38% 2009 25.94%

2006.2 18 10.39% 2010 14.82%

2006.3 7 10.06% 2011 2.10%

2006.4 12 10.38% 2012 15.89%

2007.1 11 10.30% 2013 32.15%

2007.2 16 10.27% 2014 13.25%

2007.3 8 10.02% 2015 1.38%

2007.4 11 10.44% 2016 11.74%

2008.1 7 10.15%

2008.2 8 10.41% Average

2008.3 21 10.42% Arithmetic 8.89% [4]

2008.4 6 10.38% Geometric 7.39% [5]

2009.1 13 10.31%

2009.2 22 10.55%

2009.3 17 10.46% Average Return on All Stocks 8.1% [6]

2009.4 14 10.54%

2010.1 16 10.45% Average Utility Awarded ROE 10.2% [7]

2010.2 19 10.12%

2010.3 12 10.27%

2010.4 8 10.30%

2011.1 8 10.35%

2011.2 15 10.24%

2011.3 17 10.13% [8]

2011.4 10 10.29%

2012.1 17 10.84% Market Cost

2012.2 16 9.92% Year of Equity

2012.3 8 9.78% 2005 8.47%

2012.4 12 10.05% 2006 8.86%

2013.1 19 10.23% 2007 8.39%

2013.2 16 9.77% 2008 8.64%

2013.3 4 10.06% 2009 8.20%

2013.4 7 9.90% 2010 8.49%

2014.1 9 10.23% 2011 7.89%

2014.2 25 9.83% 2012 7.54%

2014.3 8 9.89% 2013 8.00%

2014.4 16 9.78% 2014 7.95%

2015.1 10 10.37% 2015 8.39%

2015.2 21 9.73% 2016 8.14%

2015.3 6 9.40%

2015.4 11 9.62% Average 8.25%

2016.1 14 10.26%

2016.2 27 9.57%

2016.3 12 9.76%

2016.4 17 9.57%

[5] = Geometric mean of [3]

[6] = Average ([4],[5])

[7] = Average of [2]

[8] Annual required market returns.  NYU Stern School of Business. http://pages.stern.nyu.edu/~adamodar/ (adding risk-free rate to implied ERP)

[1] Edison Electric Institute Financial Update.  Number of cases filed in each quarter.

[2] Edison Electric Institute Financial Update.  Average awarded utility ROE each quarter.

[3] Historical stock returns.  NYU Stern School of Business. http://pages.stern.nyu.edu/~adamodar/. 

[4] = Average of [3]
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[14] [15] [16] [17]

Coverage Bond Interest

289,803 [1] Ratio Rating Spread Rate

87,130 [2] 8.5 - 10.00 Aaa/AAA 0.60% 3.41%

1,682,004 [3] 6.5 - 8.49 Aa2/AA 0.80% 3.61%

1,648,727 [4] 5.5 - 6.49 A1/A+ 1.00% 3.81%

50.50% [5] 4.25 - 5.49 A2/A 1.10% 3.91%

102% [6] 3.0 - 4.24 A3/A- 1.25% 4.06%

5.62% [7]  2.5 - 2.99 Baa2/BBB 1.60% 4.41%

35% [8] 2.25 - 2.49 Ba1/BB+ 2.50% 5.31%

0.43 [9] 2.0 - 2.24 Ba2/BB 3.00% 5.81%

2.81% [10] 1.75 - 1.99 B1/B+ 3.75% 6.56%

5.70% [11] 1.5 - 1.74 B2/B 4.50% 7.31%

Coverage Ratio 3.33 [12] 1.25 - 1.49 B3/B- 5.50% 8.31%

Bond Rating Baa1 [13] 0.8 - 1.24 Caa/CCC 6.50% 9.31%

[18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29]

Debt D/E Levered True Cost Awarded Debt Interest Coverage Pre-tax After-tax Optimal WACC at

Ratio Ratio Beta of Equity ROE Level Expense Ratio Debt Cost Debt Cost WACC 9.9% ROE

0% 0% 0.426 5.24% 9.90% 0 0 ∞ 3.41% 2.22% 5.24% 9.90%

20% 25% 0.495 5.63% 9.90% 666,146 37,437 7.74 3.61% 2.35% 4.97% 8.39%

30% 43% 0.545 5.91% 9.90% 999,219 56,156 5.16 3.91% 2.54% 4.90% 7.69%

40% 67% 0.611 6.29% 9.90% 1,332,292 74,875 3.87 4.06% 2.64% 4.83% 7.00%

50% 100% 0.703 6.82% 9.90% 1,665,366 93,594 3.10 4.06% 2.64% 4.73% 6.27%

60% 150% 0.842 7.61% 9.90% 1,998,439 112,312 2.58 4.41% 2.87% 4.76% 5.68%

70% 233% 1.073 8.92% 9.90% 2,331,512 131,031 2.21 5.31% 3.45% 5.09% 5.39%

Unlevered Beta

Inputs Ratings Table

EBIT

Interest Expense

Book Debt

Book Equity

Debt / Capital

Debt / Equity

Debt Cost

Tax Rate

Risk-free Rate

Equity Risk Premium

Optimal Capital Structure Calculation

[1], [2] Q-AG-01-002 AG-1-2 Attachment (11) (000's) [12] = [1] / [2] [21] = [10] + [20] * [11]

[7] Company Schedule DPH-31 [16] NYU spread over risk-free rate [25] = [1] / [23]

[3], [4] Company Schedule DPH-31 (000's) [13] Company bond rating [22] Recommended awarded ROE

[5] = [3] / ([3] + [4]) [14] Ranges of coverage ratios [23] = [18] * ([3] + [4]); (000's)

[10] From DJG risk-free rate exhibit [19] = [18] / (1 - [18])  [28] = ([18] * [26]) + ((1 - [18]) * [21])

[11] From DJG equity risk premium exhibit [20] = [9] * (1 + (1 - [8]) * [6] [29] = ([18] * [26]) + ((1 - [18]) * [22])

[8] Estimated corporate tax rate [17] = [16] + [10] = est. debt cost [26] Debt cost given coverage ratio per Ratings Table

[9] Average beta / (1+(1 - [8])*[6]) [18] = debt / total capital [27] = [25] * (1 - [8])

[6] = [3] / [4] [15] Moody's / S&P bond ratings [24] = [22] * [7]; (000's)
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Industry Number of Fimrs Debt Ratio

Advertising 41 87%

Hospitals/Healthcare Facilities 38 84%

Broadcasting 30 83%

Restaurant/Dining 86 82%

Tobacco 22 80%

Coal & Related Energy 38 79%

Brokerage & Investment Banking 45 76%

Retail (Building Supply) 6 75%

Retail (Automotive) 25 73%

Auto & Truck 15 73%

Trucking 30 73%

Packaging & Container 26 66%

Bank (Money Center) 10 66%

Beverage (Soft) 36 66%

Office Equipment & Services 24 65%

Telecom. Services 67 64%

Retail (Distributors) 88 62%

Power 68 62%

Hotel/Gaming 69 61%

Telecom (Wireless) 17 61%

R.E.I.T. 238 60%

Food Wholesalers 16 60%

Retail (Grocery and Food) 14 59%

Real Estate (Operations & Services) 54 59%

Transportation 17 59%

Chemical (Basic) 45 58%

Construction Supplies 51 58%

Environmental & Waste Services 89 57%

Farming/Agriculture 37 56%

Business & Consumer Services 165 56%

Air Transport 18 56%

Green & Renewable Energy 25 55%

Computer Services 117 54%

Oil/Gas Distribution 78 54%

Utility (Water) 22 54%

Cable TV 14 53%

Steel 38 53%

Rubber& Tires 4 52%

Drugs (Biotechnology) 426 52%

Chemical (Specialty) 100 52%

Recreation 66 51%

Software (System & Application) 236 51%

Metals & Mining 97 51%

Beverage (Alcoholic) 25 51%

Information Services 64 51%

Household Products 129 51%

Chemical (Diversified) 8 50%

Aerospace/Defense 96 50%

Building Materials 41 50%

Oil/Gas (Production and Exploration) 330 50%

Investments & Asset Management 156 49%

Auto Parts 63 48%

Total / Average 3660 61%

http://pages.stern.nyu.edu/~adamodar/New_Home_Page/datafile/dbtfund.htm
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Company Ticker Debt Ratio

ALLETE ALE 42%

Ameren Corp. AEE 48%

Avangrid, Inc. AGR 23%

Avista Corp. AVA 51%

Black Hills BKH 67%

CMS Energy Corp. CMS 67%

Dominion Energy D 67%

DTE Energy Co. DTE 56%

Edison International EIX 42%

El Paso Electric EE 53%

Exelon Corp. EXC 56%

Hawaiian Elec. HE 42%

IDACORP, Inc. IDA 45%

NorthWestern Corp. NWE 52%

Otter Tail Corp. OTTR 43%

PG&E Corp. PCG 47%

Portland General POR 48%

Sempra Energy SRE 53%

Average 50%

Debt ratios from Value Line Investment Survey
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Date updated:

Created by:

What is this data?

Home Page:

Data website:

Companies in each industry:

Variable definitions:

Industry Name Number of firms Average Unlevered Beta Average Levered Beta age correlation with the maTotal Unlevered Beta Total Levered Beta
Advertising 41 0.91 1.36 18.37% 4.95 7.42
Aerospace/Defense 96 0.94 1.07 30.35% 3.09 3.54
Air Transport 18 0.76 1.12 33.71% 2.26 3.33
Apparel 58 0.71 0.88 23.90% 2.95 3.68
Auto & Truck 15 0.38 0.85 34.42% 1.10 2.46
Auto Parts 63 0.94 1.12 26.78% 3.50 4.19
Bank (Money Center) 10 0.41 0.86 44.03% 0.92 1.95
Banks (Regional) 645 0.36 0.47 26.86% 1.36 1.76
Beverage (Alcoholic) 25 0.71 0.79 22.04% 3.22 3.60
Beverage (Soft) 36 0.78 0.91 17.32% 4.49 5.26
Broadcasting 30 0.70 1.22 42.36% 1.65 2.88
Brokerage & Investment Banking 45 0.42 1.08 36.21% 1.16 2.97
Building Materials 41 0.87 1.01 37.50% 2.32 2.69
Business & Consumer Services 165 0.85 1.07 26.37% 3.22 4.06
Cable TV 14 0.82 1.12 37.74% 2.17 2.96
Chemical (Basic) 45 0.68 1.00 25.94% 2.61 3.86
Chemical (Diversified) 8 1.22 1.52 46.54% 2.62 3.26
Chemical (Specialty) 100 0.98 1.20 32.00% 3.07 3.74
Coal & Related Energy 38 0.61 1.36 17.63% 3.43 7.73
Computer Services 117 0.83 0.99 25.93% 3.20 3.80
Computers/Peripherals 55 0.94 1.06 24.58% 3.84 4.29
Construction Supplies 51 1.02 1.31 39.31% 2.60 3.34
Diversified 24 0.63 0.76 41.66% 1.51 1.84
Drugs (Biotechnology) 426 1.25 1.40 22.02% 5.66 6.37
Drugs (Pharmaceutical) 164 0.93 1.02 19.66% 4.71 5.17
Education 36 1.05 1.23 23.69% 4.42 5.17
Electrical Equipment 119 1.04 1.14 23.42% 4.42 4.88
Electronics (Consumer & Office) 24 0.97 1.08 21.07% 4.61 5.14
Electronics (General) 164 0.83 0.86 23.34% 3.54 3.70
Engineering/Construction 48 1.01 1.18 36.14% 2.79 3.27
Entertainment 79 0.97 1.20 18.79% 5.14 6.40
Environmental & Waste Services 89 0.63 0.85 18.59% 3.38 4.58
Farming/Agriculture 37 0.62 0.92 21.50% 2.86 4.28
Financial Svcs. (Non‐bank & Insurance) 258 0.07 0.65 25.96% 0.26 2.52
Food Processing 87 0.63 0.75 24.81% 2.54 3.04
Food Wholesalers 16 0.93 1.20 25.24% 3.68 4.77
Furn/Home Furnishings 30 0.69 0.84 29.72% 2.33 2.81
Green & Renewable Energy 25 0.47 1.14 15.99% 2.93 7.13

5‐Jan‐17
Aswath Damodaran, adamodar@stern.nyu.edu

http://www.damodaran.com
http://www.stern.nyu.edu/~adamodar/New_Home_Page/data.html
http://www.stern.nyu.edu/~adamodar/pc/datasets/indname.xls
http://www.stern.nyu.edu/~adamodar/New_Home_Page/datafile/variable.htm

Total Beta (beta for completely undiversified investor) US companies
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Healthcare Products 254 0.92 1.04 21.71% 4.25 4.77
Healthcare Support Services 121 0.82 0.94 23.91% 3.42 3.93
Heathcare Information and Technology 125 0.83 0.95 23.14% 3.59 4.11
Homebuilding 33 0.77 1.08 40.94% 1.88 2.63
Hospitals/Healthcare Facilities 38 0.45 1.10 26.59% 1.67 4.13
Hotel/Gaming 69 0.67 0.96 29.66% 2.25 3.24
Household Products 129 0.69 0.80 18.61% 3.70 4.28
Information Services 64 0.87 0.98 41.74% 2.08 2.35
Insurance (General) 19 0.71 0.90 52.06% 1.37 1.74
Insurance (Life) 22 0.80 1.03 47.22% 1.70 2.19
Insurance (Prop/Cas.) 50 0.70 0.83 41.52% 1.69 2.00
Investments & Asset Management 156 0.68 0.90 31.15% 2.17 2.88
Machinery 127 0.93 1.06 37.89% 2.46 2.80
Metals & Mining 97 0.89 1.30 14.78% 6.01 8.82
Office Equipment & Services 24 1.09 1.49 35.76% 3.06 4.17
Oil/Gas (Integrated) 7 0.95 1.08 40.13% 2.36 2.69
Oil/Gas (Production and Exploration) 330 0.99 1.38 19.43% 5.11 7.09
Oil/Gas Distribution 78 0.69 1.20 35.63% 1.93 3.35
Oilfield Svcs/Equip. 148 1.11 1.37 26.20% 4.24 5.21
Packaging & Container 26 0.60 0.84 40.79% 1.48 2.06
Paper/Forest Products 23 0.83 1.12 26.74% 3.09 4.18
Power 68 0.33 0.54 27.97% 1.17 1.95
Precious Metals 109 1.10 1.25 10.75% 10.27 11.64
Publishing & Newspapers 37 0.96 1.32 31.33% 3.07 4.21
R.E.I.T. 238 0.41 0.72 38.78% 1.07 1.87
Real Estate (Development) 18 0.47 0.68 21.44% 2.19 3.19
Real Estate (General/Diversified) 11 1.09 1.27 33.87% 3.23 3.75
Real Estate (Operations & Services) 54 0.62 0.99 17.87% 3.45 5.55
Recreation 66 0.76 0.92 24.31% 3.12 3.79
Reinsurance 3 0.65 0.75 49.51% 1.31 1.51
Restaurant/Dining 86 0.61 0.77 29.02% 2.10 2.65
Retail (Automotive) 25 0.63 0.91 37.27% 1.69 2.45
Retail (Building Supply) 6 1.12 1.30 48.01% 2.34 2.70
Retail (Distributors) 88 0.77 1.10 30.13% 2.54 3.67
Retail (General) 19 0.82 1.05 37.73% 2.18 2.78
Retail (Grocery and Food) 14 0.46 0.69 27.87% 1.66 2.48
Retail (Online) 57 1.17 1.23 23.73% 4.94 5.17
Retail (Special Lines) 108 0.76 1.02 30.50% 2.48 3.35
Rubber& Tires 4 0.89 1.35 40.55% 2.19 3.32
Semiconductor 80 1.11 1.20 37.81% 2.94 3.16
Semiconductor Equip 45 1.10 1.10 33.63% 3.26 3.26
Shipbuilding & Marine 11 0.85 1.20 22.47% 3.80 5.35
Shoe 10 0.83 0.85 31.50% 2.63 2.70
Software (Entertainment) 13 0.96 0.98 19.34% 4.99 5.07
Software (Internet) 297 1.12 1.13 20.06% 5.57 5.65
Software (System & Application) 236 0.99 1.13 26.39% 3.75 4.27
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Steel 38 1.19 1.60 31.72% 3.76 5.04
Telecom (Wireless) 17 0.58 1.12 28.50% 2.04 3.92
Telecom. Equipment 107 0.86 0.99 26.14% 3.30 3.78
Telecom. Services 67 0.68 1.04 23.73% 2.85 4.39
Tobacco 22 1.13 1.28 20.34% 5.57 6.29
Transportation 17 0.83 1.01 42.25% 1.97 2.40
Transportation (Railroads) 7 0.66 0.79 42.18% 1.56 1.86
Trucking 30 0.76 1.21 37.64% 2.01 3.20
Utility (General) 18 0.25 0.38 27.33% 0.92 1.38
Utility (Water) 22 0.47 0.65 24.48% 1.93 2.65
Total Market 7330 0.65 1.00 26.67% 2.45 3.75

Total Market (without financials) 6100 0.85 1.08 26.30% 3.22 4.11
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A PP E N D IX

CBO

A
CBO’s Projections of 

Economic and Demographic Trends

The long-term outlook for the federal budget as 
described in this report was developed on the basis of the 
Congressional Budget Office’s projections for a host of 
economic and demographic trends for the next three 
decades. (Average values for 2016 to 2046, the period 
encompassed by CBO’s extended baseline, are shown in 
Table A-1. A set of annual projections is included in the 
supplemental data for this report, available online at 
www.cbo.gov/publication/51580.)

CBO’s Approach to Economic Projections
Through 2026, the economic projections presented in 
this volume are the same as those that CBO published in 
its January 2016 forecast (which underlies the agency’s 
most recent 10-year budget projections).1 For the years 
beyond 2026, CBO’s projections generally reflect historical 
trends and projected demographic changes. 

Comparing this year’s economic projections with last 
year’s is complicated by a change in CBO’s approach. 
This year, the detailed economic projections account for 
the macroeconomic effects of fiscal policy; the detailed 
projections shown in Appendix A of last year’s report, 
The 2015 Long-Term Budget Outlook, did not. Instead, 
the detailed 2015 economic projections were “bench-
mark” projections, consistent with a constant ratio of 
debt to gross domestic product (GDP) and constant 
marginal tax rates. Some of the macroeconomic effects 
of the fiscal policies embodied in the extended baseline, 
and their feedback effects on the budget, were presented 
separately last year.2

The result is that the estimates of economic variables 
presented in this appendix are not strictly comparable to 
those CBO published last year. Where possible, this year’s 
appendix highlights differences between this year’s and last 
year’s projections that incorporate the effects of fiscal policy. 
Nonetheless, most economic variables reported here are 
not strongly affected by fiscal policy, and the demographic 
projections are not affected at all. Where the effects did 
have a notable influence on CBO’s projections, this 
appendix highlights those effects for this year’s projections. 

Economic Variables
The performance of the U.S. economy in coming decades 
will affect the federal government’s tax revenues, spend-
ing, and debt accumulation. To estimate those effects, 
CBO projects trends in such key economic variables as 
the size and composition of the labor force, the number 
of hours worked, earnings per worker, capital accumula-
tion, productivity, inflation, and interest rates. The 
agency also considers ways in which fiscal policy influ-
ences economic activity. (Chapter 6 of this volume dis-
cusses the economic effects of some alternative paths for 
deficits and debt accumulation.)

Gross Domestic Product
CBO projects that a recovery in aggregate demand will 
spur more rapid growth in real (inflation-adjusted) GDP 
over the next few years than the economy has experienced, 
on average, since the recession ended. Thereafter, real 
GDP is projected to grow at a pace that reflects increases 
in the supply of labor, capital services, and productivity 
that are consistent with the changes in marginal tax rates 
and increases in federal debt that CBO is projecting in its 
extended baseline. 

CBO’s projection of real GDP growth—an annual average 
of 2.1 percent over the 2016–2046 period—is similar to 
last year’s projection. However, the growth rate is signifi-
cantly slower than the 2.6 percent rate of the past three 
decades, primarily because of the anticipated slower 
growth of the labor force. Moreover, as the labor force

1. See Congressional Budget Office, Updated Budget Projections: 
2016 to 2026 (March 2016), www.cbo.gov/publication/51384, 
and The Budget and Economic Outlook: 2016 to 2026 
(January 2016), Chapter 2, www.cbo.gov/publication/51129.

2. For a longer discussion of the projections that incorporated effects 
of fiscal policy under current law, see Congressional Budget Office, 
The 2015 Long-Term Budget Outlook (June 2015), Chapter 6, 
www.cbo.gov/publication/50250. 
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Table A-1. 

Average Annual Values for Economic and Demographic Variables That Underlie CBO’s Extended Baseline

Source: Congressional Budget Office.
The extended baseline generally reflects current law, following CBO’s 10-year baseline budget projections through 2026 and then extending most of the 
concepts underlying those baseline projections for the rest of the long-term projection period.
CPI-U = consumer price index for all urban consumers; GDP = gross domestic product; OASDI = Old-Age, Survivors, and Disability Insurance (Social 
Security); * = between -0.05 percent and zero.
a. Life expectancy as used here is period life expectancy, which is the amount of time that a person in a given year would expect to survive beyond his or 

her current age on the basis of that year’s mortality rates for various ages.

grows more slowly than the overall population, per capita 
real GDP is expected to increase more slowly than it has 
in the past—at an average annual rate of 1.4 percent over 
the 2016–2046 period, compared with 1.6 percent for the 
past 30 years.

Over the long term, total GDP is projected to be one-half 
of one percent below its potential (maximum sustainable) 
amount. That projection is based on CBO’s estimate 
that actual GDP was roughly that much lower than 
potential GDP, on average, from 1961 to 2009 and 
lower than potential GDP, on average, in each of the 

Growth of GDP 
Real GDP 2.1 2.0 2.1 2.1
Nominal GDP 4.1 4.1 4.2 4.1

Growth of the Labor Force 0.6 0.3 0.4 0.4

Unemployment 
Unemployment rate 4.9 5.0 4.8 4.9
Natural rate of unemployment 4.8 4.7 4.6 4.7

Growth of Average Hours Worked -0.1 -0.1 * -0.1

Growth of Total Hours Worked 0.5 0.3 0.4 0.4

Earnings as a Share of Compensation 81 81 81 81

Growth of Real Earnings per Worker 1.2 1.3 1.3 1.3

Share of Earnings Below the Taxable Maximum 80 77 77 78

Growth of Capital Services 2.4 1.8 1.9 2.0

Growth of Productivity
Total factor productivity 1.3 1.3 1.3 1.3
Labor productivity 1.6 1.7 1.8 1.7

Inflation
Growth of the CPI-U 2.3 2.4 2.4 2.4
Growth of the GDP price index 2.0 2.0 2.0 2.0

Interest Rates
Real rates

On 10-year Treasury notes and the OASDI trust funds 1.6 1.9 2.2 1.9
On all federal debt held by the public 0.8 1.5 1.9 1.4

Nominal rates
On 10-year Treasury notes and the OASDI trust funds 3.9 4.3 4.6 4.3
On all federal debt held by the public 3.1 4.0 4.3 3.7

Growth of the Population (Percent) 0.8 0.7 0.5 0.7

Fertility Rate (Children per woman) 1.9 1.9 1.9 1.9

Immigration Rate (Per 1,000 people in the U.S. population) 3.9 3.9 3.8 3.8

Life Expectancy at Birth, End of Period (Years)a 80.6 81.8 83.0 83.0

Life Expectancy at Age 65, End of Period (Years)a 20.2 20.9 21.6 21.6

Overall, 2016–20462037–20462027–20362016–2026

Demographic Variables

Economic Variables (Percent)
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past five business cycles. Those outcomes reflect CBO’s 
assessment that actual output has fallen short of potential 
output during and after economic downturns to a larger 
extent and for longer periods than actual output has 
exceeded potential output during economic booms.3

Labor Market
Among the factors accounted for in CBO’s labor market 
projections are the size of the labor force, the unemploy-
ment rate, the average number of hours that people work, 
and various measures of workers’ earnings. 

Growth of the Labor Force. The growth of the labor 
force has slowed progressively over the past few decades, 
but particularly since 2007. For the 2016–2046 period, 
CBO projects that the number of workers will increase by 
about 0.4 percent per year, on average. That rate is faster 
than the average since 2007 and similar to the rate CBO 
projected last year, but less than half the average for the 
past 30 years.

That slowdown in the pace relative to earlier decades is 
anticipated to result both from more workers’ leaving the 
labor force (because of the burgeoning retirement of 
the baby-boom generation, despite the gradual increase 
in the average retirement age) and from fewer workers’ 
entering it. The drop in new entrants will result from 
three trends. First, birth rates are declining: The nation’s 
fertility rate has fallen by nearly 50 percent since 1960, to 
slightly below 2 today (discussed later under “Fertility” 
on page 103). As a result, the annual growth rate of the 
population between the ages of 20 and 64, which aver-
aged about 1.0 percent over the past 30 years, is projected 
to slow to about 0.4 percent over the 2016–2046 period. 
Next, the participation of women in the labor force, which 
peaked in 1999, has declined slightly since then. (Partici-
pation rates among working-age men also have declined.) 
And finally, CBO estimates, some fiscal policies projected 
in the extended baseline would tend to reduce incentives 
to work. Notably, rising federal debt and increasing mar-
ginal tax rates (attributable to growth in real income) 
would limit the growth of after-tax wages, and continued 
growth in nongroup health insurance coverage under the 
Affordable Care Act over the next decade would reduce 
the need for employment-based coverage. 

CBO expects that those forces will be modestly offset by a 
pair of trends working in the opposite direction. First, 
increasing longevity will lead people to work longer: In 
the coming decades, the average person is likely to work 
about three months longer for each additional year of life 
expectancy. Thus, if life expectancy was four years longer 
for one cohort of workers than for an earlier one, the 
longer-lived cohort would work about a year longer, all 
else being equal. Second, the population is becoming 
more educated, and workers with more education tend to 
stay in the labor force longer than do people with less 
education.

The Unemployment Rate. CBO projects that the 
unemployment rate will decline from 5.0 percent at the 
end of 2015 to 4.4 percent in 2017, rise again gradually 
to 5.0 percent by 2020, and then remain at that level 
through 2026. In the meantime, the natural rate of 
unemployment (which results from all sources other than 
fluctuations in overall demand related to the business 
cycle) will gradually decline from 4.9 percent to slightly 
less than 4.8 percent.4 From 2021 onward, CBO projects, 
the unemployment rate will remain about one-quarter of 
a percentage point above the natural rate, which is consis-
tent with the historical average relationship between the 
two measures and with the projected gap of one-half of 
one percent between actual and potential GDP.

After 2026, the actual and natural rates of unemployment 
are both projected to decline gradually as a result of 
changes in demographics and education: Older and more 
educated workers tend to have lower actual and natural 
rates of unemployment, so those rates will decline as the 
labor force ages and becomes increasingly more educated. 
By 2046, the natural rate is projected to be slightly less 
than 4.6 percent, and the actual rate is projected to be 
about 4.8 percent. The adoption of projections of age- 
and education-specific natural rates of unemployment 
results in lower rates than CBO published last year, when 
the agency projected that the natural rate of unemploy-
ment would gradually decline to about 5.3 percent by the 
end of 2017 and to 5.2 percent by the end of 2020 and 
remain at 5.0 percent from 2027 onward.

Average Hours Worked. Different subgroups of the labor 
force work different numbers of hours, on average. Men 
tend to work more hours than women do, and people 

3. See Congressional Budget Office, Why CBO Projects That Actual 
Output Will Be Below Potential Output on Average (February 2015), 
www.cbo.gov/publication/49890.

4. That decline reflects the decreasing share of younger workers and 
the rising share of older workers in the working-age population: 
Older workers have lower unemployment rates than younger 
ones, so the changing shares will reduce the overall rate.

Dockets UE-170485 & UG-170486 
Exhibit DJG-11 

Page 3 of 10

https://www.cbo.gov/publication/49890


98 THE 2016 LONG-TERM BUDGET OUTLOOK JULY 2016

CBO

between the ages of 30 and 40 tend to work more than 
people between the ages of 50 and 60. CBO’s projections 
are based on the assumption that those differences among 
groups will remain stable. However, the agency also 
expects that over the long term, the composition of the 
labor force will shift toward groups that tend to work less 
(such as older workers). As a result, the average number 
of hours worked by the labor force as a whole will decline 
slightly. CBO estimates that by 2046, the average num-
ber of hours per worker will be about 2 percent less than 
it is today, about the same change in hours per worker 
that CBO projected last year.

Total Hours Worked. Total hours worked will increase at 
an average annual rate of 0.4 percent between 2016 and 
2046, CBO estimates, on the basis of projections of the 
size of the labor force, average hours worked, and unem-
ployment. That estimate matches last year’s projection for 
the 2015–2040 period.

Earnings as a Share of Compensation. Workers’ total 
compensation consists of taxable earnings and nontaxable 
benefits, such as paid leave and employers’ contributions 
to health insurance and pensions. Over the years, the 
share of total compensation paid in the form of 
earnings has slipped—from about 90 percent in 1960 to 
about 81 percent in 2015—mainly because the cost of 
health insurance has risen more quickly than has total 
compensation.5 

CBO expects that trend in health care costs to continue, 
and that by itself would further decrease the proportion 
of compensation that workers receive as earnings. How-
ever, starting in 2018, the Affordable Care Act will 
impose an excise tax on some employment-based health 
insurance plans that have premiums above specified 
amounts. Some employers and workers will respond by 
shifting to less expensive plans, thereby reducing the 
share of compensation consisting of health insurance pre-
miums and increasing the share that consists of earnings. 
CBO projects that the effects of the tax on the mix of 
compensation will roughly offset the effects of rising costs 
for health care for a few decades; after that, the effects of 
rising health care costs will outweigh those of the excise 
tax.6 As a result, the share of compensation that workers 
receive as earnings is projected to remain near 81 percent 
through 2046, which is about the same as CBO projected 
last year. (For more on the projected effects of the excise 

tax, see Chapter 5; for more on projected changes in 
health care costs, see Chapter 3.) 

Growth of Real Earnings per Worker. Trends in 
prices, the growth of nonwage compensation (such as 
employment-based health insurance), and average hours 
worked imply that real earnings per worker will grow by 
an average of 1.2 percent annually over the 2016–2026 
period and by 1.3 percent per year over the 2016–2046 
period. Last year, CBO projected that growth in real 
earnings per worker would average 1.4 percent between 
2015 and 2040. The current projection is lower because 
it accounts for changes in fiscal policy that would result 
in slower growth of output and earnings; the detailed 
economic projections published in The 2015 Long-Term 
Budget Outlook did not account for such effects.

Share of Earnings Below the Taxable Maximum. Social 
Security payroll taxes are levied only on earnings up to a 
maximum annual amount ($118,500 in 2016). Below 
that amount, earnings are taxed at a combined rate of 
12.4 percent, split between the employer and employee 
(self-employed workers pay the full amount); no tax is 
paid on earnings above the cap. The taxable maximum 
has remained a nearly constant proportion of the average 
wage since the mid-1980s, but because earnings have 
grown more for higher earners than for others, the por-
tion of covered earnings on which Social Security payroll 
taxes are paid has fallen from 90 percent in 1983 to 
82 percent now.7 CBO projects that the unequal growth 
in earnings will continue for the next decade and then 
stop: The portion of earnings subject to Social Security 
taxes is projected to fall below 78 percent by 2026 and to 
remain near that level thereafter. That share is about 
1 percentage point lower than CBO projected last year. 

The most recent projections, which reflect a reexamina-
tion of recent trends, show an increased rate of growth of 
wages and salaries for higher-income taxpayers relative to 
the growth of such income for other taxpayers and also 

5. For more details, see Congressional Budget Office, How CBO 
Projects Income (July 2013), www.cbo.gov/publication/44433.

6. CBO anticipates that the effects of the excise tax on the taxable 
share of compensation will diminish over time, both because it 
expects that most people will continue to want a significant 
amount of health insurance and because the Affordable Care Act 
set minimum amounts of coverage for health insurance plans. 
Therefore, the number of additional people moving to less 
expensive insurance plans will eventually dwindle.

7. Covered earnings are those received by workers in jobs subject to 
Social Security payroll taxes. Most workers pay payroll taxes on 
their earnings, although a small number—mostly in state and 
local government jobs or in the clergy—are exempt.
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relative to the growth rates that CBO had previously 
incorporated into its projections. That adjustment 
pushed more wages and salaries in CBO’s projections 
above the taxable maximum.

Capital Services 
Over the longer term, growth in the nation’s stock of cap-
ital and in the flow of productive services from that stock 
will be driven by economic output, private saving, federal 
borrowing, marginal tax rates, and international flows of 
financial capital, CBO estimates. In particular, capital 
services will expand slightly more slowly than output 
after 2026 because of rising debt and increasing marginal 
tax rates.

CBO’s projection of growth in the flow of real capital 
services is slightly below the rate it projected last year, 
largely because the agency improved its method for esti-
mating the productive services that flow from different 
types of assets. That change led CBO to lower its estimates 
of historical and projected growth of capital services in the 
nonfarm business sector even though the historical data 
that the agency uses to estimate capital services are largely 
unchanged. In addition, in this year’s projection, the greater 
accumulation of federal debt crowds out investment, fur-
ther dampening the growth of capital services. As a result, 
CBO projects the flow of real capital services to grow 
at an average rate of 2.0 percent per year between 2016 
and 2046. 

Total Factor Productivity 
The annual growth of total factor productivity (TFP, the 
average real output per unit of combined labor and capi-
tal services) is projected to increase from about 0.5 per-
cent in 2015 to about 1.4 percent in 2022 and then to 
slow slightly through 2046, yielding an average annual 
growth rate of 1.3 percent from 2016 to 2046, or about 
0.2 percentage points slower than the average annual rate 
of nearly 1.5 percent since 1950 and about the same as 
the average rate since 1990.

The projected path for TFP reflects several considerations 
that, in CBO’s judgment, suggest growth in coming 
decades that is slower than the long-term historical aver-
age. For example, with the exception of a period of rapid 
growth in the late 1990s and early 2000s, productivity 
has tended to grow more slowly in recent decades than 
it has since the 1950s and 1960s. The long-term trend 
suggests that projections for the next few decades should 
place somewhat more weight on more recent, slower 
growth than on the more rapid growth of the more 

distant past. Thus, although CBO’s projections include 
an acceleration in TFP from its particularly slow recent 
growth, the agency anticipates that TFP will return to 
a growth rate that is somewhat slower than its long-term 
average.

Some developments in particular support such projec-
tions for TFP, among them the recent slow growth in 
labor quality (a measure of workers’ skills that accounts 
for educational attainment and work experience) follow-
ing a relatively rapid rise over the past few decades. In 
CBO’s judgment, that change results both from a grad-
ual, persistent, long-term slowdown in the increase in 
average educational attainment and from the burgeoning 
retirement of a relatively large and skilled portion of the 
workforce—the baby-boom generation. The decline will 
be partly offset, however, by the aging of those remaining 
in the labor force over the next few decades, particularly 
as better health and longer life expectancy lead people to 
stay in the workforce longer than did members of previ-
ous generations. An older workforce generally has a larger 
proportion of more highly educated workers because 
those workers tend to remain in the labor force longer 
than do workers with less education. 

Another factor that is projected to slow the growth of 
TFP is a reduction in the amount projected for federal 
investment. Under the assumptions used for CBO’s base-
line, the government’s nondefense discretionary spending 
is projected to decline over the next decade to a much 
smaller percentage of GDP than it has averaged in the 
past. About half of nondefense discretionary spending 
from the 1980s onward consisted of federal investments 
in physical capital (such as roads), education and training, 
and research and development—all contributing to TFP 
growth. So lower nondefense discretionary spending as a 
percentage of GDP would mean less federal investment, 
causing growth in TFP to slow somewhat.

Although CBO’s projection in 2015 was also for average 
TFP growth of 1.3 percent, that consistency is the prod-
uct of offsetting changes. Because TFP reflects the por-
tion of growth in real GDP that is not attributable to 
changes either in hours worked or in capital services, the 
downward revision to capital services in earlier years 
resulted in a corresponding increase in historical TFP. 
Higher historical growth in TFP in turn suggests higher 
growth in the future than CBO previously projected. 
That change, however, was offset in CBO’s projections 
not only because CBO placed more weight on the con-
siderations discussed above for trends in TFP but also 
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because recent updates and revisions to historical output 
data led CBO, in developing its projections, to place 
more weight on the unexpected and persistent recent 
weakness in TFP growth.

Labor Productivity
The growth rates projected for the labor supply, the 
capital stock, and TFP result in CBO’s projection of the 
average growth of labor productivity (real output per 
hour worked) of 1.7 percent annually over the 2016–
2046 period. Last year, that growth was projected to aver-
age 1.8 percent between 2015 and 2040. The current 
projection is lower mainly because this year’s estimate 
accounts for effects of fiscal policy in the extended base-
line that would result in slower growth of investment. 

Inflation 
CBO projects the rate of inflation in the prices of various 
categories of goods and services as measured by the 
annual rate of change in the consumer price index for 
urban wage earners and clerical workers and in the con-
sumer price index for all urban consumers (CPI-U). CBO 
projects that inflation will average 2.4 percent over the 
2016–2046 period. (In the long term, both indexes are 
projected to increase at the same rate.) That long-term 
rate is slightly less than the average rate of inflation since 
1990, when growth in the CPI-U averaged 2.5 percent 
per year, and slightly more than the 2.3 percent average 
rate that CBO projected last year for the 2015–2040 
period. The change reflects the fact that CBO projected—
accurately, as it turns out—that the rate of inflation 
would be particularly low in 2015, a year that is no longer 
encompassed by the long-term projections.

After 2018, the annual inflation rate for all final goods and 
services produced in the economy, as measured by the rate 
of increase in the GDP price index, is projected to aver-
age 0.4 percentage points less than the annual increase in 
the consumer price indexes.8 The GDP price index grows 
more slowly than the consumer price indexes because it is 
based on the prices of a different set of goods and services 
and because it is based on a different method of calcula-
tion. The projected gap between the CPI-U and the 
GDP price index is unchanged from last year’s estimate. 

Interest Rates
CBO makes projections of the interest rates, both real 
and nominal, that apply to federal borrowing, including 
the rate on 10-year Treasury notes, the average rate on 
holdings of the Social Security trust funds, and the average 
rate on federal debt held by the public.

After considering several factors, including slower growth 
of the labor force, CBO expects real interest rates on fed-
eral borrowing to be lower in the future than they have 
been, on average, over the past few decades. The real 
interest rate on 10-year Treasury notes (calculated by 
subtracting the rate of increase in the consumer price 
index from the nominal yield on those notes) averaged 
roughly 3.1 percent between 1990 and 2007.9 That rate 
has averaged 0.8 percent since 2009 and is projected to 
be 1.7 percent in 2026. In CBO’s projections, the rate 
continues to rise thereafter, reaching 2.3 percent in 2046, 
0.7 percentage points lower than its average over the past 
few decades.

Factors Affecting Interest Rates. Analysts who wish to use 
past trends as a starting point for long-term projections of 
interest rates must exercise judgment about which periods 
to examine. Real interest rates were low in the 1970s 
because of an unexpected surge in inflation; in the 1980s, 
when inflation declined at an unexpectedly rapid pace, 
real rates were high.10 Interest rates fell sharply during the 
financial crisis and recession that began in 2007. 

8. Final goods and services are those purchased directly by 
consumers, businesses (for investment), and governments, as well 
as net exports.

9. Between 1970 and 2007, the real interest rate on 10-year Treasury 
notes averaged 3.2 percent; the average from 1953 to 2007 was 
2.9 percent. Historical inflation rates are taken from the consumer 
price index, adjusted to account for changes over time in the way 
that the index measures inflation. See Bureau of Labor Statistics, 
“CPI Research Series Using Current Methods (CPI-U-RS)” (April 
13, 2016), www.bls.gov/cpi/cpiurs.htm.

10. CBO calculates real interest rates by subtracting expected rates of 
inflation from nominal interest rates. Borrowers and lenders agree 
to nominal interest rates after accounting for their expectations of 
what inflation will be. However, if rates are set under the 
expectation that inflation will be a certain percentage and it ends 
up being higher, real interest rates will turn out to be lower than 
anticipated. If inflation ends up lower than expected, the opposite 
will occur. CBO’s approach is based on an assumption that the 
actual consumer price index, adjusted to account for changes over 
time in the way that the index measures inflation, is a useful proxy 
for expectations of inflation. One drawback is that if inflation 
trends are changing rapidly over time, changes in expectations 
may lag behind changes in actual inflation. Although CBO’s 
approach could mismeasure expectations of inflation and real 
interest rates in some years, the way inflation has fluctuated over 
time suggests that CBO’s approach yields useful measurements for 
30-year averages.
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To avoid using any of those possibly less representative 
periods, CBO considered average interest rates and their 
determinants for the 1990–2007 period and then judged 
how different those determinants might be over the long 
term.11 Some factors reduce interest rates; others increase 
them. In CBO’s assessment, over the 2016–2046 period, 
several factors will probably reduce interest rates on gov-
ernment securities relative to their 1990–2007 average: 

B The labor force is projected to grow much more slowly 
than it has for the past few decades. If everything else 
remains equal (including the unemployment rate), that 
slower growth in the number of workers will tend to 
increase the amount of capital per worker in the long 
term, reducing the return on capital and therefore also 
reducing the return on government bonds and other 
investments.12

B The share of total income received by high-income 
households is expected to be larger in the future than 
it has been during the past few decades. Higher-
income households tend to save a greater proportion 
of their income, so the difference in the distribution of 
income will increase the total amount of savings 
available for investment, other things being equal. As a 
consequence, the amount of capital per worker will 
rise and interest rates will fall.

B TFP will grow slightly more slowly in the future than 
it has in recent decades, CBO projects. For a given 
rate of investment, lower productivity growth reduces 
the return on capital and results in lower interest rates, 
all else being equal.

B The risk premium—the additional return that 
investors require to hold assets that are riskier than 
Treasury securities—will probably remain higher in 
the future than its average over the 1990–2007 period. 
Financial markets were already showing less appetite 
for risk in the early 2000s, resulting in higher risk 

premiums than in the 1990s. CBO expects the 
demand for low-risk assets to be further strengthened 
by the economic fallout from the financial crisis, the 
slow subsequent recovery, and financial institutions’ 
response to increased regulatory oversight. Moreover, 
the greater riskiness perceived for investments in 
countries with emerging market economies is likely to 
increase demand for U.S. assets (particularly federal 
debt) that are considered to be relatively risk-free. 
That rise in demand will lead to lower returns on 
those assets (that is, to lower interest rates).

At the same time, in CBO’s assessment, several factors 
will tend to boost interest rates on government securities 
relative to their average over the 1990–2007 period:

B Under the extended baseline, federal debt would be 
much larger as a percentage of GDP than it was before 
2007—reaching 86 percent by 2026 and 141 percent 
by 2046. The latter figure is three and a half times the 
average of the 1990–2007 period. Higher federal debt 
tends to crowd out private investment in the long 
term, reducing the amount of capital per worker and 
increasing both the return on capital and interest rates.

B Net inflows of capital from other countries will be 
smaller as a percentage of GDP in the future than they 
have been, on average, in recent decades, CBO projects. 
In the 1990s and early-to-middle 2000s, rapid 
economic growth and high rates of saving in various 
nations with emerging market economies led to large 
flows of capital from those countries to the United 
States. Two types of developments are likely to affect 
those flows in the future. On one hand, as those nations’ 
economies continue to grow, their consumption will 
probably increase relative to saving—because markets 
for their debt will develop and because average citizens 
will tend to receive more of the gains from economic 
growth—and their demand for domestic investment 
will rise. On the other hand, recent weakness in the 
outlook for global economic growth suggests that 
demand for investment abroad will be somewhat 
restrained. On net, that combination of changes is 
projected to reduce capital flows to the United States 
relative to those in the 1990s or early 2000s, decreasing 
domestic investment and the amount of capital per 
worker and boosting rates of return. (Those 
developments are consistent with CBO’s projection that 
the U.S. trade deficit, the gap between its imports and 
its exports, will be narrower in the future as a percentage 
of GDP than it has been for the past few decades.) 

11. A Bank of England study identified a similar set of determinants 
that account for the decline in real interest rates over the past 
30 years. See Lukasz Rachel and Thomas D. Smith, Secular 
Drivers of the Global Real Interest Rate, Staff Working Paper 571 
(Bank of England, December 2015), http://tinyurl.com/z6zqnb7 
(PDF, 1.8 MB).

12. For more information about the relationship between the growth 
of the labor force and interest rates, see Congressional Budget 
Office, How Slower Growth in the Labor Force Could Affect the 
Return on Capital (October 2009), www.cbo.gov/publication/
41325.
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B The capital share of income—the percentage of total 
income that is paid to owners of capital—has been on 
an upward trend for the past few decades, and CBO 
projects that it will remain higher than its average of 
recent decades. Although that share is expected to 
decline somewhat over the next decade from its 
current, historically high level, the factors that appear 
to have contributed to its rise (such as technological 
change and globalization) are likely to persist, keeping 
it above the historical average. In CBO’s estimation, a 
larger share of income accruing to owners of capital 
will directly boost the return on capital and thus 
interest rates.

B The retirement of the baby-boom generation and 
slower growth of the labor force will reduce the 
number of workers in their prime saving years relative 
to the number of older people who are drawing down 
their savings, CBO projects. The result will be a 
decrease in the total amount of savings available for 
investment (all else being equal), which will tend to 
reduce the amount of capital per worker and thereby 
push interest rates up. (CBO estimates that this effect 
will only partially offset the positive effect on savings 
of increased income inequality, leaving a net increase 
in savings available for investment.)

CBO also has considered other influences on interest 
rates but has concluded that they will have relatively 
small effects.

In addition to its analysis of the factors listed above, CBO 
relies on information from financial markets in projecting 
interest rates for the long term. The current rate on 30-
year Treasury bonds, for example, reflects market partici-
pants’ judgments about the path of interest rates on 
short-term securities for 30 years into the future. That 
market forecast informs CBO’s assessment of market 
expectations for the risk premium and for investment 
opportunities in the United States and abroad, and it 
points to considerably lower interest rates well into the 
future relative to those of recent decades. 

Projections of Interest Rates. Some factors mentioned 
above are easier than others to quantify. For instance, the 
effect of labor force growth and rising federal debt can be 
estimated from available data, theoretical models, and 
estimates in the literature. But the extent to which other 
factors will affect interest rates is more difficult to compute. 
A shift in preferences for low- rather than high-risk assets 
is not directly observable, for instance. And although the 
distribution of income is observable, neither models nor 

empirical estimates offer much guidance for quantifying 
its effect on interest rates. Moreover, current interest rates 
are not a reliable indicator of investors’ expectations 
about interest rates over the long term, in part because 
maturities of most of the government’s outstanding debt 
securities are much shorter than the 30-year period that is 
the focus of CBO’s long-term projections. In light of 
those sources of uncertainty, CBO relied on economic 
models, the research literature, and other information to 
guide its assessments of the effects of various factors on 
interest rates over the long term. 

The estimates and assumptions that underlie CBO’s 
extended baseline projections suggest a real interest rate on 
10-year Treasury notes that averages about 1.9 percent over 
the 2016–2046 period. That rate is about 1.2 percentage 
points lower than the 3.1 percent average recorded for the 
1990–2007 period, but it also implies that the real rate 
will gradually increase from its current unusually low 
level over the next three decades. In the final decade of 
the 30-year projection period, the rate is projected to 
average 2.2 percent. 

The average interest rate on all federal debt held by the 
public tends to be somewhat below the rates on 10-year 
Treasury notes because interest rates are generally lower 
on shorter-term than on longer-term debt and because 
Treasury securities are expected to mature, on average, 
over periods of less than 10 years. The combination of 
CBO’s projections of the interest rates for assets of differ-
ent maturities and the average maturity of federal debt for 
the period beyond CBO’s 10-year baseline leads to a 
0.4 percentage-point difference between the rate on 10-
year Treasury notes and the effective rate on federal debt. 
That difference is projected to average 0.8 percentage 
points over the next decade. The difference is larger over 
that period than is projected for later years because a sig-
nificant portion of federal debt outstanding during that 
period was issued at the very low interest rates prevailing 
in the aftermath of the recession. (The average interest 
rate on all federal debt is projected to rise more slowly 
than the 10-year rate because only a portion of federal 
debt matures each year.) Thus, CBO projects, the average 
real interest rate on all federal debt held by the public 
(adjusted for the rate of increase in the CPI-U) will be 
about 1.4 percent for the 2016–2046 period. 

The Social Security trust funds hold special-issue bonds 
that generally earn interest at rates that are higher than 
the average rate on federal debt. Therefore, in projecting 
the balances in the trust funds and calculating the present 
value of future streams of revenues and outlays for those 
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funds, CBO used an interest rate that averages 
1.9 percent for the 2016–2046 period.13 

Combining CBO’s projections of real interest rates with 
inflation, as measured by the growth of the CPI-U, yields 
projected nominal interest rates. CBO projects average 
nominal rates of 4.3 percent on 10-year Treasury notes 
and 3.7 percent on all federal debt held by the public for 
the 2016–2046 period.

Revisions to Projections of Interest Rates. The interest 
rate projections in this year’s long-term budget outlook 
are substantially lower than last year’s projections. The real 
rates on 10-year Treasury notes and the Social Security trust 
funds are projected to average 1.9 percent over the entire 
30-year projection period and 2.2 percent in the final 
decade of the period. In particular, both rates are pro-
jected to be 2.2 percent in 2040 (the final year of the 
projection in The 2015 Long-Term Budget Outlook). Last 
year, after accounting for the effects of fiscal policy in 
the extended baseline, CBO projected both rates to be 
2.6 percent in 2040.14

CBO’s downward revisions to its interest rate projections 
are rooted in several factors. Since last year CBO has 
revised upward its estimates of the risk premium and of 
the net inflow of foreign capital relative to GDP. Both 
changes led to a downward revision in projected interest 
rates and both are consistent with signals from financial 
markets that participants expect interest rates to remain 
low well into the future. In addition, a release last July 
of revised historical data from the Bureau of Economic 

Analysis led CBO to revise downward its estimate of the 
share of income that is generated by capital; the new data 
showed that the share was lower than reported previ-
ously.15 Finally, CBO expects TFP to grow more slowly 
relative to the growth experienced during the 1990–2007 
period than it anticipated last year. The recent decline in 
the capital share and the slower expected growth in TFP 
both imply lower returns on capital and, in turn, lower 
interest rates. 

Demographic Variables
In addition to influencing the overall performance of the 
economy, the size and composition of the U.S. popula-
tion affects federal tax revenues and spending. Demo-
graphic projections incorporate estimated rates of fertil-
ity, immigration, and mortality, and the changes in those 
variables ultimately will affect the size of the labor force 
and the number of beneficiaries for such federal programs 
as Social Security and Medicare. 

CBO anticipates that the annual growth rate of the U.S. 
population will decline gradually from about 0.8 percent 
in 2016 to about 0.5 percent in 2046 and that the total 
population will increase from 328 million at the begin-
ning of 2016 to 400 million in 2046. Those values are 
somewhat below the estimates published in last year’s 
report.

The population is projected not only to grow more slowly 
but also to become older, on average, than in the past. 
Because the elderly share of the population is growing 
and the working-age share is shrinking, the nation will 
face growing retirement and health care costs as a larger 
portion of the population receives Social Security and 
Medicare benefits while a smaller segment pays into the 
trust funds that support those federal programs. 

Fertility
CBO estimates a total fertility rate of 1.9 children per 
woman for the 2016–2046 period.16 (That rate is the 
average number of children that a woman would have in 
her lifetime if, at each age of her life, she experienced the 
birthrate observed or assumed for that year and if she 

13. A present value is a single number that expresses a flow of future 
income or payments in terms of an equivalent lump sum received 
or paid at a specific point in time; the present value of a given set 
of cash flows depends on the rate of interest—known as the 
discount rate—that is used to translate them into current dollars.

14. These comparisons address the economic projections that 
incorporate the effects of the fiscal policies embodied in the 
extended baseline. Last year’s benchmark projections—that is, the 
projections consistent with the assumption of a constant ratio of 
debt to GDP and stable effective marginal tax rates beyond 2025—
were different. In last year’s benchmark, the real rate on 10-year 
Treasury notes averaged 2.2 percent over the entire projection 
period and 2.3 percent in the later years. Although this year’s report 
does not use an economic benchmark, CBO estimated interest rates 
that are consistent with the assumption of a constant debt-to-GDP 
ratio and stable effective marginal tax rates beyond 2026. Those 
projections of 10-year Treasury note rates would be 1.7 percent over 
the 2016–2046 period, on average, and 1.8 percent in the later 
years. As a result, the comparable interest rates relative to last 
year’s benchmark projections are revised downward by about 
0.5 percentage points.

15. See Stephanie H. McCulla and Shelly Smith, “The 2015 Annual 
Revision of the National Income and Product Accounts,” Survey 
of Current Business, vol. 95, no. 8 (August 2015), pp. 1–31, 
http://go.usa.gov/x3Fe3 (PDF, 1.5 MB).

16. Although CBO projects a total fertility rate, in its long-term 
model, the likelihood that a particular woman will have a child 
depends on such factors as that woman’s education, marital status, 
immigration status, and childbearing history.
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survived her entire childbearing period.) Fertility rates 
often decline during recessions and rebound during 
recoveries. However, after the 2007–2009 recession, the 
U.S. fertility rate (which in 2007 was 2.1) dropped and 
has remained below 1.9. CBO’s projection is consistent 
with that recommended by the Social Security Advisory 
Board’s 2015 Technical Panel on Assumptions and 
Methods and slightly below the average rate of 2.0 that 
CBO projected last year for the 2015–2040 period.17 
The change in projected fertility is the largest factor in 
this year’s projection of slower population growth.

Immigration 
CBO’s immigration projections match those underlying its 
10-year baseline through 2026. After 2026, net annual 
immigration (which accounts for all people who either 
enter or leave the United States in any year) is projected to 
decline slowly until 2036, when it is expected to equal the 
rate projected by the Census Bureau.18 (CBO anticipates 
that net annual immigration will continue to match the 
Census Bureau’s projections thereafter.) On that basis, 
the rate of net annual immigration to the United States 
is projected to be 4.0 per thousand people in the U.S. 
population in 2026 and 3.7 per thousand people in 
2046. Net annual immigration is anticipated to rise from 
1.4 million people in 2026 to 1.5 million people in 2046. 
The current projection is higher than the annual net 
immigration rate of 3.2 per thousand people after 2025 
that CBO used in The 2015 Long-Term Budget Outlook. 
CBO increased its projection for the period after 2026 to 
be more consistent with the trend it anticipates for the 
next 10 years.

Mortality
The mortality rate, which is the number of deaths per 
thousand people, has generally declined in the United 
States for at least the past half century. During that 
period, the mortality rate has generally improved more 
quickly for younger people than for older people. In par-
ticular, a recent review of the data by CBO suggests that 
the differences in relative improvements in mortality 
exhibited by various age groups are significant and likely 

to continue. For example, mortality rates for people 
below 15 years old declined by about 80 percent between 
1950 and 2012, an average drop of more than 2½ percent 
per year, whereas mortality rates for people over the age of 
80 declined by an average of less than 1 percent per year 
over the same period. CBO projects that mortality rates 
for each five-year age group will continue to decline at 
the average pace experienced from 1950 through 2012. 
In contrast, in The 2015 Long-Term Budget Outlook, 
CBO projected that the rate of decline would be the same 
for all ages and both sexes. This year’s projections show a 
slower rate of decline in mortality rates for people in 
older groups than for younger, but no difference by sex.

CBO’s projections indicate an average life expectancy at 
birth of 82.3 years in 2040, compared with 79.2 years in 
2016.19 Similarly, CBO projects that life expectancy at 
age 65 in 2040 will be 21.2 years, or 1.8 years longer than 
life expectancy at age 65 in 2016.20 The life expectancies 
projected for 2040 this year are a bit shorter than those 
reported last year: In last year’s report, life expectancy at 
birth and at age 65 in 2040 was projected to be 82.6 years 
and 21.8 years, respectively. 

After projecting average mortality rates for men and 
women in each age group, CBO incorporates differences 
in those rates on the basis of marital status, education, 
and lifetime household earnings. (For people under 30, 
the mortality projections account for age and sex only.) 
CBO projects a greater life expectancy for people who are 
married, have more education, and are in higher income 
groups.21 

17. See 2015 Technical Panel on Assumptions and Methods, Report to 
the Social Security Advisory Board (September 2015), p. 9, 
http://go.usa.gov/cJYR5 (PDF, 3.4 MB); and Congressional 
Budget Office, The 2015 Long-Term Budget Outlook (June 2015), 
www.cbo.gov/publication/50250.

18. See Census Bureau, “Population Projections, 2014 National 
Population Projections: Summary Tables,” Table 1 (accessed 
July 8, 2016), http://go.usa.gov/x33DB. 

19. Life expectancy as used here is period life expectancy, which is the 
amount of time that a person in a given year would expect to 
survive beyond his or her current age on the basis of that year’s 
mortality rates for various ages.

20. CBO projects that life expectancy in 2090 will be 87.3 years at birth 
and 24.6 years at age 65. CBO’s projections of life expectancies 
are longer than those of the Social Security trustees (85.9 and 
23.6 years, respectively) but shorter than the projections (88.3 and 
25.3 years, respectively) recommended in the report of the 2015 
Technical Panel on Assumptions and Methods, Report to 
the Social Security Advisory Board (September 2015), pp. 13–20, 
http://go.usa.gov/cJYR5 (PDF, 3.4 MB).

21. For more information about mortality differences among groups 
with different earnings, see Congressional Budget Office, Growing 
Disparities in Life Expectancy (April 2008), www.cbo.gov/
publication/41681; and Julian P. Cristia, The Empirical 
Relationship Between Lifetime Earnings and Mortality, Working 
Paper 2007-11 (Congressional Budget Office, August 2007), 
www.cbo.gov/publication/19096.
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A SIMPLIFIED MODEL FOR PORTFOLIO ANALYSIS* 

WILLIAM F. SHARPEt 

University of Washington 

This paper describes the advantages of using a particular model of the rela- 
tionships among securities for practical applications of the Markowitz portfolio 
analysis technique. A computer program has been developed to take full ad- 
vantage of the model: 2,000 securities can be analyzed at an extremely 
low cost-as little as 2% of that associated with standard quadratic pro- 
gramming codes. Moreover, preliminary evidence suggests that the relatively 
few parameters used by the model can lead to very nearly the same results ob- 
tained with much larger sets of relationships among securities. The possi- 
bility of low-cost analysis, coupled with a likelihood that a relatively small 
amount of information need be sacrificed make the model an attractive candi- 
date for initial practical applications of the Markowitz technique. 

1. Introduction 

Markowitz has suggested that the process of portfolio selection be approached 
by (1) making probabilistic estimates of the future performances of securities, 
(2) analyzing those estimates to determine an efficient set of portfolios and 
(3) selecting from that set the portfolios best suited to the investor's preferences 
[1, 2, 3]. This paper extends Markowitz' work on the second of these three stages 
-portfolio analysis. The preliminary sections state the problem in its general form 
and describe Markowitz' solution technique. The remainder of the paper presents 
a simplified model of the relationships among securities, indicates the manner in 
which it allows the portfolio analysis problem to be simplified, and provides evi- 
dence on the costs as well as the desirability of using the model for practical 
applications of the Markowitz technique. 

2. The Portfolio Analysis Problem 

A security analyst has provided the following predictions concerning the future 
returns from each of N securities: 

Ei =- the expected value of Ri (the return from security i) 
Cil through Ci17 ; Cij represents the covariance between Ri and Rj (as 

usual, when i = j the figure is the variance of Rj) 

* Received December 1961. 
t The author wishes to express his appreciation for the cooperation of the staffs of both 

the Western Data Processing Center at UCLA and the Pacific Northwest Research Com- 
puter Laboratory at the University of Washington where the program was tested. His 
greatest debt, however, is to Dr. Harry M. Markowitz of the RAND Corporation, with 
whom he was privileged to have a number of stimulating conversations during the past 
year. It is no longer possible to segregate the ideas in this paper into those which were his, 
those which were the author's, and those which were developed jointly. Suffice it to say that 
the only accomplishments which are unquestionably the property of the author are those 
of authorship-first of the computer program and then of this article. 
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The portfolio analysis problem is as follows. Given such a set of predictions, 
determine the set of efficient portfolios; a portfolio is efficient if none other gives 
either (a) a higher expected return and the same variance of return or (b) a 
lower variance of return and the same expected return. 

Let Xi represent the proportion of a portfolio invested in security i. Then the 
expected return (E) and variance of return (V) of any portfolio can be expressed 
in terms of (a) the basic data (Es-values and Cij-values) and (b) the amounts 
invested in various securities: 

E= ZXiEi 

v = EXixjcij . 
iij 

Consider an objective function of the form: 

qE= XE-V 

=XZ Xii- E ixjcij . 

Given a set of values for the parameters (X, Ei's and Cij's), the value of 4 can 
be changed by varying the Xi values as desired, as long as two basic restrictions 
are observed: 

1. The entire portfolio must be invested :1 

Exi = 1 

and 2. no security may be held in negative quantities: 

Xi > 0 for all i. 

A portfolio is described by the proportions invested in various securities-in 
our notation by the values of Xi. For each set of admissable values of the Xi 
variables there is a corresponding predicted combination of E and V and thus 
of 4). Figure 1 illustrates this relationship for a particular value of X. The line 
Xl shows the combinations of E and V which give 05 = , where q = XkE -V; 
the other lines refer to larger values of X (X3 > 52 > i1). Of all possible portfolios, 
one will maximize the value of 0;3 in figure 1 it is portfolio C. The relationship 
between this solution and the portfolio analysis problem is obvious. The E, V 
combination obtained will be on the boundary of the set of attainable combina- 
tions; moreover, the objective function will be tangent to the set at that point. 
Since this function is of the form 

0 = XE-V 

1 Since cash can be included as one of the securities (explicitly or implicitly) this assump- 
tion need cause no lack of realism. 

2 This is the standard formulation. Cases in which short sales are allowed require a differ- 
ent approach. 

3 This fact is crucial to the critical line computing procedure described in the next sec- 
tion. 
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FIGURE 1 

the slope of the boundary at the point must be X; thus, by varying X from + 0o 
to 0, every solution of the portfolio analysis problem can be obtained. 

For any given value of X the problem described in this section requires the 
maximization of a quadratic function, 0 (which is a function of Xi , Xi2, and 
XiXj terms) subject to a linear constraint (iXi = 1), with the variables re- 
stricted to non-negative values. A number of techniques have been developed to 
solve such quadratic programming problems. The critical line method, developed 
by Markowitz in conjunction with his work on portfolio analysis, is particularly 
suited to this problem and was used in the program described in this paper. 

3. The Critical Line Method 

Two important characteristics of the set of efficient portfolios make systematic 
solution of the portfolio analysis problem relatively straightforward. The first 
concerns the relationships among portfolios. Any set of efficient portfolios can be 
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described in terms of a smaller set of corner portfolios. Any point on the E, V curve 
(other than the points associated with corner portfolios) can be obtained with 
a portfolio constructed by dividing the total investment between the two ad- 
jacent corner portfolios. For example, the portfolio which gives E, V combination 
C in Figure 1 might be some linear combination of the two corner portfolios with 
E, V combinations shown by points 2 and 3. This characteristic allows the analyst 
to restrict his attention to corner portfolios rather than the complete set of 
efficient portfolios; the latter can be readily derived from the former. 

The second characteristic of the solution concerns the relationships among 
corner portfolios. Two corner portfolios which are adjacent on the E, V curve 
are related in the following manner: one portfolio will contain either (1) all the 
securities which appear in the other, plus one additional security or (2) all but 
one of the securities which appear in the other. Thus in moving down the E, V 
curve from one corner portfolio to the next, the quantities of the securities in 
efficient portfolios will vary until either one drops out of the portfolio or another 
enters. The point at which a change takes place marks a new corner portfolio. 

The major steps in the critical line method for solving the portfolio analysis 
problem are: 

1. The corner portfolio with X = oo is determined. It is composed entirely of 
the one security with the highest expected return.4 

2. Relationships between (a) the amounts of the various securities contained 
in efficient portfolios and (b) the value of X are computed. It is possible 
to derive such relationships for any section of the E, V curve between 
adjacent corner portfolios. The relationships which apply to one section 
of the curve will not, however, apply to any other section. 

3. Using the relationships computed in (2), each security is examined to 
determine the value of X at which a change in the securities included in 
the portfolio would come about: 

a. securities presently in the portfolio are examined to determine the value 
of X at which they would drop out, and 

b. securities not presently in the portfolio are examined to determine the 
value of X at which they would enter the portfolio. 

4. The next largest value of X at which a security either enters or drops out of 
the portfolio is determined. This indicates the location of the next corner 
portfolio. 

5. The composition of the new corner portfolio is computed, using the rela- 
tionships derived in (2). However, since these relationships held only for 
the section of the curve between this corner portfolio and the preceding 
one, the solution process can only continue if new relationships are de- 
rived. The method thus returns to step (2) unless X = 0, in which case 
the analysis is complete. 

The amount of computation required to complete a portfolio analysis using 

4 In the event that two or more of the securities have the same (highest) expected return, 
the first efficient portfolio is the combination of such securities with the lowest variance. 
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this method is related to the following factors: 
1. The number of securities analyzed 

This will affect the extent of the computation in step (2) and the number 
of computations in step (3). 

2. The number of corner portfolios 
Steps (2) through (5) must be repeated once to find each corner port- 
folio. 

3. The complexity of the variance-covariance matrix 
Step (2) requires a matrix be inverted and must be repeated once for 
each corner portfolio. 

The amount of computer memory space required to perform a portfolio analysis 
will depend primarily on the size of the variance-covariance matrix. In the 
standard case, if N securities are analyzed this matrix will have ' (N2 + N) 
elements. 

4. The Diagonal Model 

Portfolio analysis requires a large number of comparisons; obviously the 
practical application of the technique can be greatly facilitated by a set of 
assumptions which reduces the computational task involved in such compari- 
sons. One such set of assumptions (to be called the diagonal model) is described 
in this article. This model has two virtues: it is one of the simplest which can 
be constructed without assuming away the existence of interrelationships among 
securities and there is considerable evidence that it can capture a large part of 
such interrelationships. 

The major characteristic of the diagonal model is the assumption that the 
returns of various securities are related only through common relationships with 
some basic underlying factor. The return from any security is determined solely 
by random factors and this single outside element; more explicitly: 

Ri= Ai + BI + Ci 

where Ai and Bi are parameters, Ci is a random variable with an expected value 
of zero and variance Qi, and I is the level of some index. The index, I, may be 
the level of the stock market as a whole, the Gross National Product, some price 
index or any other factor thought to be the most important single influence on 
the returns from securities. The future level of I is determined in part by random 
factors: 

I = An+1 + Cn+1 

where An+1 is a parameter and Cn+1 is a random variable with an expected value 
of zero and a variance of Qn+1 . It is assumed that the covariance between Ci and 
Cj is zero for all values of i and j (i 74 j). 

Figure 2 provides a graphical representation of the model. Ai and Bi serve to 
locate the line which relates the expected value of Ri to the level of I. Qi indicates 
the variance of Ri around the expected relationship (this variance is assumed to 
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be the same at each point along the line). Finally, A.+, indicates the expected 
value of I and Q.+, the variance around that expected value. 

The diagonal model requires the following predictions from a security analyst: 
1) values of Ai, Bi and Qi for each of N securities 
2) values of A.+, and Q.+, for the index I. 

The number of estimates required from the analyst is thus greatly reduced: from 
5,150 to 302 for an analysis of 100 securities and from 2,003,000 to 6,002 for an 
analysis of 2,000 securities. 

Once the parameters of the diagonal model have been specified all the inputs 
required for the standard portfolio analysis problem can be derived. The rela- 
tionships are: 

Ei = Ai + Bi(An+l) 

Vi = (Bi)2(Qn+l) + Qi 

C = (Bi) (Bj) (Qn?l) 

A portfolio analysis could be performed by obtaining the values required by 
the diagonal model, calculating from them the full set of data required for the 
standard portfolio analysis problem and then performing the analysis with the 
derived values. However, additional advantages can be obtained if the portfolio 
analysis problem is restated directly in terms of the parameters of the diagonal 
model. The following section describes the manner in which such a restatement 
can be performed. 

5. The Analogue 

The return from a portfolio is the weighted average of the returns from its 
component securities: 

N 

Rp= EXRi 
i=l 

The contribution of each security to the total return of a portfolio is simply 
XiRi or, under the assumptions of the diagonal model: 

Xi(Ai + BJ + Ci). 

The total contribution of a security to the return of the portfolio can be broken 
into two components: (1) an investment in the "basic characteristics" of the 
security in question and (2) an "investment" in the index: 

(1) Xi(Ai + BiI + Ci) = Xi(Ai + Ci) 

(2) + XiBil 

The return of a portfolio can be considered to be the result of (1) a series of in- 
vestments in N "basic securities" and (2) an investment in the index: 

N - N 

RI= Xi(Ai + Ci) + Xi Bi I 
i=l1i= 
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FIGURE 2 

Defining Xn+1 as the weighted average responsiveness of Rp to the level of I: 
N 

Xn+l- Z XdBi 
i=l 

and substituting this variable and the formula for the determinants of I, we 
obtain: 

N 

Rp ZXi(Ai + Ci) + Xnl1(An+1 + Cn+l) 
i=l 

N+1 

- >ZXi(Ai+Ci). 
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The expected return of a portfolio is thus: 

N+1 

E = ZXzAi 

while the variance is:5 

N+1 

v = E3Xi2Qi 
i=A 

This formulation indicates the reason for the use of the parameters A,+, and 
Q,+i to describe the expected value and variance of the future value of I. It 
also indicates the reason for calling this the "diagonal model". The variance- 
covariance matrix, which is full when N securities are considered, can be ex- 
pressed as a matrix with non-zero elements only along the diagonal by including 
an (n + 1) st security defined as indicated. This vastly reduces the number of 
computations required to solve the portfolio analysis problem (primarily in 
step 2 of the critical line method, when the variance-covariance matrix must be 
inverted) and allows the problem to be stated directly in terms of the basic 
parameters of the diagonal model: 

Maximize: XE - V 
N+1 

Where: E= ZXiAi 
iz=1 

N+1 

v= E Xt2Q 
i=1 

Subject to: Xi _ 0 for all i from 1 to N 

N 

ZXi= l 

N 

EX*Bi = X,nl . 
i=A 

6. The Diagonal Model Portfolio Analysis Code 

As indicated in the previous section, if the portfolio analysis problem is ex- 
pressed in terms of the basic parameters of the diagonal model, computing time 
and memory space required for solution can be greatly reduced. This section 
describes a machine code, written in the FORTRAN language, which takes full 
advantage of the characteristics of the diagonal model. It uses the critical line 
method to solve the problem stated in the previous section. 

The computing time required by the diagonal code is considerably smaller 
than that required by standard quadratic programming codes. The RAND QP 

6 Recall that the diagonal model assumes cov (Ci, C) = 0 for all i and j (i - j). 
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code6 required 33 minutes to solve a 100-security example on an IBM 7090 
computer; the same problem was solved in 30 seconds with the diagonal code. 
Moreover, the reduced storage requirements allow many more securities to be 
analyzed: with the IBM 709 or 7090 the RAND QP code can be used for no 
more than 249 securities, while the diagonal code can analyze up to 2,000 
securities. 

Although the diagonal code allows the total computing time to be greatly 
reduced, the cost of a large analysis is still far from insignificant. Thus there is 
every incentive to limit the computations to those essential for the final selection 
of a portfolio. By taking into account the possibilities of borrowing and lending 
money, the diagonal code restricts the computations to those absolutely neces- 
sary for determination of the final set of efficient portfolios. The importance of 
these alternatives, their effect on the portfolio analysis problem and the manner 
in which they are taken into account in the diagonal code are described in the 
remainder of this section. 

A. The "lending portfolio" 

There is some interest rate (re) at which money can be lent with virtual as- 
surance that both principal and interest will be returned; at the least, money 
can be buried in the ground (ri = 0). Such an alternative could be included as 
one possible security (Ai = 1 + r1, Bi = 0, Qi = 0) but this would necessitate 
some needless computation.7 In order to minimize computing time, lending at 
some pure interest rate is taken into account explicitly in the diagonal code. 

The relationship between lending and efficient portfolios can best be seen in 
terms of an E, a- curve showing the combinations of expected return and standard 
deviation of return (= v"V) associated with efficient portfolios. Such a curve 
is shown in Figure 3 (FBCG) ; point A indicates the E, a combination attained if 
all funds are lent. The relationship between lending money and purchasing port- 
folios can be illustrated with the portfolio which has the E, a combination shown 
by point Z. Consider a portfolio with X, invested in portfolio Z and the remainder 
(1 - Xz) lent at the rate ri . The expected return from such a portfolio would be: 

E = XXE, + (1 - X,) (1 + ri) 

and the variance of return would be: 

V = Xz2Vz + (1 - Xz)2Vi + 2X2(I - Xz) (covzl) 

6 The program is described in [4]. Several alternative quadratic programming codes are 
available. A recent code, developed by IBM, which uses the critical line method is likely to 
prove considerably more efficient for the portfolio analysis problem. The RAND code is 
used for comparison since it is the only standard program with which the author has had 
experience. 

7 Actually, the diagonal code cannot accept non-positive values of Qj; thus if the lending 
alternative is to be included as simply another security, it must be assigned a very small 
value of Qi. This procedure will give virtually the correct solution but is inefficient. 
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FIGURE 3 

But, since V1 and coval are both zero: 

V = Xz Vz 

and the standard deviation of return is: 

0= X=zOz 

Since both E and a- are linear functions of X,, the E, a- combinations of all port- 
folios made up of portfolio Z plus lending must lie on a straight line connecting 
points Z and A. In general, by splitting his investment between a portfolio and 
lending, an investor can attain any E, a- combination on the line connecting the 
E, a combinations of the two components. 

Many portfolios which are efficient in the absence of the lending alternative 
becomes inefficient when it is introduced. In Figure 3, for example, the possibility 
of attaining E, a combinations along the line AB makes all portfolios along the 
original E, a curve from point F to point B inefficient. For any desired level of 
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E below that associated with portfolio B, the most efficient portfolio will be some 
combination of portfolio B and lending. Portfolio B can be termed the "lending 
portfolio" since it is the appropriate portfolio whenever some of the investor's 
funds are to be lent at the rate ri . This portfolio can be found readily once the 
E, a curve is known. It lies at the point on the curve at which a ray from 
(E = 1 + rI, a = 0) is tangent to the curve. If the E, oa curve is not known in 
its entirety it is still possible to determine whether or not a particular portfolio 
is the lending portfolio by computing the rate of interest which would make the 
portfolio in question the lending portfolio. For example, the rate of interest 
associated in this manner with portfolio C is rb, found by extending a tangent to 
the curve down to the E-axis. The diagonal code computes such a rate of interest 
for each corner portfolio as the analysis proceeds; when it falls below the pre- 
viously stated lending rate the code computes the composition of the lending 
portfolio and terminates the analysis. 

B. The "borrowing portfolio" 

In some cases an investor may be able to borrow funds in order to purchase 
even greater amounts of a portfolio than his own funds will allow. If the appropri- 
ate rate for such borrowing were rb, illustrated in figure 3, the E, of combinations 
attainable by purchasing portfolio C with both the investor's funds and with 
borrowed funds would lie along the line CD, depending on the amount borrowed. 
Inclusion of the borrowing alternative makes certain portfolios inefficient which 
are efficient in the absence of the alternative; in this case the affected portfolios 
are those with E, oa combinations along the segment of the original E, oa curve 
from C to G. Just as there is a single appropriate portfolio if any lending is con- 
templated, there is a single appropriate portfolio if borrowing is contemplated. 
This "borrowing portfolio" is related to the rate of interest at which funds can 
be borrowed in exactly the same manner as the "lending portfolio" is related 
to the rate at which funds can be lent. 

The diagonal code does not take account of the borrowing alternative in the 
manner used for the lending alternative since it is necessary to compute all pre- 
vious corner portfolios in order to derive the portion of the E, a- curve below the 
borrowing portfolio. For this reason all computations required to derive the full 
E, a curve above the lending portfolio must be made. However, the code does 
allow the user to specify the rate of interest at which funds can be borrowed. 
If this alternative is chosen, none of the corner portfolios which will be inefficient 
when borrowing is considered will be printed. Since as much as 65% of the total 
computer time can be spent recording (on tape) the results of the analysis this 
is not an insignificant saving. 

7. The Cost of Portfolio Analysis with the Diagonal Code 

The total time (and thus cost) required to perform a portfolio analysis with 
the diagonal code will depend upon the number of securities analyzed, the num- 
ber of corner portfolios and, to some extent, the composition of the corner port- 
folios. A formula which gives quite an accurate estimate of the time required 
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to perform an analysis on an IBM 709 computer was obtained by analyzing a 
series of runs during which the time required to complete each major segment 
of the program was recorded. The approximate time required for the analysis 
will be:8 

Number of seconds = .6 
+ .114 X number of securities analyzed 
+ .54 X number of corner portfolios 
+ .0024 X number of securities analyzed X number of 

corner portfolios. 
Unfortunately only the number of securities analyzed is known before the 

analysis is begun. In order to estimate the cost of portfolio analysis before it is 
performed, some relationship between the number of corner portfolios and the 
number of securities analyzed must be assumed. Since no theoretical relationship 
can be derived and since the total number of corner portfolios could be several 
times the number of securities analysed, it seemed desirable to obtain some crude 
notion of the typical relationship when "reasonable" inputs are used. To ac- 
complish this, a series of portfolio analyses was performed using inputs generated 
by a Monte Carlo model. 

Data were gathered on the annual returns during the period 1940-1951 for 
96 industrial common stocks chosen randomly from the New York Stock Ex- 
change. The returns of each security were then related to the level of a stock 
market index and estimates of the parameters of the diagonal model obtained. 
These parameters were assumed to be samples from a population of Ai, Bi and 
Qi triplets related as follows: 

Ai = A +ri 

Bi = B + iPAi + r2 

Qi = Q + OAi + yBi + r3 

where r1, r2 and r3 are random variables with zero means. Estimates for the 
parameters of these three equations were obtained by regression analysis and 
estimates of the variances of the random variables determined.9 With this in- 
formation the characteristics of any desired number of securities could be 
generated. A random number generator was used to select a value for Ai; this 
value, together with an additional random number determined the value of 
Bi ; the value of Qi was then determined with a third random number and the 
previously obtained values of Ai and Bi. 

Figure 4 shows the relationship between the number of securities analyzed 

8 The computations in this section are based on the assumption that no corner port- 
folios prior to the lending portfolio are printed. If the analyst chooses to print all preceding 
portfolios, the estimates given in this section should be multiplied by 2.9; intermediate 
cases can be estimated by interpolation. 

9 The random variables were considered normally distributed; in one case, to better ap- 
proximate the data, two variances were used for the distribution-one for the portion above 
the mean and another for the portion below the mean. 
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and the number of corner portfolios with interest rates greater than 3% (an 
approximation to the "lending rate"). Rather than perform a sophisticated 
analysis of these data, several lines have been used to bracket the results in 
various ways. These will be used subsequently as extreme cases, on the presump- 
ton that most practical cases will lie within these extremes (but with no pre- 

sumption that these limits will never be exceeded) . C:urve A indicates the average 
relationship between the number of portfolios and the number of securities: 
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average (Np/Ns) = .37. Curve H1 indicates the highest such relationship: maxi- 
mum (Np/Ns) = .63; the line L1 indicates the lowest: minimum (Np/Ns) = .24. 
The other two curves, H2 and L2, indicate respectively the maximum deviation 
above (155) and below (173) the number of corner portfolios indicated by the 
average relationship Np = .37 Ns. 

In Figure 5 the total time required for a portfolio analysis is related to the 
number of securities analyzed under various assumptions about the relationship 

$ Minutes 
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1 H2 
/ ~~~A 

/ ~~~~L2 

300 60 ~ 
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FIGURE 5 
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between the number of corner portfolios and the number of securities analyzed. 
Each of the curves shown in Figure 5 is based on the corresponding curve in 
Figure 4; for example, curve A in Figure 5 indicates the relationship between 
total time and number of securities analyzed on the assumption that the relation- 
ship between the number of corner portfolios and the number of securities is that 
shown by curve A in Figure 4. For convenience a second scale has been provided 
in Figure 5, showing the total cost of the analysis on the assumption that an 
IBM 709 computer can be obtained at a cost of $300 per hour. 

8. The Value of Portfolio Analysis Based on the Diagonal Model 

The assumptions of the diagonal model lie near one end of the spectrum of 
possible assumptions about the relationships among securities. The model's 
extreme simplicity enables the investigator to perform a portfolio analysis at a 
very small cost, as we have shown. However, it is entirely possible that this sim- 
plicity so restricts the security analyst in making his predictions that the value of 
the resulting portfolio analysis is also very small. 

In order to estimate the ability of the diagonal model to summarize informa- 
tion concerning the performance of securities a simple test was performed. 
Twenty securities were chosen randomly from the New York Stock Exchange 
and their performance during the period 1940-1951 used to obtain two sets of 
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inves ted 
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75 
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FIG. 6a. Composition of efficient portfolios derived from the analysis of the parameters 
of the diagonal model. 
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1co 

~~~~~~, \ 

FIG. 6b. Composition of efficient portfolios derived from the analysis of historical data 

data: (1) the actual mean returns, variances of returns and covariances of returns 
during the period and (2) the parameters of the diagonal model, estimated by 
regression techniques from the performance of the securities during the period. 
A portfolio analysis was then performed on each set of data. The results are 
summarized in Figures 6a and 6b. Each security which entered any of the efficient 
portfolios in significant amounts is represented by a particular type of line; the 
height of each line above any given value of E indicates the percentage of the 
efficient portfolio with that particular E composed of the security in question. 
The two figures thus indicate the compositions of all the efficient portfolios 
chosen from the analysis of the historical data (Figure 6b) and the compositions 
of all the portfolios chosen from the analysis of the parameters of the diagonal 
model (Figure 6a). The similarity of the two figures indicates that the 62 param- 
eters of the diagonal model were able to capture a great deal of the information 
contained in the complete set of 230 historical relationships. An additional test, 
using a second set of 20 securities, gave similar results. 

These results are, of course, far too fragmentary to be considered conclusive 
but they do suggest that the diagonal model may be able to represent the relation- 
ships among securities rather well and thus that the value of portfolio analyses 
based on the model will exceed their rather nominal cost. For these reasons it 
appears to be an excellent choice for the initial practical applications of the 
Markowitz technique. 
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coefficients to demand these premiums.30 In the years since, there have been many 
attempts to provide explanations for this puzzle: 

1. Statistical artifact: The historical risk premium obtained by looking at U.S. data is 
biased upwards because of a survivor bias (induced by picking one of the most 
successful equity markets of the twentieth century). The true premium, it is 
argued, is much lower. This view is backed up by a study of large equity markets 
over the twentieth century, which concluded that the historical risk premium is 
closer to 4% than the 6% cited by Mehra and Prescott.31 However, even the lower 
risk premium would still be too high, if we assumed reasonable risk aversion 
coefficients. 

2. Disaster Insurance: A variation on the statistical artifact theme, albeit with a 
theoretical twist, is that the observed volatility in an equity market does not fully 
capture the potential volatility, which could include rare but disastrous events that 
reduce consumption and wealth substantially. Reitz, referenced earlier, argues that 
investments that have dividends that are proportional to consumption (as stocks 
do) should earn much higher returns than riskless investments to compensate for 
the possibility of a disastrous drop in consumption. Prescott and Mehra (1988) 
counter than the required drops in consumption would have to be of such a large 
magnitude to explain observed premiums that this solution is not viable. 32 
Berkman, Jacobsen and Lee (2011) use data from 447 international political crises 
between 1918 and 2006 to create a crisis index and note that increases in the 
index increase equity risk premiums, with disproportionately large impacts on the 
industries most exposed to the crisis.33  

3. Taxes: One possible explanation for the high equity returns in the period after the 
Second World War is the declining marginal tax rate during that period. 
McGrattan and Prescott (2001), for instance, provide a hypothetical illustration 
where a drop in the tax rate on dividends from 50% to 0% over 40 years would 
cause equity prices to rise about 1.8% more than the growth rate in GDP; adding 
the dividend yield to this expected price appreciation generates returns similar to 

                                                
30 Mehra, Rajnish, and Edward C.Prescott, 1985, The Equity Premium: A Puzzle, Journal of Monetary 
Economics, v15, 145–61. Using a constant relative risk aversion utility function and plausible risk aversion 
coefficients, they demonstrate the equity risk premiums should be much lower (less than 1%). 
31 Dimson, E., P. March and M. Staunton, 2002, Triumph of the Optimists, Princeton University Press. 
32 Mehra, R. and E.C. Prescott, 1988, The Equity Risk Premium: A Solution? Journal of Monetary 
Economics, v22, 133-136. 
33 Berkman, H., B. Jacobsen and J. Lee, 2011, Time-varying Disaster Risk and Stock Returns, Journal of 
Financial Economics, v101, 313-332 
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Introduction 
 

We analyze the results of the most recent survey of Chief Financial Officers (CFOs) conducted by 

Duke  University  and  CFO  Magazine.  The  survey  closed  on  June  2,  2016  and  measures 

expectations beginning  in the second quarter of 2016.  In particular, we poll CFOs about their 

long‐term expected return on the S&P 500. Given the current U.S. 10‐year Treasury bond yield, 

we provide estimates of the equity risk premium and show how the premium changes through 

time. We also provide information on the disagreement over the risk premium as well as average 

confidence intervals. Finally, we link the equity risk premium to measures used to evaluate firm’s 

investments: the weighted average cost of capital (WACC) and the investment hurdle rate. 

 

1. Method 

2.1 Design 

The quarterly survey of CFOs was  initiated  in  the  third quarter of 1996.1 Every quarter, Duke 

University polls financial officers with a short survey on  important topical  issues (Graham and 

Harvey, 2009). The usual response rate for the quarterly survey is 5%‐8%. Starting in June of 2000, 

a question on expected stock market returns was added to the survey. Fig. 1 summarizes the 

results from the risk premium question.  While the survey asks for both the one‐year and ten‐

year expected  returns, we  focus on  the  ten‐year expected  returns herein, as a proxy  for  the 

market risk premium. 

The  executives  have  the  job  title  of  CFO,  Chief  Accounting  Officer,  Treasurer,  Assistant 

Treasurer, Controller, Assistant Controller, or Vice President (VP), Senior VP or Executive VP of 

Finance. Given that the majority of survey respondents hold the CFO title, for simplicity we refer 

to the entire group as CFOs. 

                                                           
1 The surveys from 1996Q3‐2004Q2 were partnered with a national organization of financial executives. The 2004Q3 
and 2004Q4 surveys were solely Duke University surveys, which used Duke mailing lists (previous survey respondents 
who  volunteered  their  email  addresses)  and  purchased  email  lists.  The  surveys  from  2005Q1  to  present  are 
partnered with CFO magazine. The sample includes both the Duke mailing lists and the CFO subscribers that meet 
the criteria for policy‐making positions. 
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2.2 Delivery and response 

In the early years of the survey, the surveys were faxed to executives. The delivery mechanism 

was changed to the Internet starting with the December 4, 2001 survey. Respondents are given 

four business days to fill out the survey, and then a reminder is sent allowing another four days. 

Usually, two‐thirds of the surveys are returned within two business days. 

The response rate of 5‐8% could potentially lead to a non‐response bias. There are six reasons 

why we are not overly concerned with the response rate. First, we do not manage our email list. 

If we deleted the email addresses that had not responded to the survey in the past 12 quarters, 

our response rate would be in the 15‐20% range – which is a good response rate. Second, Graham 

and Harvey (2001) conduct a standard test for non‐response biases (which involves comparing 

the  results of  those  that  fill out  the  survey early  to  the ones  that  fill  it out  late) and  find no 

evidence of bias. Third, Brav, Graham, Harvey and Michaely (2005) conduct a captured sample 

survey at a national conference in addition to an Internet survey.  The captured survey responses 

(to which over two‐thirds participated) are qualitatively identical to those for the Internet survey 

(to which 8% responded),  indicating  that non‐response bias does not significantly affect  their 

results. Fourth, Brav et al. contrast survey responses to archival data from Compustat and find 

archival evidence for the universe of Compustat firms that is consistent with the responses from 

the survey sample. Fifth, Campello, Graham, and Harvey (2011) show that the December 2008 

response sample is fairly representative of the firms included in the commonly used Compustat 

database. Sixth, Graham, Harvey, Popadak and Rajgopal  (2016) update the non‐response bias 

test in a survey of 1,900 CFOs and find no evidence of non‐response bias. 

 

2.3 Data integrity 

In each quarter, implement a series of rules to ensure the integrity of the data. We have, on 

average, 355 responses each quarter. However, in recent years the average number of responses 

has exceeded 400. There are a total of 23,086 survey observations. There are six key pieces of 

data: 1) the 10‐year forecast (LT); 2) lower 10% of 10‐year forecast (LLT); and 3) upper 10% of the 
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10‐year forecast (ULT). We collect the analogous information for the one‐year S&P 500 forecasts 

too (ST). This paper focuses on the 10‐year forecasts but the short‐term forecasts factor into our 

data filters. 

Our exclusion rules are the following: 

1. Delete all missing forecasts, LT, ST 
2. Delete all negative LT forecasts (not ST forecasts) 
3. Delete all observations that failed to use percentages (forecasts<1.0 for both ST and LT) 
4. Delete observations where they failed to annualize, i.e. delete if LT>30% (does not apply to ST) 
5. Delete is ST>100%. 
6. Delete if lower intervals inconsistent, i.e. LST>=ST or LLT>=LT. 
7. Delete if upper intervals inconsistent, i.e. UST<=ST or ULT<=LT. 
8. Delete if ST‐LST and UST‐ST both equal 1 (we call this a lazy answer) 
9. Delete if LT‐LLT and ULT‐LT both equal 1 (again, a lazy answer) 

 
 

2.4 The 2016 results 

The expected market return questions are a subset of a larger set of questions in the quarterly 

survey  of  CFOs.  The  survey  usually  contains  between  eight  and  ten  questions.  Some  of  the 

questions are repeated every quarter and some change through time depending on economic 

conditions.  The  historical  surveys  can  be  accessed  at  http://www.cfosurvey.org.  Appendix  1 

shows the risk premium question in the most recent survey. 

While  the  survey  is  anonymous,  we  collect  demographic  information  on  seven  firm 

characteristics, including industry, sales revenue, number of employees, headquarters location, 

ownership (public or private), and proportion of foreign sales.  

During the past 16 years, we have collected over 23,000 responses to the survey.  Panel A of 

Table 1 presents the date that the survey window opened, the number of responses for each 

survey,  the 10‐year Treasury bond  rate, as well as  the average and median expected excess 

returns. There is relatively little time variation in the risk premium. This is confirmed in Fig. 1a, 

which displays the historical risk premiums contained in Table 1. The current premium, 4.02%, is 

close to the historical average. The June 2016 survey shows that the expected annual S&P 500 
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return  is 5.83% (=4.02%+1.81%) which  is below the overall average of 7.19%. The total return 

forecasts are presented in Fig. 1b.2  

Panel B of Table 1 presents some summary statistics that pool all responses through the 16 

year history of  the  survey. The overall average  ten‐year  risk premium  return  is 3.58%.3   The 

standard deviation of the individual responses is 2.91% (see Panel B). The standard deviation of 

the quarterly risk premium estimates is 0.58% (not reported in the Table). 

 

                                                           
2 See, for example, Ghysels (1998), Welch  (2000, 2001, 2009), Ghysels (1998), Fraser  (2001), Harris and Marston 
(2001), Pástor and Stambaugh (2001), Fama and French (2002), Goyal and Welch (2003), Graham and Harvey (2003), 
Ang and Bekaert (2005), Fernandez (2004, 2006, 2009) for studies of the risk premium. 
3 Using the Ibbotson Associates data from January 1926 through July 2010, the arithmetic (geometric) average return 
on the S&P 500 over and above the 30‐day U.S. Treasury bill is 7.75% (5.80%). Using data from April 1953‐July 2010, 
the arithmetic (geometric) risk premium is 6.27% (5.12%). The risk premium over the 10 year bond should be reduced 
by 212 basis points for the arithmetic premium and 174 basis points for the geometric premium.  Fama and French 
(2002) study the risk premium on the S&P 500 from 1872‐2000 using fundamental data. They argue that the ex ante 
risk premia is between 2.55% and 4.32% for 1951‐2000 period. Ibbotson and Chen (2001) estimate a long‐term risk 
premium between 4 and 6%. Also  see Siegel  (1999), Asness  (2000), Heaton and  Lucas  (2000) and  Jagannathan, 
McGratten and Scherbina (2001). A recent treatment is Sharpe and Suarez (2013).  
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The cross‐sectional standard deviation across the individual CFO forecasts in a quarter is a 

measure of the disagreement or dispersion of the participants in each survey. Dispersion sharply 

increased  during  the  global  financial  crisis.  The  average  disagreement  in  2005  was  2.39%. 

Disagreement increased in 2006 to 2.64%. As the crisis began in 2007, disagreement increased 

to 2.98 by March 2008. The peak disagreement was recorded in February 2009 (4.13%). The most 

recent observation is 3.24%.  

We also report information on the average of the CFOs’ assessments of the one in ten chance 

that the market will exceed or fall below a certain level. In the most recent survey, the worst case 

total return is +0.39% which is lower than the historic average of 1.52%. The best‐case return is 

9.71% which is also slightly lower than the average of 10.97%.  

With information on the 10% tails, we construct a probability distribution for each respondent. 

We  use  Davidson  and  Cooper’s  (1976)  method  to  recover  each  respondent’s  probability 

distribution: 

Variance = ([x(0.90)‐x(0.10)]/2.65)2 
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where x(0.90) and x(0.10) represent the 90th and 10th percentiles of the respondent’s distribution, 

ULT  and  LLT. Keefer  and Bodily  (1983)  show  that  this  simple  approximation  is  the preferred 

method  of  estimating  the  variance  of  a  probability  distribution  of  random  variables,  given 

information about  the 10th and 90th percentiles. Like disagreement,  the average of  individual 

volatilities peaked in February 2009 at 4.29%. The current level, 3.52%, is very close to the overall 

average.  

There is also a natural measure of asymmetry in each respondent’s response. We look at the 

difference between each  individual’s 90% tail and the mean forecast and the mean minus the 

10% tail. Hence, if the respondent's forecast of the excess return is 6% and the tails are ‐8% and 

+11%, then the distribution is negatively skewed with a value of ‐9% (=5%‐14%). As with the usual 

measure of  skewness, we  cube  this quantity and  standardize by dividing by  the  cube of  the 

individual standard deviation. In every quarter’s survey, there is on average negative skewness 

in the individual forecasts. The average asymmetry ‐0.63 which is slightly lower than the average 

of ‐0.47. 
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Table 1

Summary statistics based on the responses from the 
65 CFO Outlook Surveys from June 2000 to June 2016 (Maximums in red, minimums in green)

A. By quarter

# Survey date
Survey 
quarter

Number of 
survey 

responses
10-year 

bond yield

Total 
market 
return 

forecast

Average 
risk 

premium

Median 
risk 

premium

Disagreement 
(standard 
deviation of 
risk premium 
estimates)

Average of 
individual 
standard 
deviations

Average of 
individuals' 
worst 10% 
market return 
scenario

Average of 
individuals' 
best 10% 
market return 
scenario

Skewness 
of risk 

premium 
estimates

Average of 
individuals' 
asymmetry

% who 
forecast 
negative 
excess 
return

1 6/6/2000 2000Q2 209 6.14 10.45 4.31 3.86 3.22 0.95 9.09
2 9/7/2000 2000Q3 188 5.76 10.40 4.64 4.24 3.03 0.83 4.79
3 12/4/2000 2000Q4 243 5.53 9.72 4.19 4.47 2.52 0.53 4.12
4 3/12/2001 2001Q1 140 4.92 9.47 4.55 4.58 2.91 0.78 3.57
5 6/7/2001 2001Q2 208 5.33 9.21 3.88 3.67 2.64 0.58 5.77
6 9/10/2001 2001Q3 199 4.84 8.67 3.83 3.16 2.53 0.13 3.52
7 12/4/2001 2001Q4 279 4.70 8.68 3.98 3.30 2.43 0.61 2.15
8 3/11/2002 2002Q1 233 5.33 8.29 2.96 2.67 2.43 3.28 3.68 12.42 1.06 -0.28 11.16
9 6/4/2002 2002Q2 316 5.04 8.20 3.16 2.96 2.61 3.50 3.00 12.28 1.86 -0.39 10.44

10 9/16/2002 2002Q3 361 3.90 7.89 3.99 4.10 2.31 3.39 3.05 12.03 0.86 -0.25 2.77
11 12/2/2002 2002Q4 285 4.22 7.91 3.69 3.78 2.56 3.23 3.32 11.87 1.24 -0.28 4.91
12 3/19/2003 2003Q1 184 3.98 7.40 3.42 3.02 2.37 3.59 1.95 11.47 0.83 -0.62 4.35
13 6/16/2003 2003Q2 366 3.18 7.50 4.32 4.82 2.34 3.74 2.16 12.07 0.90 -0.33 3.28
14 9/18/2003 2003Q3 167 4.19 7.58 3.39 3.81 2.07 2.83 3.31 10.83 0.35 -0.43 6.59
15 12/10/2003 2003Q4 220 4.30 8.29 3.98 3.70 2.66 3.29 3.40 12.10 1.74 -0.45 2.27
16 3/24/2004 2004Q1 206 3.73 7.83 4.10 4.27 2.37 3.46 2.85 12.02 0.50 -0.29 3.88
17 6/16/2004 2004Q2 177 4.74 7.90 3.16 3.26 2.61 3.10 3.14 11.34 2.14 -0.40 6.21
18 9/10/2004 2004Q3 179 4.19 7.62 3.43 3.31 2.92 3.27 2.61 11.29 2.02 -0.52 8.94
19 12/3/2004 2004Q4 287 4.27 7.57 3.30 3.23 2.66 3.05 3.10 11.17 1.89 -0.37 5.92
20 2/28/2005 2005Q1 272 4.36 7.46 3.10 3.39 2.52 3.06 3.13 11.23 1.29 -0.33 6.62
21 5/31/2005 2005Q2 316 4.00 7.06 3.06 3.00 2.22 3.22 2.39 10.93 0.46 -0.26 6.65
22 8/29/2005 2005Q3 321 4.20 7.28 3.08 2.80 2.61 3.36 2.15 11.06 2.42 -0.52 7.48
23 11/21/2005 2005Q4 338 4.46 6.91 2.45 2.54 2.20 3.48 2.23 11.44 0.41 -0.23 9.76
24 3/6/2006 2006Q1 276 4.74 7.17 2.43 2.26 2.40 3.44 2.07 11.18 1.02 -0.37 8.70
25 6/1/2006 2006Q2 494 5.11 7.72 2.61 2.89 2.74 3.29 3.00 11.70 1.84 -0.24 18.02
26 9/11/2006 2006Q3 460 4.80 7.30 2.50 2.20 2.49 3.32 2.53 11.33 1.32 -0.33 7.83
27 11/21/2006 2006Q4 386 4.58 7.82 3.24 3.42 2.93 3.36 2.94 11.82 1.91 -0.30 6.99
28 3/1/2007 2007Q1 380 4.56 7.72 3.16 3.44 2.39 3.38 2.73 11.67 1.80 -0.39 5.53
29 6/1/2007 2007Q2 419 4.95 7.83 2.88 3.05 2.14 3.21 3.08 11.58 0.56 -0.37 3.58
30 9/7/2007 2007Q3 479 4.38 7.84 3.46 3.62 2.82 3.12 3.33 11.59 1.80 -0.34 5.22
31 11/30/2007 2007Q4 458 3.97 7.85 3.88 4.03 2.75 3.31 2.93 11.70 1.38 -0.32 3.28
32 3/7/2008 2008Q1 381 3.56 7.61 4.05 4.44 2.99 3.21 3.08 11.58 2.23 -0.30 3.94
33 6/13/2008 2008Q2 384 4.27 7.23 2.96 2.73 2.60 3.32 2.44 11.24 1.50 -0.41 9.38
34 9/5/2008 2008Q3 432 3.66 7.29 3.63 3.34 2.79 3.31 2.30 11.06 1.71 -0.42 4.63
35 11/28/2008 2008Q4 534 2.93 7.35 4.42 4.07 3.19 3.73 1.77 11.64 1.94 -0.37 2.81
36 2/26/2009 2009Q1 443 2.98 7.54 4.56 4.02 4.13 4.29 1.18 12.54 1.80 -0.47 5.87
37 5/29/2009 2009Q2 427 3.47 6.96 3.49 3.53 3.12 3.73 1.37 11.26 1.79 -0.42 6.56
38 9/11/2009 2009Q3 536 3.34 6.50 3.16 2.66 2.88 3.87 0.62 10.86 1.82 -0.46 10.82
39 12/11/2009 2009Q4 457 3.55 6.71 3.16 2.45 3.56 3.86 0.64 10.88 2.38 -0.52 9.85
40 2/26/2010 2010Q1 478 3.61 6.56 2.95 2.39 3.28 3.96 0.39 10.86 2.31 -0.68 9.41
41 6/4/2010 2010Q2 444 3.20 6.33 3.13 2.80 3.08 3.90 0.33 10.64 2.61 -0.64 9.91
42 9/10/2010 2010Q3 451 2.81 5.59 2.78 2.19 2.53 4.21 -1.16 9.99 0.77 -0.67 8.65
43 12/10/2010 2010Q4 402 3.32 6.17 2.85 2.68 2.62 3.91 0.26 10.63 1.89 -0.55 10.70
44 3/4/2011 2011Q1 429 3.49 6.45 2.96 2.51 2.92 4.16 -0.27 10.76 2.44 -0.70 8.16
45 6/3/2011 2011Q2 406 2.99 6.18 3.19 3.01 2.90 3.90 0.12 10.45 2.09 -0.68 5.17
46 9/9/2011 2011Q3 397 1.93 5.86 3.93 3.07 3.11 3.79 0.04 10.09 2.41 -0.54 2.02
47 12/16/2011 2011Q4 439 1.86 5.89 4.03 3.14 2.98 4.07 -0.11 10.68 1.91 -0.36 3.42
48 3/1/2012 2012Q1 406 2.03 6.48 4.45 3.97 2.97 4.07 0.30 11.08 2.25 -0.59 2.71
49 5/30/2012 2012Q2 338 1.63 6.06 4.43 4.37 2.96 3.94 0.00 10.42 1.96 -0.59 2.37
50 9/7/2012 2012Q3 675 1.67 5.66 3.99 3.33 3.00 3.66 -0.01 9.67 2.04 -0.58 2.37
51 12/6/2012 2012Q4 325 1.59 5.46 3.87 3.41 2.59 3.69 -0.49 9.25 1.42 -0.62 3.08
52 3/8/2013 2013Q1 418 2.06 5.97 3.91 3.94 2.73 3.84 -0.14 10.02 2.01 -0.64 4.55
53 5/31/2013 2013Q2 300 2.16 6.43 4.27 3.84 2.91 4.02 0.10 10.76 1.63 -0.67 2.67
54 9/5/2013 2013Q3 404 2.98 6.09 3.11 3.02 2.73 3.41 0.75 9.77 1.71 -0.53 6.68
55 12/5/2013 2013Q4 320 2.88 6.13 3.25 3.12 2.95 3.81 0.18 10.26 1.69 -0.50 7.19
56 3/4/2014 2014Q1 291 2.70 6.43 3.73 3.30 2.63 3.32 1.35 10.13 0.64 -0.69 5.15
57 6/5/2014 2014Q2 325 2.59 6.41 3.82 3.41 3.23 3.76 0.50 10.46 1.89 -0.64 7.08
58 9/4/2014 2014Q3 316 2.45 6.52 4.07 3.55 3.33 3.69 0.90 10.68 2.56 -0.60 3.16
59 12/4/2014 2014Q4 398 2.25 6.46 4.21 4.50 2.51 3.79 0.46 10.51 1.22 -0.59 2.26
60 3/3/2015 2015Q1 414 2.12 6.63 4.51 3.88 3.50 3.72 0.81 10.68 1.92 -0.55 5.80
61 6/4/2015 2015Q2 399 2.31 6.45 4.14 3.69 3.03 3.96 0.20 10.68 1.93 -0.72 4.26
62 9/3/2015 2015Q3 376 2.18 5.96 3.78 2.82 3.17 3.48 0.28 9.49 2.72 -0.72 3.99
63 12/3/2015 2015Q4 347 2.33 6.11 3.78 2.67 3.58 3.55 0.54 9.94 1.92 -0.52 9.22
64 3/3/2016 2016Q1 476 1.83 5.51 3.68 3.17 2.55 3.12 1.04 9.29 0.99 -0.34 3.15
65 6/2/2016 2016Q2 472 1.81 5.83 4.02 3.19 3.24 3.52 0.39 9.71 2.14 -0.63 2.54

Average of quarters 355 3.58 7.19 3.61 3.37 2.80 3.57 1.52 10.97 1.54 -0.47 5.89
Standard deviation 1.18 1.13 0.58 0.63 0.38 0.34 1.33 0.80 0.66 0.15 3.05

B. By individual responses
Survey for
All dates 23,086 3.41 6.99 3.58 3.30 2.91 3.60 1.37 10.91 1.64 -0.48 5.95
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2.5 Risk premia, weighted average cost of capital and hurdle rates  

The risk premia that we measure can be used in the calculation of the cost of capital. In a simple 

capital asset pricing model, the cost of equity capital would be the product of the company’s beta 

times the risk premium along with the risk free rate. The average firm’s cost of equity capital 

would be 6.63% (assuming a beta=1). Assuming the Baa bond yield is the borrowing rate and a 

25% marginal tax rate, the weighted average cost of capital would be about 5.67%.  

In previous  surveys, we have asked CFOs about  their weighted average cost of capital. For 

example, in March of 2011, companies told us that their internally calculated weighted average 

cost of capital was 10% (averaged across respondents). At the time, the cost of equity capital was 

similar to today, 6.45%. The bond yields were higher, with the Baa yielding 6.09%. The average 

firm (assuming average beta is 1.0) without any debt would have a WACC of 6.45%. When debt 

is introduced, the WACC would be less than 6.45% ‐‐ which is sharply lower than the reported 

10%. 

Why is there such a divergence? One possible reason is that companies consider other factors 

in  calculating  the  WACC  –  perhaps  a  multifactor  model.4  However,  there  is  no  evidence 

supporting  this hypothesis.  For  example,  consultants often  add  a premium  for  smaller  firms 

based on  the results  in many research papers of a size premium. However,  in our survey  the 

average WACC for firms with  less than $25 million  in revenue  is 10.6% and the WACC for the 

largest firms with annual revenue greater than $10 billion is 10.5%. 

This analysis was replicated in June of 2012 with similar results. Given the same assumptions, 

the WACC  is  5.37%.  However,  the  average  self‐reported WACC  is  9.3%.  Again,  there  is  no 

evidence of a size premium. The smallest firms reported a WACC of 9.3% and the largest firms 

9.7%. 

The WACC should not be confused with the investment hurdle rate. The WACC is an analytical 

calculation that combines a model‐based cost of equity (such as the CAPM) and the after‐tax cost 

of debt  (reflected  in current borrowing rates). Given capital constraints,  firms often  impose a 

higher hurdle rate on their investments. For example, to allocate capital to an investment that 

                                                           
4 Graham and Harvey (2001) find that most companies use a 1‐factor model for cost of capital calculations.  
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promises a projected  return exactly at  the  firm’s WACC  is equivalent  to accepting a zero net 

present value project.  

The June 2012 survey also asked for the investment hurdle rates. They are much higher than 

the WACCs. The average rate was 13.5% (compared to the survey‐reported WACC of 9.3% and 

the  implied WACC  from  the survey based risk premium of 5.7%. Similar  to  the WACC results, 

there is no evidence that the hurdle rates are higher for small firms. Our evidence shows that the 

reported average hurdle rate for the smallest firms is 13.1% and for the largest firms the rate is 

14.2%. 

Even though we know from Graham and Harvey (2001) that three quarters of companies use 

the capital asset pricing model, there is a large gap between an imputed WACC and the WACC 

that people use.   One way to reconcile this  is that companies use very  long term averages of 

equity and bond premia in their calculations. For example, suppose the cost of capital is being 

calculated with averages  from 1926.  Ibbotson  (2013)  reports an arithmetic average  return of 

11.8% over  the 1926‐2012 period. The average return on corporate bonds  is 6.4%. Using  the 

same parameters, we get an imputed WACC of 9.7%. This is very close to the average reported 

WACC and, indeed, identical to the WACC reported by the largest firms in our survey. 

We  learn the following: 1) the equity risk premium  is much lower today than averages used 

over long‐periods (e.g. from 1926) such as reported in Morningstar (2013) and Duff and Phelps 

(2015);  2)  the  survey  questions  asking  directly  about  a  company’s WACC  is  consistent with 

companies routinely using long‐horizon averages for inputs; and 3) WACCs should be thought as 

lower bounds – the Hurdle Rates used for actual investment decisions are 400bp higher than the 

stated WACCs.5 

 

2.6 Recessions, the financial crisis and risk premia 

Our survey spans two recessions: March 2001‐September 2001 as well as the recession that 

begins in December 2007 and ends in June 2009.  Financial theory would suggest that risk premia 

should vary with the business cycle. Premiums should be highest during recessions and lowest 

                                                           
5 Also see Sharpe and Suarez (2013) and Jagannathan et al. (2016) who analyze our CFO survey data. 
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during recoveries. Previous research has used a variety of methods including looking at ex post 

realized returns to investigate whether there is business‐cycle like variation in risk premia.  

While we only have 60 observations and this limits our statistical analysis, we do see important 

differences.  During  recessions,  the  risk  premium  is  3.92%  and  during  non‐recessions,  the 

premium falls to 3.46%.   

 

2.7 Explaining variation in the risk premium 

While  we  document  the  level  and  a  limited  time‐series  of  the  long‐run  risk  premium, 

statistical inference is complicated by the fact that the forecasting horizons are overlapping. First, 

we have no way of measuring the accuracy of the risk premiums as forecasts of equity returns.  

Second, any  inference based on  regression analysis  is  confounded by  the  fact  that  from one 

quarter to the next, there are 36 common quarters being forecasted. This naturally  induces a 

moving‐average process. 

We do, however, try to characterize the time‐variation in the risk premium without formal 

statistical tests.  Figure 2 examines the relation between the mean premium and previous one‐

year returns on the S&P 500. 

Figure 2           

The ten-year equity risk premium and past 1-year returns on the S&P 500 index  
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The evidence suggests that there is a weak negative correlation between past returns and the 

level of  the  long‐run  risk premium.   This makes economic  sense. When prices are  low  (after 

negative returns), expected return increase. 

An alternative to using past‐returns is to examine a measure of valuation. Figure 3 examines 

a scatter of the mean premium versus the forward price‐to‐earnings ratio of the S&P 500. 

Figure 3          

The equity risk premium and the S&P 500 forward price-to-earnings ratio  
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correlation between expected real rates of return stocks and bonds. Figure 4 examines the 10‐

year on the run yield on the Treasury Inflation Indexed Notes. 

 
Figure 4           

The equity risk premium and the real yield on Treasury Inflation Indexed Notes  
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pricing theory suggests that there is a positive relation between risk and expected return. While 

our volatility proxy doesn’t match the horizon of the risk premium, the evidence, nevertheless, 

is suggestive of a positive relation. Figure 5 also highlights a strong recent divergence between 

the risk premium and the VIX. 

Figure 5           

The equity risk premium and the implied volatility on the S&P 500 index option (VIX) 
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Figure 6           

The equity risk premium and credit spreads      
 

 
 

          
           
           
           
           
           
           
           
           
           
           
           
           
           
           
           
           
           
           
           
           
           
           
2.8 Other survey questions  

The  June  2016  survey  contains  a  number  of  other  questions.  http://www.cfosurvey.org 

presents  the  full  results  of  these  questions.  The  site  also  presents  results  conditional  on 

demographic  firm  characteristics.  For  example,  one  can  examine  the  CFOs  views  of  the  risk 

premium conditional on the industry in which the CFO works. 
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Ben‐David et al. find that the tightness of the confidence intervals is correlated with corporate 

investment. Overconfident managers invest more. 

Campello, Graham and Harvey (2010) use the survey during the financial crisis and the higher 

risk premiums to examine the  implications of financial constraints on the real activities of the 

firm.  They  provide  new  evidence  on  the  negative  impact  of  financial  constraints  on  firms’ 

investment plans. 

Campello, Giambona, Graham and Harvey (2011) use the survey during the financial crisis to 

study how firms managed liquidity during the financial crisis. 

Graham, Harvey and Puri (2013) administer a psychometric test using the survey instrument 

and link CEO optimism and risk aversion to corporate financial policies. 

Graham, Harvey and Puri (2015) use survey data to study how capital is allocated within the 

firm and the degree to which CEOs delegate decision making to CFOs. 

Graham, Harvey  and  Rajgopal  (2005)  use  survey  data  to  study  how managers manipulate 

earnings.  Dichev, Graham, Harvey, and Rajgopal (2013) study earnings quality. 

Graham, Harvey, Popadak and Rajgopal (2016) use a similar survey sample to study corporate 

culture. 

 

2.10 CFO Survey compared to other surveys 

Table 2 compares the predictive ability of the Duke‐CFO survey with other popular surveys. 

The  table  reports  the  correlations  between  the  current  quarter  Duke‐CFO  survey  of  either 

optimism  about  the  economy  or  optimism  about  the  firm’s  prospects with  the  subsequent 

quarter’s  realization  for  five  surveys:  UBS‐Gallup,  CEO  Survey,  Conference  Board  Consumer 

Confidence, University of Michigan Consumer Confidence and ISM Purchasing Manager’s Index. 

Both  of  the  Duke‐CFO  optimism  measures  significantly  predict  all  five  of  these  popular 

barometers of economic confidence.   Related analysis shows  that our CFO survey anticipates 

economic activity sooner (usually one quarter sooner) than do the other surveys. 
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3. Conclusions 

We provide a direct measure of ten‐year market returns based on a multi‐year survey of Chief 

Financial Officers.  Importantly, we have a ‘measure’ of expectations. We do not claim it is the 

true market expectation. Nevertheless, the CFO measure has not been studied before. 

While  there  is  relatively  little  time‐variation  in  the  risk premium, premia are higher during 

recessions  and  higher  during  periods  of  uncertainty. We  also  link  our  analysis  to  the  actual 

investment decisions of financial managers. We are able to impute the weighted average cost of 

capital given the CFO estimates of equity risk premia, current corporate bond yields and marginal 

tax rates. This  imputed measure  is significantly  less than the WACCs that CFOs report using  in 

project evaluation. One way to reconcile this is that CFOs use very long‐term averages of equity 

premia and bond rates when calculating WACCs. We provide evidence on the actual hurdle rates 

used by companies. These hurdle rates are, on average, 400bp higher than the reported WACCs. 

 While we have over 23,000 survey responses in 16 years, much of our analysis uses summary 

statistics for each survey. As such, with only 65 unique quarters of predictions and a variable of 

interest that has a 10‐year horizon, it is impossible to evaluate the accuracy of the market excess 

return  forecasts.   For example,  the  June 4, 2007 10‐year annual  forecast was 7.83% and  the 

realized annual S&P 500 return through  June 2, 2016  is 3.2%. Our analysis shows some weak 

correlation between past returns, real interest rates and the risk premium. In contrast, there is 

significant evidence on the relation between two common measures of economic risk and the 

Table 2
The ability of the Duke CFO survey to predict other surveys

Survey
Optimism about 
economy

Optimism about 
firm's prospects

UBS-Gallup 0.289 0.380
CEO Survey 0.814 0.824
Conference Board Consumer Confidence 0.513 0.767
University of Michigan Consumer Confidence 0.341 0.253
ISM Purchasing Managers Index 0.694 0.497

Predictive correlations
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risk premium. We find that both the implied volatility on the S&P index as well as a commonly 

used measure of credit spreads are correlated with our measured equity risk premium. 
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Table 2. Market Risk Premium (%) used for 71 countries in 2016 

 
Average Median St Dev Max min Q1 Q3 N

1 USA 5,3% 5,0% 1,3% 20,0% 1,5% 4,5% 6,0% 2536
2 Spain 6,2% 6,0% 1,4% 12,0% 1,5% 5,0% 6,8% 817
3 Germany 5,3% 5,0% 1,7% 12,4% 1,2% 4,0% 6,0% 360
4 UK 5,3% 5,0% 1,4% 12,8% 1,5% 4,5% 6,0% 221
5 Italy 5,6% 5,5% 1,5% 10,1% 2,0% 4,8% 6,0% 152
6 Canada 5,4% 5,2% 1,3% 10,5% 3,0% 4,6% 6,0% 127
7 Brazil 8,2% 7,0% 4,9% 30,0% 1,8% 5,5% 8,7% 107
8 France 5,8% 5,5% 1,6% 11,4% 2,0% 5,0% 6,7% 105
9 Mexico 7,4% 7,0% 2,3% 15,0% 3,0% 6,0% 9,0% 103

10 South Africa 6,3% 6,0% 1,5% 11,8% 3,0% 5,5% 7,0% 99
11 China 8,3% 7,0% 4,4% 30,0% 3,8% 6,0% 10,0% 96
12 Netherlands 5,1% 5,0% 1,2% 11,6% 2,5% 4,5% 5,9% 93
13 Switzerland 5,1% 5,0% 1,1% 9,6% 3,0% 4,5% 5,6% 88
14 Australia 6,0% 6,0% 1,6% 15,0% 3,0% 5,0% 6,2% 87
15 India 8,1% 8,0% 2,4% 16,0% 2,3% 6,6% 9,0% 82
16 Russia 7,9% 7,0% 3,5% 25,0% 2,7% 6,0% 9,0% 81
17 Chile 6,1% 6,0% 1,6% 15,0% 3,0% 5,5% 7,0% 72
18 Sweden 5,2% 5,0% 1,0% 9,0% 3,0% 4,5% 5,9% 72
19 Austria 5,4% 5,3% 1,4% 14,3% 2,5% 5,0% 6,0% 71
20 Belgium 5,6% 5,5% 1,1% 8,1% 3,6% 5,0% 6,4% 71
21 Norway 5,5% 5,0% 1,8% 14,0% 3,0% 4,5% 6,0% 70
22 Denmark 5,3% 5,0% 1,7% 14,0% 2,0% 4,4% 6,0% 63
23 Japan 5,4% 5,0% 2,3% 16,7% 2,0% 4,0% 6,8% 58
24 Argentina 11,8% 11,0% 4,4% 28,7% 5,0% 9,0% 14,0% 57
25 Colombia 8,1% 7,8% 3,9% 20,5% 2,0% 6,5% 9,0% 56
26 Portugal 7,9% 8,0% 2,1% 14,0% 4,0% 6,6% 9,0% 55
27 Finland 5,5% 5,0% 1,6% 12,0% 3,0% 4,7% 6,0% 51
28 Poland 6,2% 5,8% 1,5% 10,0% 4,4% 5,0% 7,6% 50
29 Peru 7,8% 7,5% 2,6% 15,0% 3,5% 6,3% 8,3% 44
30 New Zealand 5,8% 6,0% 1,4% 8,0% 2,0% 5,0% 7,0% 42
31 Greece 13,0% 12,4% 5,2% 23,0% 6,5% 8,5% 17,9% 41
32 Luxembourg 4,7% 5,0% 1,1% 7,0% 2,0% 4,0% 5,4% 38
33 Israel 5,9% 6,0% 2,2% 15,0% 2,5% 5,0% 7,0% 37
34 Turkey 8,1% 8,0% 3,4% 18,0% 2,5% 5,5% 10,5% 37
35 Czech Republic 6,3% 6,5% 1,0% 8,0% 4,3% 5,5% 7,3% 32
36 Egypt 13,8% 13,0% 6,2% 30,3% 3,5% 9,0% 16,4% 32
37 Indonesia 8,0% 8,0% 2,1% 14,5% 4,5% 6,1% 9,3% 29
38 Ireland 6,6% 5,8% 2,2% 12,3% 4,0% 5,0% 8,2% 28
39 Pakistan 9,8% 6,5% 5,4% 18,0% 2,5% 6,0% 16,0% 26
40 Taiwan 7,9% 7,2% 2,1% 15,0% 4,3% 7,0% 8,4% 26
41 Korea 6,7% 7,0% 1,8% 11,1% 2,0% 6,0% 7,3% 25
42 Singapore 5,9% 6,0% 1,3% 9,6% 3,9% 5,5% 6,3% 25
43 Liechtenstein 4,8% 5,0% 1,0% 7,3% 3,0% 4,4% 5,0% 24
44 Hong Kong 7,6% 6,9% 2,6% 12,0% 3,5% 5,5% 10,0% 21
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CAPITAL EQUIPMENT ANALYSIS: THE REQUIRED
RATE OF PROFIT

MYRON J. GORDON AND ELI SHAPIRO

School of Industrial Management, Massachusetts Institute of Technology

The interest in capital equipment analysis that has been evident in the busi-
ness literature of the past five years is the product of numerous social, economic,
and business developments of the postwar period. No conclusive listing of these
developments can be attempted here. However, four should be mentioned which
are of particular importance in this search for a more systematic method for
discovering, evaluating, and selecting investment opportunities. These are: (1)
the high level of capital outlays (in absolute terms); (2) the growth in the size
of business firms; (3) the delegation of responsibility for initiating recommenda-
tions from top management to the profit center, which has been part of the
general movement toward decentralization; and (4) the growing use of "scien-
tific management" in the operations of the business firm.

These developments have motivated the current attempt to develop objective
criteria whereby the executive committee in a decentralized firm can arrive at a
capital budget. Since each of its profit centers submits capital proposals, the
executive committee must screen these and establish an allocation and a level
of capital outlays that is consistent with top management's criteria for rationing
the firm's funds. Capital budgeting affords the promise that this screening process
can be made amenable to some established criteria that are understandable to
all the component parts of the firm. Consequently, capital budgeting appeals to
top management, for, in the first place, each plant manager can see his proposal
in the light of all competing proposals for the funds of the enterprise. This may
not completely eliminate irritation among the various parts of the firm, but a
rational capital budgeting program can go a long way toward maintaining initia-
tive on the part of a plant manager, even though the executive committee may
veto one or all of his proposals. In the second place, the use of a capital budget-
ing program serves to satisfy top management that each accepted proposal meets
adequate predetermined standards and that the budget as a whole is part of a
sound, long-run plan for the firm.

What specifically does a capital budgeting program entail? The focal points
of capital budgeting are: (1) ascertaining the profitabilities of the array of
capital outlay alternatives, and (2) determining the least profitability required
to make an investment, i.e., a cut-off point. Capital budgeting also involves ad-
ministrative procedures and organization designed to discover investment oppor-
tunities, process information, and carry out the budget; however, these latter
aspects of the subject have been discussed in detail by means of case studies that
have appeared in publications of the American Management Association and the
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National Industrial Conference Board and in periodicals such as the N.A.C.A.
BuUetin} Hence, we will not concern ourselves with them here.

There are at least four methods for establishing an order-preference array of
the capital expenditure suggestions. They are: (1) the still popular "payoff
period"; (2) the average investment formula; (3) the present value formula
with the rate of interest given; and (4) the present value formula used to find
the rate of profit. It is not our intention in this paper to discuss these various
methods specifically, since critical analyses of these alternatives are to be found
in papers by Dean, by Lorie and Savage, and by Gordon in a recent issue of the
Journal of Business^ which is devoted exclusively to the subject of capital
budgeting.

However, it is of interest to note that in each of these methods the future
revenue streams generated by the proposed outlays must be amenable to meas-
urement if the method is to be operational. However, improvements in quality,
more pleasant working conditions, strategic advantages of integration, and other
tĵ pes of benefits from a capital outlay are still recognized only in qualitative
terms, and there is a considerable hiatus in the literature of capital budgeting
with respect to the solution of this problem. Hence, in the absence of satisfactory
methods for quantifjdng these types of benefits, the evaluation of alternative
proposals is still characterized by intuitive judgments on the part of manage-
ment, and a general quantitative solution to the capital budgeting problem is not
now feasible. It appears to us that this problem affords one of the most promising
opportimities for the application of the methods of management science. In fact,
we anticipate that techniques for the quantification of the more important fac-
tors now treated qualitatively will soon be found.

Given the rate of profit on each capital outlay proposal, the size of the budget
and its allocation are automatically determined with the establishment of the
rate of profit required for the inclusion of a proposal in the budget. In the balance
of this paper, a method for detennining this quantity is proposed and its use
in capital budgeting is analyzed.

II

We state that the objective of a firm is the maximization of the value of the
stockholders' equity. While there may be legitimate differences of opinion as to
whether this is the sole motivation of management, we certainly feel that there
can be no quarrel with the statement that it is a dominant variable in manage-

' American Management Association, Tested Approaches to Capital Equipment Replace-
ment, Special Report No. 1, 1954; American Management Association, Capital Equipment
Replacement; AMA Special Conference, May 3-4, 1954 (New York, 1954, American Manage-
ment Association, 105 pp.); J. H. Watson, III , National Industrial Conference Board,
Controlling Capital Expenditures, Studies in Business Policy, No. 62, April, 1953; C. I.
Fellers, "Problems of Capital Expenditure Budgeting", N.A.C.A. Bulletin, 26 (May,
1955), 918-24; E. N. Martin, "Equipment Replacement Policy and Application", N.A.C.A.
Bulletin, 35 (February, 1954), 715-30.

* Journal of Business, Vol. XXVIII, No. 3 (October, 1955).
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ment's decisions. It has been shown by Lutz and Lutz in their Theory of the In-
vestment of the Firm* and by others* that this objective is realized in capital budg-
eting when the budget is set so as to equate the marginal return on investment
with the rate of return at which the corporation's stock is selling in the market.
The logic and operation of this criterion will be discussed later. Now, we only
wish to note the role assigned in capital budgeting to the rate of profit that is
required by the market.

At the present time, the dividend yield (the current dividend divided by the
price) and the earnings yield (the current income per share divided by the price)
are used to measure the rate of profit at which a share is selling. However, both
the8e yields fail to recognize that a share's payments can be expected to grow,
and the earnings yield fails to recognize that the corporation's earnings per share
are not the payments made to the stockholder.

The practical significance of these failures is evidenced by the qualifications
with which these two rate-of-profit measures are used by investment analysts.
In the comparative analysis of common stocks for the purpose of arriving at
buy or sell recommendations, the conclusions indicated by the dividend and/or
the earnings, yield are invariably qualified by the presence or absence of the
prospect of growth. If it is necessary to qualify a share's yield as a measure of
the rate of profit one might expect to earn by buying the share, then it mtist
follow that current jdeld, whether income or dividend, is inadequate for the pur-
poses of capital budgeting, which is also concerned with the future. In short,
it appears to us that the prospective growth in a share's revenue stream should
be reflected in a measure of the rate of profit at which the share is selling. Other-
wise, its usefuln^s as the required rate of profit in capital budgeting is ques-
tionable.

In his Theory of IrwestmerU Valve^, a classic on the subject, J. B. Williams
tackled this problem of growth. However, the models he developed were arbi-
trary and complicated so that the problem of growth remained among the phe-
nomena dealt with qualitatively. It is oui belief that the following proposal for
a definition of the rate of profit that takes cognizance of prospective growth
has merit.

The accepted definition of the rate of profit on an asset is the rate of discount
that equates the asset's expected future payments with its price. Let Po = a
share's price at i = 0, let Dt = the dividend expected at time t, and let k = the
rate of profit. Then, the rate of profit on a share of stock is the value of fc that
satisfies

(1) = V
f=i{i

• Priedrich and Vera Lutz, The Theory of Investment of the Firm (Princeton, N. J., 1951,
Princeton University Press, 253 pp.), 41-43.

• ^oel Dean, Capital Budgeting: Top Management Policy on Plant, Equipment, and Prod-
uc< Development (New York, 1951, Columbia University Press, 174 pp.); Roland P. Soule,
"Trends in the Cost of Capital", Harvard Business Review, 31 (March, April, 1953), 33-47.

• J. B. Williams, The Theory of Investment Value, (Cambridge, Massachusetts, 1938,
Harvard University Press), 87-96.
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It is mathranatically convenient to assume that the dividend is paid and dis-
counted continuously at the annual rates Z)« and k, in which case

(2) Po = f D,e-'"dt.
Jo

Since Pt is known, estimating the rate of profit at which a share of stock is sell-
ing require the determination of Z)(, < = 1, 2, • • • , « .

At the outset it should be made clear that our objective is not to find the rate
of profit that wiU actually be earned by buying a share of stock. This requires
knowledge of the dividends that will be paid in the future, the price at which the
share will be sold, and when it will be sold. Unfortunately, such information is
not available to us. The rate of profit of interest here is a relation between the
present known price and the expected future dividends. The latter will vary among
individuals with the information they have on a host of variables and with their
personality. Therefore, by expected future dividends we mean an estimate that
(1) i? derivable from known data in an objective manner, (2) is derived by meth-
ods that appear reasonable, i.e., not in conflict with common sense knowledge of
corporation financial behavior, and (3) can be used to arrive at a manageable
measure of the rate of profit implicit in the expectation.

We arrive at Dt by means of two assumptions. One, a corporation is expected
to retain a fraction b of its income after taxes; and two, a corporation is expected
to earn a return of r on the book value of its common equity. Let F, equal a
corporation's income per share of common after taxes at time t. Then the ex-
pected dividend at time t is

(3) D, = (1 - b)Y,

The income per share at time t is the income at (< — 1) plus r percent of the
income at (< — 1) retained, or

(4) F< = y^x + r&F^i

Equation (4) is simply a compoimd interest expression so that, if Yt grows con-
tinuously at the rate g = br,

(5) y, = Yoe".

From Equations (3) and (5)

(6) D, = Z)oe°'.

Substituting this expression for Dt in Equation (2) and integrating, yields

Po = / D,>e'* e'"' dt

(7) = A f e-"'-" dt
Jo

Do
k — g'
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The condition for a solution ia k > g, a, condition that is easily satisfied, for
otherwise, Po would be infinite or n^ative.

Solving Equation (7) for k we find that

(8) k=^^+g.
•TO

Translated, this means that the rate of profit at which a share of common stock
is selling is equal to the current dividend, divided by the current price (the divi-
dend yield), plus the rate at which the dividend is expected to grow. Since there
are other possible empirical definitions of the market rate of profit on a share of
stock, we will refer to fc as the growth rate of profit.

I l l

Let us now review and evaluate the rationale of the model we have just estab-
lished. Estimating the rate of profit on a share of stock involves estimating the
future dividend stream that it provides, and the fimdamental difference between
this model and the dividend yield is the assumption of growth. The latter, as
can be seen, assumes that the dividend will remain constant. Since growth is
generally recognized as a factor in the value of a share and since it is used to
explain differences in dividend yield among shares, its explicit recognition ap-
pears desirable. Future dividends are imcertain, but the problem cannot be
avoided by ignoring it. To assume a constant rate of growth and estimate it to
be equal to the current rate appears to be a better alternative.

Under this model the dividend will grow at the rate br, which is the product
of the fraction of income retained and the rate of return earned on net worth.
It is mathematically true that the dividend will grow at this rate if the corpora-
tion retains b and earns r. While we can be most certain that the dividend will
not grow uniformly and continuously at some rate, unless we believe that an
alternative method for estimating the future dividend stream is superior, the
restriction of the model to the assumption that it will grow imiformly at some
rate is no handicap. Furthermore, the future is discounted; hence, an error in
the estimated dividend for a year in the distant future results in a considerably
smaller error in fc than an error in estimating the dividend in a near year.

It should be noted that this measure of the rate of profit is suspect, when both
income and dividend are zero, and it may also be questioned when either falls
to very low (or negative) values. In such cases, the model yields a lower rate of
profit than one might believe that the market reqmres on a corporation in such
difficulties. It is evident that the dividend and the income yields are even more
suspect under these conditions and, hence, are subject to the same limitations.

There are other approaches to the estimation of future dividends than the
extrapolation of the current dividend on the basis of the growth rate implicit
in b and r. In particular, one can arrive at g directly by taking some average of
the past rate of growth in a corporation's dividend. Whether or not this or some
other measure of the expected future dividends is superior to the one presented
earlier will depend on their relative usefulness in such purposes as the analysis
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of variation in prices among shares and the preferences of those who want an
objective measure of a share's rate of profit.

So far, we have compared the growth rate of profit with the income and divi-
dend yields on theoretical grounds. Let us now consider how they differ in prac-
tice, using the same measurement rules for the variables in each case. The nu-
merical difference between the growth rate of profit and the dividend yield is
simply the growth rate. However, the income yield, which is the measure of the
rate of profit commonly recommended for capital budgeting, differs from the
growth rate of profit in a more complex manner, and to establish this difference
we first note that

(9) 6 = 1 1 ^ and r = I

where B = the net worth or book value per share. The growth rate of profit,
therefore, may be written as

I D , , D ,Y - Dk = - + br = p-\- - ^ ~ .

Next, the income yield can be decomposed as follows:

Y D . Y - D

We see then that y and k will be equal when book and market values are equal.
It can be argued that the income yield overstates a share's payment stream by
assuming that each payment is equal to the income per share and understates
the payment stream by assuming that it will not grow. Hence, in this si)ecial
case where book and market values are equal, the two errors exactly comf»ensate
each other.

Commonly market and book values differ, and y will be above k when market
is below book, and it will be below k when market is above book. Hence, a share
of IBM, for example, that is priced far above book had had an earnings yield
of two to three percent in 1955. We know that the market requires a higher rate
of profit on a common stock, even on IBM, and its growth rate of profit, k, is
more in accord with the value suggested by common sense. Conversely, when
U. S. Steel was selling at one-half of book value in 1950, the high income yield
grossly overstated the rate of profit that the market was, in fact, requiring on
the stock.

Furthermore, the growth rate of profit will fluctuate in a narrower range than
the earnings jdeld. For instance, during the last few years, income, dividends,
and book value have gone up more or less together, but market price has gone
up at a considerably higher rate. Consequently, the growth rate of profit, de-
pendent in part on book value, has fallen less than the earnings yield. Conversely,
in a declining market k would rise less rapidly than y.

There is a widespread feeling that many accounting figures, particularly book
value per share, are insensitive to the realities of the world, and some may feel
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108 HYRON J. GORDON AND ELI SHAPIRO

that the comparative stability of fc is merely a consequence of the limitations of
accounting data. This is not true! The behavior of fc is not a consequence of the
supposed lack of realism in accounting data. Rather, book value appears in the
model becavise it, and not market value, is used to measure the rate of return the
corporation earns on investment, which, we have seen, is the rate of return that
enters into the determination of the rate at which the dividend will grow. The
comparative stability of fc follows from the simple fact that, when a revenue
stream is expected to grow, a change in the required rate of profit will give rise
to a more than proportional change in the asset's price. Conversely, a change in
the price reflects a less than proportional change in the rate of profit.

IV

Given the rate of profit expected on each item in the schedule of available
investment opportunities and given the rate of profit at which the corporation's
stock is selling, what should the capital budget be? As stated earlier, the accepted
theory is that the budget should be set so as to equate the mai^nal retiom on
investment with the rate of profit at which the stock is selling. The reasoning is,
if the market requires, let us say, a 10 percent return on investment in the cor-
poration's stock, and if the corporation can earn 15 percent on additional invest-
ment, obtaining the funds and making the investment will increase the earnings
per share. As the earnings and the dividend per share increase or as the market
becomes persuaded that they will increase, the price of the stock will rise. The
objective, it will be recalled, is the maximization of the value of the stockholder's
equity.

The conclusion drawn implicitly assumes that the corporation can sell addi-
tional shares at or above the prevailing market, or if a new issue depresses the
market, the fall will be slight, and the price will soon rise above the previous
level. However, some other consideration may argue against a new stock issue;
for example, the management may be concerned with dilution of control, or the
costs of floating a new issue may be very high, or a new issue may be expected
to depress the price severely and indefinitely for reasons not recognized in the
theory. Hence, it does not automatically follow that a new issue should be floated
when a firm's demand for funds exceeds, according to the above criterion, those
that are internally available.

In determining whether the required rate of profit is above or below r', the
marginal return on investment, one can use y, the earnings yield, or k, the growth
rate of profit as the required rate of profit. If y and fc differ and if the reasoning in
support of fc presented earlier is valid, using y to estimate the direction in which
a new issue wiU change the price of the stock may result in a wrong conclusion.

In arriving at the optimum size of a stock issue, the objective is to equate r'
and y or fc, depending on which is used. Internal data may be used to estimate
the marginal efficiency of capital schedule. If the required rate of profit is con-
sidered a constant, its defijiition, y — Y/P or fc = DfP + br, provides its value.
However, the required rate of profit may vary with the size of the stock issue or
with the variables that may change as a consequence of the issue. In this event.
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FlG.1

finding the optimum size of a stock issue requires a model that predicts the varia-
tion in the required rate of profit with the relevant variables.

Borrowing is an alternative source of funds for investment. However, an analy-
sis of this alternative requires the measurement of both (1) the variation in risk
with debt, and (2) the difference between the rate of profit and the rate of in-
terest needed to cover a given increase in risk. This has not been done as yet,
which may explain the widespread practice of arbitrarily establishing a "satis-
factory" financial structure and only borrowing to the ext«nt allowed by it.

It has been stated by Dean" and Terborgh' that the long-term ceiling on a
firm's capital outlays is the amount of its internally available funds. However,
the share of its income a corporation retains is not beyond the control of its
management; and, among the things we want from a capital budgeting model is
guidance on whether the share of a corporation's income that is retained for in-
vestment should be raised or lowered.

Proceeding along traditional lines, the problem may be posed as follows. A
firm estimates its earnings and depreciation allowances for the coming year and
deducts the planned dividend to arrive at a preliminary figure for the capital
budget. The marginal rate of return on investment in excess of this amount may
be above or below the required rate of profit. We infer from theory that the two
rates should be equated by (1) raising the budget and reducing the dividend

' Dean, op. dt., 53-55.
' George Willard Terborgh, Dynamic Equipment Policy (New York, 1949, McGraw-Hill,

290 pp.), 228-29.
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when the marginal return on investment is above the required rate of return,
and (2) raising the dividend and reducing the budget when the reverse holds.
The conditions under which this process yields an equilibriimi are illustrated in
Figure 1. The marginal return on investment, r', should fall as the budget is in-
creased, and the required rate of profit, y or fc, should increase or it should fall
at a lower rate than r'. The latter case is illustrated by the line 2/« or ka .

Changing the dividend so as to equate r' and say y should maximize the price
of the stock. For instance, if r' is above y, the company can earn a higher return
on investment than stockholders require, and a dollar used this way is worth
more to the stockholders than the dollar distributed in dividends. In other words,
the price should go up by more than the income retained.

There are, of course, a number of problems connected with the use of this
model for arriving at the optimum dividend rate. First, there is the question
whether y or k shoxild be used to measure the required rate of profit. Second,
there is no question that the required rate of profit varies with the diAddend rate.
Hence, the current rate of profit given by the definition does not tell what profit
rate will be required with a different dividend rate. This requires a model which
predicts the variation in ?/ or fc with the dividend rate and other variables. Third,
there is a very nasty problem of the short and the long run. It is widely believed,
though the evidence has limitations, that the price of a share of stock varies
with the dividend rate, in which case a corporation should distribute all of its
income. However, it is quite possible that a change in the dividend gives rise to
the expectation that earnings and future dividends are changing in the same di-
rection. Further, in the short run, the market is not likely to be informed on a
firm's marginal efficiency of capital schedule. For these and other reasons, it is
likely that the dividend rate should not be made to vary with short-run changes
in the marginal efficiency of capital, and more sophisticated methods than those
now in use are needed to establish the variation in price or required rate of profit
with the dividend rate.

The major points developed in this paper may be summarized as follows. We
presented a definition of the rate of profit required by the market on a share of
common stock, and we noted some of its advantages. It is theoretically superior
to the income and dividend yields because it recognizes that the revenue stream
provided by a share can be expected to grow. Furthermore, its empirical charac-
teristics are also superior to those of the income and dividend yields since its
value is generally in closer agreement with common sense notions concerning the
prevailing rate of profit on a share of stock and since its value fluctuates in a
narrower range over time. We next examined some of the problems involved in
using this definition of the rate of profit and the earnings yield in capital budget-
ing models. Finally, we saw that, before capital budgeting theory can be made
a reliable guide to action, we must improve our techniques for estimating the
future revenue on a capital outlay proposal, and we must learn a good deal more
about how the rate of profit the market requires on a share of stock varies with
the dividend, the growth rate, and other variables that may influence it.
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This study examines the empirical relattonship between the return and the total market value of 
NYSE common stocks. It is found that smaller firms have had htgher risk adjusted returns, on 
average, than larger lirms. This ‘size effect’ has been in existence for at least forty years and is 
evidence that the capital asset pricing model is misspecttied. The size elfect is not linear in the 
market value; the main effect occurs for very small tirms while there is little difference m return 
between average sized and large firms. It IS not known whether size per se is responsible for the 
effect or whether size IS just a proxy for one or more true unknown factors correlated with size. 

1. Introduction 

The single-period capital asset pricing model (henceforth CAPM) pos- 
tulates a simple linear relationship between the expected return and the 
market risk of a security. While the results of direct tests have been 
inconclusive, recent evidence suggests the existence of additional factors 

which are relevant for asset pricing. Litzenberger and Ramaswamy (1979) 
show a significant positive relationship between dividend yield and return of 
common stocks for the 1936-1977 period. Basu (1977) finds that pricee 
earnings ratios and risk adjusted returns are related. He chooses to interpret 
his findings as evidence of market inefficiency but as Ball (1978) points out, 
market efftciency tests are often joint tests of the efficient market hypothesis 
and a particular equilibrium relationship. Thus, some of the anomalies that 
have been attributed to a lack of market efficiency might well be the result of 
a misspecification of the pricing model. 

This study contributes another piece to the emerging puzzle. It examines 
the relationship between the total market value of the common stock of a 
firm and its return. The results show that, in the 193661975 period, the 

common stock of small firms had, on average, higher risk-adjusted returns 

*This study ts based on part of my dtssertatton and was completed while 1 was at the 
Umverstty of Chtcago. 1 am grateful to my committee, Myron Scholes (chairman), John Gould. 
Roger Ibbotson. Jonathan Ingersoll, and especially Eugene Fama and and Merton Mtller, for 
their advtce and comments I wtsh to acknowledge the valuable comments of Btll Schwert on 
earher drafts of thts paper 

Dockets UE-170485 & UG-170486 
Exhibit DJG-19 

Page 1 of 16



than the common stock of large firms. This result will henceforth be referred 
to as the ‘size effect’. Since the results of the study are not based on a 
particular theoretical equilibrium model, it is not possible to determine 
conclusively whether market value per se matters or whether it is only a 

proxy for unknown true additional factors correlated with market value. The 
last section of this paper will address this question in greater detail. 

The various methods currently available for the type of empirical research 

presented in this study are discussed in section 2. Since there is a consider- 
able amount of confusion about their relative merit, more than one technique 

is used. Section 3 discusses the data. The empirical results are presented in 
section 4. A discussion of the relationship between the size effect and other 
factors, as well as some speculative comments on possible explanations of the 

results, constitute section 5. 

2. Methodologies 

The empirical tests are based on a generalized asset pricing model which 
allows the expected return of a common stock to be a function of risk ,8 and 
an additional factor 4, the market value of the equity.’ A simple linear 
relationship of the form 

E(R,)=Yo+YtB,+Y,C(4i-4,)/4,1, (1) 

is assumed, where 

E(R,)=expected return on security i, 

YO =expected return on a zero-beta portfolio, 

YI = expected market risk premium, 

4i =market value of security i, 

4, =average market value, and 

72 =constant measuring the contribution of 4, to the expected return of a 
security. 

If there is no relationship between 4, and the expected return, i.e., yZ =O, (1) 
reduces to the Black (1972) version of the CAPM. 

Since expectations are not observable, the parameters in (1) must be 
estimated from historical data. Several methods are available for this 
purpose. They all involve the use of pooled cross-sectional and time series 
regressions to estimate yo, y,, and yZ. They differ primarily in (a) the 
assumption concerning the residual variance of the stock returns (homosced- 
astic or heteroscedastic in the cross-sectional), and (b) the treatment of the 

‘In the empmcal tests, @, and @, arc delined as the market proportion of security I and 
average market proportlon, respectively The two speclficatlons arc. of course, equivalent. 
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errors-in-variables problem introduced by the use of estimated betas in (1). 
All methods use a constrained optimization procedure, described in Fama 
(1976, ch. 9), to generate minimum variance (m.v.) portfolios with mean 

returns yi, i=O,. . ., 2. This imposes certain constraints on the portfolio 
weights, since from (1) 

E(R,)~Y,=YoCW,+YlCw,Pj 
j J 

+YZ K Cw,4J-4mCWj 4, 9 i=O,...,2, (2) 
J J >I 1 

where the wJ are the portfolio proportions of each asset j, j= 1,. ., N. An 

examination of (2) shows that f0 is the mean return of a standard m.v. 
portfolio (xJwj= 1) with zero beta and (6P=~J~~J$J = 4, [to make the 
second and third terms of the right-hand side of (2) vanish]: Similarly, 7, is 
the mean return on a zero-investment m.v. portfolio with beta of one and 
4p=0, and f2 is the mean return on a m.v. zero-investment, zero-beta portfolio 
with C#I~ = 4,. As shown by Fama (1976, ch. 9), this constrained optimization 
can be performed by running a cross-sectional regression of the form 

R,,=~~,+~~,P,,+~~rC(~~~-~mr)/~mtlf&it, i = 1,. . ., N, (3) 

on a period-by-period basis, using estimated betas p^,, and allowing for either 

homoscedastic or heteroscedastic error terms. Invoking the usual stationarity 
arguments the final estimates of the gammas are calculated as the averages of 

the Testimates. 

One basic approach involves grouping individual securities into portfolios 
on the basis of market value and security beta, reestimating the relevant 
parameters (beta, residual variance) of the portfolios in a subsequent period, 
and finally performing either an ordinary least squares (OLS) regression 
[Fama and MacBeth (1973)] which assumes homoscedastic errors, or a 
generalized least squares (GLS) regression [Black and Scholes (1974)] which 

allows for heteroscedastic errors, on the portfolios in each time period.2 
Grouping reduces the errors-in-variables problem, but is not very efficient 
because it does not make use of all information. The errors-in-variables 
problem should not be a factor as long as the portfolios contain a reasonable 
number of securities.3 

Litzenberger and Ramaswamy (1979) have suggested an alternative 
method which avoids grouping. They allow for heteroscedastic errors in the 
cross-section and use the estimates of the standard errors of the security 

‘Black and Scholes (1974) do not take account of heteroscedastlcity, even though their 
method was designed to do so. 

‘Black, Jensen and Schoies (1972, p. 116). 

JFE B 
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betas as estimates of the measurement errors. As Then (1971, p. 610) has 
pointed out, this method leads to unbiased maximum likelihood estimators 
for the gammas as long as the error in the standard error of beta is small 
and the standard assumptions of the simple errors-in-variables model are 

met. Thus, it is very important that the diagonal model is the correct 
specification of the return-generating process, since the residual variance 
assumes a critical position in this procedure. The Litzenberger-Ramaswamy 

method is superior from a theoretical viewpoint; however, preliminary work 
has shown that it leads to serious problems when applied to the model of 
this study and is not pursued any further.4 

Instead of estimating equation (3) with data for all securities, it is also 

possible to construct arbitrage portfolios containing stocks of very large and 
very small firms, by combining long positions in small firms with short 
positions in large firms. A simple time series regression is run to determine 
the difference in risk-adjusted returns between small and large firms. This 
approach, long familiar in the efficient markets and option pricing literature, 
has the advantage that no assumptions about the exact functional re- 
lationships between market value and expected return need to be made, and 
it will therefore be used in this study. 

3. Data 

The sample includes all common stocks quoted on the NYSE for at least 

five years between 1926 and 1975. Monthly price and return data and the 

number of shares outstanding at the end of each month are available in the 
monthly returns file of the Center for Research in Security Prices (CRSP) of 
the University of Chicago. Three different market indices are used; this is in 
response to Roll’s (1977) critique of empirical tests of the CAPM. Two of the 
three are pure common stock indices - the CRSP equally- and value- 
weighted indices. The third is more comprehensive: a value-weighted com- 
bination of the CRSP value-weighted index and return data on corporate 
and government bonds from Ibbotson and Sinquetield (1977) (henceforth 
‘market index’).5 The weights of the components of this index are derived 
from information on the total market value of corporate and government 
bonds in various issues of the Survey of Current Business (updated annually) 
and from the market value of common stocks m the CRSP monthly index 
file. The stock indices, made up of riskier assets, have both higher returns 

41f the diagonal model (or market model) is an mcomplete specliicatton of the return 
generatmg process, the estimate of the standard error of beta IS hkely to have an upward btas, 
smce the residual variance estimate IS too large The error m the residual variance estimate 
appears to be related to the second factor. Therefore, the resultmg gamma estml,ites are blased. 

5No pretense IS made that this mdex 1s complete, thus, the use of quotation marks It Ignores 
real estate, foreign assets, etc ; It should be consldered a first step toward a comprehenslve Index. 
See Ibbotson and Fall (1979) 
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and higher risk than the bond indices and the ‘market index’.6 A time series 

of commercial paper returns is used as the risk-free rate.’ While not actually 
constant through time, its variation is very small when compared to that of 
the other series, and it is not significantly correlated with any of the three 
indices used as market proxies. 

4. Empirical results 

4.1. Results for methods based on grouped data 

The portfolio selection procedure used in this study is identical to the one 

described at length in Black and Scholes (1974). The securities are assigned 
to one of twenty-five portfolios containing similar numbers of securities, first 
to one of five on the basis of the market value of the stock, then the 
securities in each of those five are in turn assigned to one of five portfolios 
on the basis of their beta. Five years of data are used for the estimation of 
the security beta; the next five years’ data are used for the reestimation of the 

portfolio betas. Stock price and number of shares outstanding at the end of 
the five year periods are used for the calculation of the market proportions. 
The portfolios are updated every year. The cross-sectional regression (3) is 
then performed in each month and the means of the resulting time series of 

the gammas could be (and have been in the past) interpreted as the final 
estimators. However, having used estimated parameters, it is not certain that 

the series have the theoretical properties, m particular, the hypothesized beta. 

Black and Scholes (1974, p. 17) suggest that the time series of the gammas be 
regressed once more on the excess return of the market index. This 
correction involves running the time series regression (for $2) 

It has been shows earlier that the theoretical fi2 is zero. (4) removes the 

effects of a non-zero ii2 on the return estimate f2 and i, is used as the final 
estimator for *j, - R,. Similar corrections are performed for yO and yl. The 

‘Mean monthly returns and standard dewatlons for the 1926-1975 period are 

Mean return Standard dewatlon 

‘Market Index’ 0 tUI-16 0.0 178 
CRSP value-welghted mdex 0 0085 0 0588 
CRSP equally-welghted mdex 0.0120 0.0830 
Government bond Index 0.0027 0.0157 
Corporate bond Index 0 0032 00142 

‘1 am grateful to Myron Scholes for maklng this series avaIlable The mean monthly return 
for the 1926-1975 period IS 0.0026 and the standard dewatlon IS 00021. 
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derivations of the pi, i = 0,. . ., 2, in (4) from their theoretical values also allow 
us to check whether the grouping procedure is an effective means to 
eliminate the errors-in-beta problem. 

The results are essentially identical for both OLS and GLS and for all 
three indices. Thus, only one set of results, those for the ‘market index’ with 
GLS, is presented in table 1. For each of the gammas, three numbers are 
reported: the mean of that time series of returns which is relevant for the test 

of the hypothesis of interest (i.e., whether or not To and fI are different from 
the risk-free rate and the risk premium, respectively), the associated t- 

statistic, and finally, the estimated beta of the time series of the gamma from 
(4). Note that the means are corrected for the deviation from the theoretical 
beta as discussed above. 

The table shows a significantly negative estimate for yZ for the overall time 
period. Thus, shares of firms with large market values have had smaller 
returns, on average, than similar small firms. The CAPM appears to be 
misspecified. The table also shows that y0 is different from the risk-free rate. 

As both Fama (1976, ch. 9) and Roll (1977) have pointed out, if a test does 

not use the true market portfolio, the Sharpe-Lintner model might be 
wrongly rejected. The estimates for y0 are of the same magnitude as those 

reported by Fama and MacBeth (1973) and others. The choice of a market 
index and the econometric method does not affect the results. Thus, at least 
within the context of this study, the choice of a proxy for the market 
portfolio does not seem to affect the results and allowing for heteroscedastic 

disturbances does not lead to significantly more efficient estimators. 
Before looking at the results in more detail, some comments on economet- 

ric problems are in order. The results in table 1 are based on the ‘market 
index’ which is likely to be superior to pure stock indices from a theoretical 
viewpoint since it includes more assets [Roll (1977)]. This superiority has its 

price. The actual betas of the time series of the gammas are reported in table 
1 in the columns labeled p^,. Recall that the theoretical values of & and 8, 
are zero and one, respectively. The standard zero-beta portfolio with return 
y10 contains high beta stocks in short positions and low beta stocks in long 
positions,. while the opposite is the case for the zero-investment portfolio with 
return f,. The actual betas are all significantly different from the theoretical 
values. This suggests a regression effect, i.e., the past betas of high beta 
securities are overestimated and the betas of low beta securities are under- 
estimated.’ Past beta is not completely uncorrelated with the error of the 
current beta and the instrumental variable approach to the error-in-variables 
problem is not entirely successful.’ 

‘There IS no such effect for b2 because that portfoho has both zero beta and zero mvestment, 
I e, net holdmgs of both high and low beta securmes are, on average, zero 

‘This result is first documented m Brenner (1976) who exammes the orlgmal Fama-McBeth 
(1973) time serxs of V,, 

Dockets UE-170485 & UG-170486 
Exhibit DJG-19 

Page 6 of 16



T
ab

le
 

1 
Po

rt
fo

ho
 

es
ttm

at
or

s 
fo

r 
?a

, 
T

, 
an

d 
yZ

 b
as

ed
 

on
 

th
e 

‘m
ar

ke
t 

In
de

x’
 

w
tth

 
ge

ne
ra

hz
ed

 
le

as
t 

sq
ua

re
s 

es
ttm

at
to

n 
’ 

R
, 

=;
:o

, 
+

;;,
,i$

+
;:z

,C
(&

 
- 

d
m

,)
/
d
~
,l
 

Pe
rr

od
 

^ 
R

 
rt

;:
,-

R
t)

 
8,

 
i, 

-t
R

,-
R

,)
 

tc
;;

, 
-C

R
,-

R
,)

) 
8,

 
^ 

i’
o-

 
f 

“
i2

 
tG

2)
 

82
 

B
 

19
36

19
75

 
0 

00
45

0 
2.

76
 

04
5 

- 
0.

00
09

2 
- 

1.
00

 
0.

75
 

- 
0.

00
05

2 
- 

2.
92

 
0.

01
 

_j
 

19
36

-m
19

55
 

0.
00

37
7 

I 
66

 
0.

43
 

- 
0.

00
06

0 
-0

80
 

0.
80

 
-0

00
04

3 
-2

.1
2 

0.
01

 
B

 
19

56
19

75
 

0.
00

53
 
1 

2.
22

 
0.

46
 

-0
.0

01
38

 
-0

.8
2 

0.
73

 
- 

0.
00

06
2 

- 
2.

09
 

0.
01

 
2 3 

19
36

19
45

 
0.

00
12

1 
0.

30
 

0.
63

 
-0

.0
00

98
 

-0
77

 
0.

82
 

- 
0.

00
07

5 
-2

.3
2 

-0
.0

1 
Z

 
19

46
 

19
55

 
0 

00
65

0 
2.

89
 

00
3 

-0
.0

00
21

 
-0

26
 

0 
75

 
-0

.O
c0

15
 

-0
.6

5 
0.

06
 

19
56

19
65

 
0 

00
49

4 
2 

02
 

0 
34

 
- 

0.
00

09
8 

-0
.5

6 
09

6 
- 

0.
00

03
9 

- 
1.

27
 

-0
.0

1 
5 

19
66

-1
97

5 
0.

00
59

6 
1 

43
 

0.
49

 
-0

.0
02

32
 

- 
0.

80
 

0 
69

 
- 

0.
00

08
0 

- 
1.

55
 

0.
01

 
3 ‘”

 
P 

‘f
O

 - 
R

, 
=

 m
ea

n 
dt

ff
er

en
ce

 
be

tw
ee

n 
re

tu
rn

 
on

 
ze

ro
 

be
ta

 
po

rt
fo

ho
 

an
d 

rt
sk

-f
re

e 
ra

te
, 

?,
 -

 
(R

 w
 - 

R
F)

 =
 m

ea
n 

dt
ff

er
en

ce
 

be
tw

ee
n 

ac
tu

al
 

rt
sk

 
pr

em
iu

m
 

(f
,)

 
an

d 
ri

sk
 

pr
em

tu
m

 
st

tp
ul

at
ed

 
by

 S
ha

rp
e-

L
m

tn
er

 
m

od
el

 
(R

, 
- 

R
F

) 
f2

 =
 m

e 
pr

em
tu

m
. 

8,
 =

ac
tu

al
 

es
ttm

at
ed

 
m

ar
ke

t 
rr

sk
 

of
 $

, 
(t

he
or

et
tc

al
 

va
lu

es
. 

/I
,, 

= 
0.

 b
, 

= 
1,

 p
2 

=O
),

 
al

l 
fl

,,,
 f

i, 
ar

e 
st

gn
di

ca
nt

ly
 

dt
ff

er
en

t 
fr

om
 

th
e 

th
eo

re
ttc

al
 

va
lu

es
. 

t(
 

)=
 

t-
st

at
ts

ttc
. 

Dockets UE-170485 & UG-170486 
Exhibit DJG-19 

Page 7 of 16



10 R.W Banz, Return and firm sue 

The deviations from the theoretical betas are largest for the ‘market index’, 
smaller for the CRSP value-weighted index, and smallest for the CRSP 
equally-weighted index. This is due to two factors: first, even if the true 
covariance structure is stationary, betas with respect to a value-weighted 
index change whenever the weights change, since the weighted average of the 
betas is constrained to be equal to one. Second, the betas and their standard 
errors with respect to the ‘market index’ are much larger than for the stock 
indices (a typical stock beta is between two and three), which leads to larger 
deviations -- a kind of ‘leverage’ effect. Thus, the results in table 1 show 
that the final correction for the deviation of j?,, and /?, from their theoretical 
values is of crucial importance for maket proxies with changing weights. 

Estimated portfolio betas and portfolio market proportions are (ne- 
gatively) correlated. It is therefore possible that the errors in beta induce an 
error in the coefficient of the market proportion. According to Levi (1973) 
the probabihty limit of 9, in the standard errors-in-the-variables model is 

plim f, =y,/(l+ (a,2 .a:)/D)<ri, 

with 

where a:, o$ are the variances of the true factors b and 4, respectively, 0,’ is 
the variance of the error in beta and oi2 is the covariance of /I and 4. Thus, 
the bias m 3, is unambiguously towards zero for positive yi. The probability 
limit of f2 -yz is [Levi (1973)] 

plim ($2-y2)= (a,2 ‘0i2 .yi)/D. 

We find that the bias in f2 depends on the covariance between p and 4 and 

the sign of ;‘,. If g,2 has the same sign as the covariance between /? and (6, 
i.e., gIZ ~0, and if y1 >O, then plim(y^,-y,)<O, i.e., plimy^,<y,. If the 
grouping procedure is not successful in removmg the error in beta, then it is 
likely that the reported f2 overstates the true magnitude of the size effect. If 
this was a serious problem in this study, the results for the different market 
indices should reflect the problem.‘In particular, using the equally-weighted 
stock index should then lead to the smallest size effect since, as was pointed 
out earlier, the error in beta problem is apparently less serious for that kind 
of index. In fact, we find that there is little difference between the estimates.” 

IDFor the overall time period, y2 with the equally-welghted CRSP Index 1s -0.00044, with the 
value weighted CRSP Index -0.00044 as well as opposed to the -0.00052 for the ‘market 
Index’ reported In table I The estimated betas of y0 and 7, which reflect the degree of the error 
In beta problems are 0 07 and 0 91, respectively, for the equally-welghted CRSP Index and 0 13 
and 0.87 for the value-welghted CRSP Index. 
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R.W Banz, Return andfirm sze 11 

Thus, it does not appear that the size effect is just a proxy for the 
unobservable true beta even though the market proportion and the beta of 
securities are negatively correlated. 

The correlation coefficient between the mean market values of the twenty- 
five portfolios and their betas is significantly negative, which might have 
introduced a multicollinearity problem. One of its possible consequences is 

coefficients that are very sensitive to addition or deletion of data. This effect 
does not appear to occur in this case: the results do not change significantly 
when five portfolios are dropped from the sample. Revising the grouping 
procedure - ranking on the basis of beta first, then ranking on the basis of 
market proportion - also does not lead to substantially different results. 

4.2. A closer look at the results 

An additional factor relevant for asset pricing - the market value of the 
equity of a firm -- has been’found. The results are based on a linear model. 
Linearity was assumed only for convenience and there is no theoretical 
reason (since there is no model) why the relationship should be linear. If it is 

nonlinear, the particular form of the relationship might give us a starting 
point for the discussion of possible causes of the size effect in the next 
section. An analysis of the residuals of the twenty-five portfolios is the easiest 
way to look at the linearity question. For each month t, the estimated 
residual return 

~,,=R,,-;:,,-~l,/3,,-i*tC(~,t-&,r)/~ 1 mr 1 
i=l,...,25, (5) 

is calculated for all portfolios. The mean residuals over the forty-five year 
sample period are plotted as a function of the mean market proportion u-r fig. 
1. Since the distribution of the market proportions is very skewed, a 
logarithmic scale IS used. The solid line connects the mean residual returns of 
each size group. The numbers identify the individual portfolios within each 
group according to beta, ‘1’ being the one with the largest beta, ‘5’ being the 
one with the smallest beta. 

The figure shows clearly that the linear model is misspecified.” The 
residuals are not randomly distributed around zero. The resrduals of the 
portfolios containing the smallest firms are all positive; the remainmg ones 
are close to zero. As a consequence, tt is impossible to use fz as a simple size 
premium in the cross-sectron. The plot also shows, however, that the 

misspecification is not responsible for the stgmficance of f2 since the linear 
model underestimates the true size effect present for very small firms. To 
illustrate this point, the five portfolios containing the smaller firms are 

“The nonhnearlty cannot be ehmmated by definmg 4, as the log of the market proportlon 
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12 R.W Bum, Return und/irm .me 

deleted from the sample and the parameters reestimated. The results, 
summarized in table 2, show that the y*2 remain essentially the same. The 
relationship is still not linear; the new f, still cannot be used as a size 
premium. 

Fig. 1 suggests that the main effect occurs for very small firms. Further 

support for this conclusion can be obtained from a simple test. We can 
regress the returns of the twenty-five portfolios in each result on beta alone 
and examine the residuals. The regression is misspecified and the residuals 
contain information about the size effect. Fig. 2 shows the plot of those 
residuals in the same format as fig. 1. The smallest firms have, on average, 
very large unexplained mean returns. There is no significant difference 

between the residuals of the remaining portfolios. 

,004 

B ,002 

2 
a 

i a 0.0 

ii 
a 

-.002 

-.004 

I ” 
.5.1o-4 1o-4 .5 lo-’ lo+ .5.1o-2 

MARKET PROPORTION 

Ftg. 1. Mean restdual returns of portfolios (19361975) with equally-weighted CRSP mdex as 
market proxy. The residual is calculated with the three-factor model [eq. (3)]. The numbers 
1,. ,, 5 represent the mean residual return for the five portfolios wtthin each stze group (I: 
portfoho wtth largest beta,. .,5. portfoho wtth smallest beta) + represents the mean of the 

mean residuals of the five portfolios wtth stmtlar market values. 
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3 3 

.004 - 
+ 

1 5 

5 2 
Z 4 5 

5 

E ‘Oo2: \ 
3 4 

Z! 0.0 4 
Z 1-i 5 

iii 2 3 

P 2+4 

-.002 - 2 
2 

1 
1 

-.004 - 1 

1 

. 5.1o-4 10-O .5.10-’ lo-’ .5.10-* 

MARKET PROPORTION 

Fg 2. Mean residual returns of portfolios (19361975) with equally-weighted CRSP Index as 

market proxy. The residual is calculated with the two-factor model (t,, = R,,-j,,-f,,j,,) The 
symbols are as defined for fig. 1. 

4.3. ‘Arbitrage’ portfolio returns 

One important empirical question still remains: How important is the size 
effect from a practical point of view? Fig. 2 suggests that the difference in 
returns between the smallest firms and the remaining ones is, on average, 
about 0.4 percent per month. A more dramatic result can be obtained when 
the securities are chosen solely on the basis of their market value. 

As an illustration, consider putting equal dollar amounts into portfolios 
containing the smallest, largest and median-sized firms at the beginning of a 
year. These portfolios are to be equally weighted and contain, say, ten, 
twenty or fifty securities. They are to be held for five years and are 
rebalanced every month. They are levered or unlevered to have the same 
beta. We are then interested in the differences in their returns, 

Rtt=Rsr-R,tt R,, = 4, - L R,, = Rat - RI,, (6) 
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14 R.W Bunz, Return and firm SLW 

Table 2 
Portfoho estimators for y2 for all 25 portfohos and for 
20 portfolios (portfolios containing smallest tirms de- 
leted) based on CRSP equally weighted Index with 

generahzed least-squares estimatton.” 

Size premtum f2 wtth 

Period 

19361975 

1936-1955 

1956-1975 

19361945 

194661955 

1956.-1965 

25 portfolios 

- 0.00044 
( - 2.42) 

- 0.00037 
(-I 72) 

- 0.00056 
(-1.91) 

- 0.00085 
(-2.81) 

0.00003 
(0.12) 

- 0.00023) 
(-0.81) 

20 portfohos 

- 0 00043 
(- 2.54) 

- o.oM341 
(-1.88) 

- 0.00050 
(-1.91) 

- 0.00083 
(-2.48) 

- 0.00003 
(-0 13) 

-0.00017 
(-0.65) 

19661975 - 0.00091 - 0.00085 
(- 1.78) (- 1.84) 

at-stattsttc m parentheses 

where R,,, R,, and R,, are the returns on the portfolios containing the 

smallest, median-sized and largest firms at portfolio formation time (and R,, 
= R,,+ Rsr). The procedure involves (a) the calculation of the three differ- 
ences in raw returns in each month and (b) running time series regressions of 
the differences on the excess returns of the market proxy. The intercept terms 
of these regressions are then interpreted as the R,, i= 1,. ., 3. Thus, the 
differences can be interpreted as ‘arbitrage’ returns, since, e.g., R,, is the 
return obtained from holding the smallest firms long and the largest firms 
short, representing zero net investment in a zero-beta portfolio.12 Simple 

equally weighted portfolios are used rather than more sophisticated mi- 
nimum variance portfolios to demonstrate that the size effect is not due to 
some quirk in the covariance matrix. 

Table 3 shows that the results of the earlier tests are fully confirmed. l?,, 

the difference in returns between very small firms and median-size firms, is 
typically considerably larger than R3, the difference in returns between 
median-sized and very large firms. The average excess return from holding 
very small firms long and very large firms short is, on average, 1.52 percent 

‘*No ex post sample btas IS Introduced, smce monthly rebalancmg includes stocks d&ted 
durmg the five years. Thus, the portfolio stze IS generally accurate only for the first month of 
each pertod 
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16 R.W Bunz, Return und firm SW 

per month or 19.8 percent on an annualized basis. This strategy, which 
suggests very large ‘profit opportunities’, leaves the investor with a poorly 
diversified portfolio. A portfolio of small firms has typically much larger 

residual risk with respect to a value-weighted index than a portfolio of very 
large firms with the same number of securities [Banz (1978, ch. 3)]. Since the 
fifty largest firms make up more than 25 percent of the total market value of 
NYSE stocks, it is not surprising that a larger part of the variation of the 
return of a portfolio of those large firms can be explained by its relation with 
the value-weighted market index. Table 3 also shows that the strategy would 
not have been successful in every five year subperiod. Nevertheless, the 
magnitude of the size effect during the past forty-five years is such that it is 

of more than just academic interest. 

5. Conclusions 

The evidence presented in this study suggests that the CAPM is mis- 
specified. On average, small NYSE firms have had significantly larger risk 
adjusted returns than large NYSE firms over a forty year period. This size 
effect is not linear in the market proportion (or the log of the market 
proportion) but is most pronounced for the smallest firms in the sample. The 
effect is also not very stable through time. An analysis of the ten year 
subperiods show substantial differences in the magnitude of the coefficient of 
the size factor (table 1). 

There is no theoretical foundation for such an effect. We do not even 
know whether the factor is size itself or whether size is just a proxy for one 
or more true but unknown factors correlated with size. It is possible, 
however, to offer some conjectures and even discuss some factors for which 
size is suspected to proxy. Recent work by Reinganum (1980) has eliminated 
one obvious candidate: the price-earnings (P/E) ratiosi He finds that the 
P/E-effect, as reported by Basu (1977), disappears for both NYSE 
and AMEX stocks when he controls for size but that there is a significant 
size effect even when he controls for the P/E-ratio, i.e., the P/E-ratio effect is 
a proxy for the size effect and not vice versa. Stattman (1980), who found a 

significant negative relationship between the ratio of book value and market 

value of equity and its return, also reports that this relationship is just a 
proxy for the size effect. Naturally, a large number of possible factors remain 
to be tested.14 But the Reinganum results point out a potential problem with 
some of the existing negative evidence of the efficient market hypothesis. 
Basu believed to have identified a market inefficiency but his P/E-effect is 

“The average correlation coefliclent between P/E-ratlo and market value IS only 0 16 for 
mdivldual stocks for thirty-eight quarters endmg m 1978. But for the portfohos formed on the 
basis of P/E-ratlo, It rises to 0 82 Recall that Basu (1977) used ten portfohos m his study. 

14E.g., debt-qulty ratios, skewness of the return dlstrlbutlon [Kraus and Lltzenberger 
(1976)]. 
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R W Banz, Return and firm size 17 

just a proxy for the size effect. Given its longevity, it is not likely that it 1s 

due to a market inefficiency but it is rather evidence of a pricing model 

misspecification. To the extent that tests of market efficiency use data of 
firms of different sizes and are based on the CAPM, their results might be at 
least contaminated by the size effect. 

One possible explanation involving the size of the firm directly is based on 
a model by Klein and Bawa (1977). They find that if insufficient information 
is available about a subset of securities, investors will not hold these 
securities because of estimation risk, i.e., uncertainty about the true para- 

meters of the return distribution. If investors differ in the amount of 
information available, they will limit their diversification to different subsets 
of all securities in the market.15 It is likely that the amount of information 
generated is related to the size of the firm. Therefore, many investors would 
not desire to hold the common stock of very small firms. I have shown 

elsewhere [Banz (1978, ch. 2)] that securities sought by only a subset of the 
investors have higher risk-adjusted returns than those considered by all 
investors. Thus, lack of information about small firms leads to limited 
diversification and therefore to higher returns for the ‘undesirable’ stocks of 
small firms.16 While this informal model is consistent with the empirical 

results, it is, nevertheless, just conjecture. 
To summarize, the size effect exists but it is not at all clear why it exists. 

Until we find an answer, it should be interpreted with caution. It might be 
tempting to use the size effect, e.g., as the basis for a theory of mergers - 
large firms are able to pay a premium for the stock of small firms since they 
will be able to discount the same cash flows at a smaller discount rate. 
Naturally, this might turn out to be complete nonsense if size were to be 
shown to be just a proxy. 

The preceding discussion suggests that the results of this study leave many 
questions unanswered. Further research should consider the relationship 
between size and other factors such as the dividend yield effect, and the tests 
should be expanded to include OTC stocks as well. 

“Klein and Bawa (1977, p 102) 
16A slmllar result can be obtamed with the Introduction of lixed holdmg costs which lead to 

hmlted chverslficatlon as well. See Brennan (1975). Ban7 (1978, ch. 2) and Mayshar (1979) 
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A recent Research Affiliates article by Hsu and 
Kalesnik (2014) concluded that there are at best three 
factors from which investors can benefit through 
passive investing: market, value, and low beta. The 
size premium was conspicuously missing from that 
short list. In this article we explore empirical evidence 
behind the size premium in more detail. The summary 
below offers a preview of our findings. We let the 
reader examine the evidence and draw his or her own 
conclusion. In our opinion the preponderance of 
evidence does not support the existence of a size 
premium.

We are not arguing that investors should stop investing 
in small stocks. A portfolio of small stocks offers a 
certain level of diversification in an investment 
program dominated by large-stock strategies. 
Moreover, major anomalies are stronger in the 
universe of small stocks (likely because small stocks 
are more prone to mispricing). Thus, small stocks have 
the potential to serve as an alpha pool for skilled active 
managers and rules-based strategies that primarily 
target factors other than size. Nonetheless, we are 
skeptical that investors will earn a higher return simply 
by preferring small stocks over large.

Busting the Myth About Size 
by Vitali Kalesnik, Ph.D., and Noah Beck
Many market participants (including investors, product providers, and analysts alike) assume that, just as value 
stocks on average outperform growth, small-cap stocks on average outperform large-caps. Unlike value, however, 
and contrary to popular opinion, there is little solid evidence that stock size affects performance.

Updating the Evidence 
Banz (1981) reported that small-cap stocks 
outperformed large-cap stocks. For the subsequent 
decade the phenomenon Banz observed was 
considered a curious anomaly. The situation changed 
in 1993, when Eugene Fama and Kenneth French 
suggested that small stocks may expose investors to 
some undiversifiable risk that warrants a higher 
required rate of return. At that moment, the size factor 
took its place alongside the market and value factors 
in the original Fama–French three-factor model. 
Carhart (1997) then made the case for momentum 
as a fourth return factor. Today the most standard 
equity pricing model used in academia includes four 
factors: market, value, size, and momentum.

But consider this: What if a large company were split, 
on paper only, into two small companies? Suppose 
there is no change in operations, and imagine that one 
of the small companies booked all the cash flows on 
even-numbered days of the month, and the other one 
accounted for all the cash on odd days. In this scenario, 
it would be most surprising if the small companies 
both delivered higher returns than the original large 
company. Yet the size premium is precisely based on 
the expectation that small-cap stocks will outperform 
large-cap stocks!

Summary of Findings on the Size Premium 
Arguments in Favor: Arguments Against:

1. Over the period July 1926 to July 2014, 
there was a size premium of 3.4% per 
annum in the United States.

2. The U.S. size premium is statistically 
significant (with a p-value of 1.7%), 
assuming the returns are normally 
distributed.

3. In the 30+ years since the publication 
of Banz’s (1981) article , there has been 
an average size premium of 1.0% per 
annum across 18 developed markets 
including the United States.

1. There is an upward bias in size premium estimates due to inaccurate 
returns on delisted stocks in major databases.

2. Indices and hypothetical portfolios ignore trading costs.
3. The statistical significance of the size premium estimates is likely 

overstated due to data-mining and reporting bias.
4. Even with the biases that favor small stocks, there is no 

unquestionably significant evidence in support of the size factor.
•	 The	 estimate	 of	 the	 U.S.	 size	 premium	 is	 dominated	 by	

extreme outliers from the 1930s.
•	 The	 assumption	 of	 normality	 used	 to	 obtain	 statistical	

significance in the U.S. sample is extremely dubious.
•	 There	is	no	statistical	significance	outside	the	United	States.

5. Even with the biases that favor small stocks, there is no risk-adjusted 
performance advantage attributable to the size factor.

Source: Research Affiliates.
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For any reasonable economic theory explaining why 
small-cap stocks are supposed to outperform large-cap 
stocks, there is an equally plausible theory explaining 
why the reverse should be true. The source of the 
specific risk postulated by Fama and French (1993) was 
unclear 21 years ago, and it is still murky today. 
Theoretical explanations for the size premium were 
provided after researchers observed the anomalous 
regularity in returns—not the other way around. Today 
investors believe in the size premium on the basis of 
empirical evidence, not on theoretical arguments. So 
let’s turn to the evidence with updated data.

Following the methodology employed in Fama and 
French (2012), we grouped stocks in each country by 
size into two portfolios. The large stock portfolio 
consists of the top 90% of the market by market 
capitalization, and the small stock portfolio consists of 
the bottom 10% of the market. Stocks within the large 
and small portfolios are weighted by market 
capitalization. To measure the premium we looked at 
the arithmetic difference between the small and large 
stock portfolio returns. We report in Table 1 the average 
annualized returns, volatilities, and t-statistics in 18 
major developed countries from January 1982 to July 
2014. Table 1 also displays data for the United States 
over the longer period from July 1926 to July 2014.

In the 88-year U.S. sample, the size premium is 3.4% 
per annum. Assuming a normal distribution of premium 
estimates (we will discuss later why this assumption 
may not be warranted), the size premium is statistically 
significant with a t-stat of 2.38, which corresponds to 
a p-value of 1.7%. After 1981, when Banz’s paper 
appeared, the premium is positive in the United States 
and positive on average in the international sample, but 
it is not statistically significant anywhere. The 
substantial, statistically significant average return 
observed in the long-term U.S. dataset is the main 
reason why size is popularly believed to be one of the 
most important factors.

Examining the U.S. Data
Existence of the size premium in the United States is 
practically an article of faith in the practice of asset 
management as well as the academic literature. The 
empirical evidence, however, does not stand up very 
well to closer scrutiny. The data are doubtful for several 
reasons, including overestimated small-cap returns due 
to missing data on delisted stocks; the absence of 
transaction costs in the calculation of index returns; 
biases resulting from data-mining and the publishing 
process; and misestimated statistical measures based 
on the assumption of normality. In addition, there 
proves to be no return advantage on a risk-adjusted 
basis. 

Table 1. Size Premium: U.S. and International Evidence

Nation
Average

Return (Ann.)
Average 

Volatility (Ann.) t-stat
Post Publication Period, 1982–2014

Australia -1.1% 10.2% -0.64
Austria 2.0% 13.7% 0.85
Belgium 3.0% 10.7% 1.59
Canada 0.7% 9.2% 0.43
Denmark -0.2% 13.0% -0.09
France 2.9% 9.9% 1.67
Germany -0.5% 10.5% -0.27
Hong kong -0.8% 16.5% -0.26
Ireland 4.9% 18.3% 1.53
Italy -0.8% 11.0% -0.39
Japan 3.3% 13.9% 1.36
Netherlands 1.7% 10.8% 0.88
Norway -0.2% 15.0% -0.07
Singapore 2.3% 15.6% 0.83
Sweden 0.7% 12.6% 0.34
Switzerland -2.2% 10.7% -1.18
United Kingdom 0.8% 9.4% 0.48
United States 1.9% 9.4% 1.15
Equally Weighted Avg. of 18 Countries 1.0% 5.5% 1.05

Full Sample, United States, 1926–2014
United States 3.4% 13.5% 2.38

Note: Within each country we split stocks into large and small portfolios. Following Fama and French (2012), the portfolio of large stocks 
comprises 90% of the national market and the small-stock portfolio comprises 10%. Portfolios are capitalization-weighted. The size 
premium is estimated as the arithmetic average of the differences in return between the small and the large portfolios
Source: Research Affiliates, using CRSP/Compustat and Worldscope/Datastream data.

Dockets UE-170485 & UG-170486 
Exhibit DJG-20 

Page 2 of 7



SIMPLYSTATED November 2014

© Research Affiliates, LLC

620 Newport Center Drive, Suite 900
Newport Beach, California 92660
www.researchaffiliates.com

Delisting bias. Shareholders do not necessarily lose the 
full amount of their investment in a company when it 
is delisted from a major stock exchange. Often the stock 
can still be traded in the over-the-counter (OTC) 
market, and the investor may receive some residual 
value if the company is liquidated. Nonetheless, returns 
on stocks after they have been delisted are likely to be 
very negative. Moreover, all companies are subject to 
business and financial risks that might result in their 
stock’s falling short of listing requirements, but small 
stocks by market capitalization are appreciably more 
likely to be removed from an exchange. Shumway 
(1997) pointed out that regular performance databases 
overestimated small-cap stock returns because they 
did not include returns on delisted stocks. If a database 
that is used in simulating portfolios omits the strongly 
negative returns of delisted stocks, the hypothetical 
results will be better than what actual portfolios can 
achieve in practice.

To estimate the impact of the delisting bias on the size 
premium, Shumway and Warther (1999) looked at the 
smallest and the most distressed stocks for which they 
could obtain reliable data, namely, stocks listed on the 
NASDAQ exchange. We represent their findings in 
Figure 1. The chart shows the average monthly returns 
for 20 groups of stocks sorted by size before and after 
correcting for the upward bias in the database. Clearly, 
the smallest stocks are significantly more affected by 

the delisting bias. After adjusting for the delisting bias, 
the statistical significance of the size premium 
completely disappears. It is unreasonable to suppose 
that the effect Shumway and Warther quantified for 
NASDAQ stocks is missing from other exchanges.

Transaction costs. Theoretical simulations ignore an 
important component of investment performance 
measurement: trading expenses—the actual costs of 
buying or selling investments. Small stocks by definition 
have much lower trading capacity and, correspondingly, 
much higher transaction costs. Soon after the first 
articles documenting the size effect appeared, 
researchers asked how much of the premium remains 
when trading costs are taken into account. Stoll and 
Whaley (1983) showed that transaction costs 
accounted for a significant part of the size premium for 
stocks listed on the New York Stock Exchange and the 
American Stock Exchange. 

Data-mining and reporting bias. There are literally 
hundreds of known factors in the existing literature, 
and many papers documenting new factors are 
published every year. In our opinion the vast majority 
of these factors are spurious products of data-mining. 
We are not alone in taking a skeptical position. Lo and 
MacKinlay (1990), Black (1993), and MacKinlay (1995), 
among others, have argued that many factors, notably 
including size, are likely to be a result of data-mining. 

Source: Research Affiliates, using data from Shumway and Warther (1999).

Figure 1. Average Stock Returns by Size Group 
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And, in finance no less than the physical and biological 
sciences, striking results—especially new discoveries—
tend to win the competition for space in academic 
journals. 

The standard procedure for determining whether a 
factor is statistically significant is to see if its t-stat 
crosses a certain threshold. Normally the threshold is 
set at 1.96 for a 5% confidence level. With a t-stat of 
2.38, the U.S. size premium passes this test for the 
1926–2014 sample. But Harvey, Liu, and Zhu (2014) 
rightly observed that if many researchers are looking 
for statistical irregularities, then the 1.96 criterion is 
too low; it allows many inherently random outliers to 
be misidentified as valid factors. They argue that the 
threshold for the size factor should have been closer 
to a t-stat of 2.50 in 1993.1  Size does not pass this test.

Non-normality of returns. Standard statistical testing 
assumes that the estimate of a variable—in this case, 
the average of the size premium—quickly converges 
to a normal distribution.2  If, however, the underlying 
data include large outliers, then the assumption of 
normality is unfounded. The differences between the 
small and large stock portfolio returns exhibit just such 
outliers. Figure 2 is a histogram of the return differences. 
For comparison, we display on the same chart a normal 
distribution with the same mean and standard 
deviation.

We indicate on the chart four extreme outliers of 6 
sigma or higher. “Sigma” may be an unfamiliar statistical 
term, so let us put these outlier returns in perspective. 
The 23.6% premium registered in January 1934 is a 
6-sigma event. If it were drawn from normal distribution, 
this would be a one-in-67-million-year event, like the 
one that wiped out the dinosaurs. The 27.2% difference 
in returns in September 1939 is a 6.9-sigma event; in 
a normal distribution, it would have about a one-in-five 
chance of occurring in the 4.5 billion years since the 
planet earth came into existence. The 33.8% premium 
in August 1932 is an 8.6-sigma event, and the 51.6% 
premium in May 1933 is a 13.1-sigma event. If these 
last two outliers were drawn from a normal distribution, 
each would have much less than a one-in-a-hundred 
chance of occurring in the entire 13.8 billion years the 
universe has existed. 

To add to the problem, all four outliers occurred in the 
1930s. If they were removed, the estimated size 
premium in Table 1 would drop from 3.4% to 1.9% and 
lose statistical significance. (There is a similar outcome 
in the post-war period: The estimated size premium is 
about 1.9% premium with a t-stat of 1.52.) We do not 
argue, however, that truncating or otherwise 
transforming the sample will give us a better estimate. 
What happened in the 1930s is very valuable 
information about the economy and the stock market. 
The average return from the full sample, including the 

Source: Research Affiliates, using data from Shumway and Warther (1999).

Figure 2. Distribution of Return Differences
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unadjusted outliers, is the best estimate available as 
long as the statistical bounds around it are borne in 
mind. If the size premium is predicated on exceedingly 
rare events, then we’ll have to wait many lifetimes to 
determine with confidence whether or not it exists. 

No risk-adjusted benefit. Academics are interested in 
the arithmetic average returns in a simulated long/short 
portfolio, but practitioners are concerned with the 
actual risk-adjusted returns that they can generate from 
their investments—and the majority do not engage in 
short-selling. We display in Table 2 the average 
geometrically chained cumulative returns of the long-
only portfolios of small and large stocks. These results 
are produced using the same databases we used earlier 
in this article, so they contain the same biases that we 
noted above. 

Small stocks outperform large stocks in this sample, 
but, because small stocks are generally more volatile, 
the Sharpe ratios reveal that small-cap investing 
provides a miniscule advantage in the risk-adjusted 
return. If investors are switching from large stocks to 
small in the hope of a premium, they should realize that 
they are increasing the volatility, too. The estimates of 

average returns are very noisy, and are likely overstated 
due to the biases we described earlier; the estimates 
of volatility on the other hand are real. (Estimates of 
the mean are always less certain than estimates of 
standard deviation.) We suggest that investors seeking 
higher returns consider boosting their overall equity 
allocation rather than chasing the illusory size premium 
in an attempt to add risk on the cheap within the 
existing allocation. A large-cap stock portfolio would 
have higher returns than a mix of small-cap stocks and 
risk-free assets designed to have the same volatility. 
In other words, the added risk of small-cap stocks is 
essentially uncompensated. Note that even in the only 
data set with a statistically significant size premium 
(i.e., the U.S. full sample from 1926–2014), the Sharpe 
ratio is actually lower for small stocks.

Concluding Remarks
We placed our inquiry in a historical context, starting 
with Banz’s (1981) paper, because the widespread belief 
in a size premium is largely a result of its early discovery. 
Market capitalization data were readily available to 
early researchers writing doctoral dissertations and 
journal articles, and, as we have seen, the performance 

Table 2. Average Returns on Long-Only Portfolios
Small Stocks Large Stocks Difference

Nation
Average 
Return

Average 
Volatility 

Sharpe 
Ratio

Average 
Return

Average 
Volatility 

Sharpe 
Ratio

Average 
Return

Average 
Volatility 

Sharpe 
Ratio

Post Publication Period, 1982–2014
Australia 10.8% 24.9% 0.26 12.4% 23.4% 0.35 -1.6% 1.5% -0.08
Austria 13.3% 21.5% 0.42 10.2% 24.4% 0.24 3.1% -2.9% 0.18
Belgium 15.8% 18.7% 0.62 12.6% 20.3% 0.41 3.2% -1.6% 0.21
Canada 11.2% 21.4% 0.33 11.1% 18.7% 0.37 0.1% 2.7% -0.04
Denmark 12.1% 20.1% 0.39 12.6% 19.4% 0.43 -0.4% 0.7% -0.04
France 15.7% 20.5% 0.56 12.5% 21.0% 0.39 3.2% -0.5% 0.17
Germany 11.0% 18.4% 0.36 11.0% 21.4% 0.31 0.0% -3.0% 0.05
Hong kong 10.6% 31.9% 0.20 12.5% 29.2% 0.28 -1.9% 2.7% -0.08
Ireland 18.3% 23.6% 0.60 12.6% 23.8% 0.35 5.7% -0.2% 0.24
Italy 8.1% 23.6% 0.16 8.7% 24.9% 0.18 -0.6% -1.3% -0.02
Japan 9.3% 23.8% 0.21 6.4% 21.8% 0.10 2.9% 2.0% 0.11
Netherlands 14.7% 20.0% 0.52 13.1% 19.0% 0.46 1.6% 1.0% 0.06
Norway 13.6% 24.9% 0.38 13.3% 25.9% 0.35 0.2% -1.0% 0.02
Singapore 10.1% 31.7% 0.19 9.6% 24.3% 0.22 0.5% 7.3% -0.03
Sweden 14.8% 24.7% 0.42 13.8% 24.9% 0.39 0.9% -0.2% 0.04
Switzerland 11.0% 17.9% 0.38 13.5% 17.3% 0.53 -2.5% 0.6% -0.16
United Kingdom 11.8% 19.8% 0.38 11.5% 17.7% 0.41 0.3% 2.1% -0.03
United States 13.3% 19.1% 0.48 12.0% 15.2% 0.51 1.3% 3.9% -0.04
Arithmetic average: 12.5% 22.6% 0.38 11.6% 21.8% 0.35 0.9% 0.8% 0.03

Full Sample, United States, 1926–2014
United States 11.8% 27.2% 0.31 9.8% 18.4% 0.34 2.1% 8.7% -0.03

Note: Within each country we split stocks into capitalization-weighted large and small portfolios. Following Fama and French (2012), the large stock portfolio 
comprises 90% of the national market, and the small stock portfolio, 10%. The returns shown are the geometric average returns of the small and large stock 
portfolios. The difference columns represent the simple differences of the geometric average return, volatility, and Sharpe ratios.
Source: Research Affiliates, using CRSP/Compustat and Worldscope/Datastream data.
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of small stocks was exceptional in the 1930s. Eugene 
Fama was one of Rolf Banz’s professors at the University 
of Chicago; in fact, as a member of Banz’s dissertation 
committee, he was intimately familiar with Banz’s 
research on the small-cap anomaly.3  Fama and Kenneth 
French included the size premium in their influential 
three-factor model, an analytical advance that opened 
the gate for empirical research into studying factors 
previously unexplained by then-existing theories. Riding 
on the popularity of the Fama–French theory, the size 
premium was soon entrenched in the pantheon of risk 
factors. 

Berk (1997) argued that the size premium observed in 
the data is nothing more than a poor way of value 
investing. Value investing relies on buying cheaply 
priced companies as measured by a ratio of price to 
company fundamentals. Investing based on size, 
measured by company market capitalization, would 
use only the price side of the valuation measure. 
Because it would therefore use only a fraction of the 
relevant information, the strategy is significantly weaker 
than a value strategy that uses prices as they relate to 
company fundamentals. In our view, Berk’s argument 
is, to date, the strongest explanation why the size 
premium is observed. 

However, we go one step further. If Berk questioned the 
size premium as a separate factor, we question the size 

premium as a phenomenon. Today, more than 30 years 
after the initial publication of Banz’s paper, the empirical 
evidence is extremely weak even before adjusting for 
possible biases. The return premium is not statistically 
significant in any of the international markets, whether 
taken alone or in combination. The U.S. long-term size 
premium is driven by the extreme outliers, which 
occurred three-quarters of a century ago. These 
extreme outliers confound the standard techniques of 
setting confidence bounds around the estimated 
premium. Finally, adjusting for biases, most notably the 
delisting bias, makes the size premium vanish. If the 
size premium were discovered today, rather than in the 
1980s, it would be challenging to even publish a paper 
documenting that small stocks outperform large ones. 
All this evidence makes us question the existence of 
the size premium as such.

We are not arguing that investors should completely 
abandon small stocks. Small stocks are more volatile 
than large stocks, and they receive considerably less 
attention from sell-side analysts. Consequently, small 
stocks are more likely to be mispriced. The major 
anomalies are, in fact, stronger in the small-cap sector. 
Small stocks are more attractive as an alpha pool to be 
fished by skillful active managers and exploited by rules-
based value and momentum strategies.

Endnotes
1. The authors argue further that “a newly discovered 

factor today should have a t-ratio that exceeds 3.0.” 
Page 35.

2. This result relies on the central limit theorem, which 
says that, as the number of random observations in-
creases, the arithmetic average converges to a normal 
distribution. If the observations include extreme outli-
ers, the convergence can be either extremely slow or 
may not occur at all.

3. Fox (2009), page 204.
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Dividend Value Cap

Company Ticker Yield Line IBES Zacks ($Millions) Weight Product Mkt. Cap. Weight Product Mkt. Cap. Weight Product Mkt. Cap. Weight Product

(a) (b) (c) (d) (b) (b)

1 3M Company MMM 2.5% 8.5% 8.91% 9.67% 113,478 0.006375 0.000158  113,478       0.006670 0.000567   113,478       0.006557 0.000584     113,478          0.006375 0.000616  

2 Abbott Laboratories ABT 2.4% 7.5% 11.24% 10.77% 75,462 0.004239 0.000103  75,462         0.004436 0.000333   75,462         0.004361 0.000490     75,462            0.004239 0.000457  

3 AbbVie Inc. ABBV 3.9% 11.5% 14.61% 14.89% 103,710 0.005826 0.000229  103,710       0.006096 0.000701   103,710       0.005993 0.000876     103,710          0.005826 0.000868  

4 Accenture PLC ACN 2.1% 8.0% 9.42% 10.33% 72,432 0.004069 0.000084  72,432         0.004258 0.000341   72,432         0.004186 0.000394     72,432            0.004069 0.000420  

5 Activision Blizzard, Inc ATVI 0.6% 8.5% 16.13% 16.19% 37,111 0.002085 0.000013  37,111         0.002181 0.000185   37,111         0.002145 0.000346     37,111            0.002085 0.000338  

6 Acuity Brands Inc AYI 0.3% 19.0% 20.00% 19.67% 7,609 0.000427 0.000001  7,609           0.000447 0.000085   7,609           0.000440 0.000088     7,609              0.000427 0.000084  

7 Advance Auto Parts Inc AAP 0.2% 11.5% 12.52% 10.29% 10,524 0.000591 0.000001  10,524         0.000619 0.000071   10,524         0.000608 0.000076     10,524            0.000591 0.000061  

8 Aetna Inc. AET 0.8% 8.0% 13.28% 11.25% 45,313 0.002546 0.000020  45,313         0.002664 0.000213   45,313         0.002618 0.000348     45,313            0.002546 0.000286  

9 Affiliated Managers GrouAMG 0.5% 8.5% 14.01% 12.82% 9,092 0.000511 0.000003  9,092           0.000534 0.000045   9,092           0.000525 0.000074     9,092              0.000511 0.000065  

10 Aflac Incorporated AFL 2.4% 4.0% 6.87% 5.00% 29,266 0.001644 0.000039  29,266         0.001720 0.000069   29,266         0.001691 0.000116     29,266            0.001644 0.000082  

11 Agilent Technologies, IncA 1.0% 6.5% 10.43% 9.65% 17,130 0.000962 0.000010  17,130         0.001007 0.000065   17,130         0.000990 0.000103     17,130            0.000962 0.000093  

12 Air Products and ChemicAPD 2.8% 10.5% ‐0.30% 8.83% 29,416 0.001652 0.000046  29,416         0.001729 0.000182   29,416         0.001700 (0.000005)    29,416            0.001652 0.000146  

13 Alaska Air Group, Inc. ALK 1.3% 13.0% 10.00% 11.37% 11,062 0.000621 0.000008  11,062         0.000650 0.000085   11,062         0.000639 0.000064     11,062            0.000621 0.000071  

14 Albemarle Corporation ALB 1.2% 11.0% 9.08% 13.80% 11,743 0.000660 0.000008  11,743         0.000690 0.000076   11,743         0.000679 0.000062     11,743            0.000660 0.000091  

15 Alexandria Real Estate EqARE 3.0% NA 0.10% 6.09% 10,205 0.000573 0.000017  ‐‐ ‐‐ ‐‐ 10,205         0.000590 0.000001     10,205            0.000573 0.000035  

16 Allegion PLC ALLE 0.9% 10.0% 13.00% 13.53% 7,132 0.000401 0.000003  7,132           0.000419 0.000042   7,132           0.000412 0.000054     7,132              0.000401 0.000054  

17 Allergan PLC. AGN 0.3% 10.0% 13.81% 13.42% 79,983 0.004493 0.000013  79,983         0.004702 0.000470   79,983         0.004622 0.000638     79,983            0.004493 0.000603  

18 Alliance Data Systems CoADS 0.8% 10.0% 12.29% 13.80% 14,169 0.000796 0.000007  14,169         0.000833 0.000083   14,169         0.000819 0.000101     14,169            0.000796 0.000110  

19 Alliant Energy CorporatioLNT 3.2% 6.5% 6.35% 5.50% 9,078 0.000510 0.000016  9,078           0.000534 0.000035   9,078           0.000525 0.000033     9,078              0.000510 0.000028  

20 Allstate Corporation (TheALL 1.8% 5.5% 14.85% 8.00% 29,736 0.001670 0.000030  29,736         0.001748 0.000096   29,736         0.001718 0.000255     29,736            0.001670 0.000134  

21 Altria Group MO 3.4% 9.5% 7.87% 7.28% 138,513 0.007781 0.000266  138,513       0.008142 0.000773   138,513       0.008004 0.000630     138,513          0.007781 0.000566  

22 Ameren Corporation AEE 3.2% 6.0% 5.85% 6.50% 13,275 0.000746 0.000024  13,275         0.000780 0.000047   13,275         0.000767 0.000045     13,275            0.000746 0.000048  

23 American Electric Power AEP 3.5% 4.0% 2.40% 5.63% 33,250 0.001868 0.000065  33,250         0.001954 0.000078   33,250         0.001921 0.000046     33,250            0.001868 0.000105  

24 American Express CompaAXP 1.6% 4.5% 6.54% 8.67% 70,122 0.003939 0.000065  70,122         0.004122 0.000185   70,122         0.004052 0.000265     70,122            0.003939 0.000342  

25 American International GAIG 2.1% 10.0% 46.70% 10.67% 60,576 0.003403 0.000070  60,576         0.003561 0.000356   60,576         0.003500 0.001635     60,576            0.003403 0.000363  

26 American Tower CorporaAMT 1.9% 11.0% 20.09% 13.15% 52,096 0.002927 0.000056  52,096         0.003062 0.000337   52,096         0.003010 0.000605     52,096            0.002927 0.000385  

27 American Water Works AWK 1.9% 8.0% 7.40% 7.39% 13,852 0.000778 0.000015  13,852         0.000814 0.000065   13,852         0.000800 0.000059     13,852            0.000778 0.000058  

28 AmerisourceBergen CorpABC 1.7% 10.0% 9.34% 10.09% 19,042 0.001070 0.000018  19,042         0.001119 0.000112   19,042         0.001100 0.000103     19,042            0.001070 0.000108  

29 Amgen Inc. AMGN 2.8% 7.5% 6.57% 6.49% 119,490 0.006713 0.000191  119,490       0.007024 0.000527   119,490       0.006905 0.000454     119,490          0.006713 0.000436  

30 Amphenol Corporation APH 0.9% 8.0% 7.04% 6.42% 21,515 0.001209 0.000011  21,515         0.001265 0.000101   21,515         0.001243 0.000088     21,515            0.001209 0.000078  

31 AMTEK, Inc. AME 0.7% 6.0% 10.67% 11.81% 12,469 0.000700 0.000005  12,469         0.000733 0.000044   12,469         0.000721 0.000077     12,469            0.000700 0.000083  

32 Anadarko Petroleum CorAPC 0.3% NA 8.40% 9.33% 35,137 0.001974 0.000006  ‐‐ ‐‐ ‐‐ 35,137         0.002030 0.000171     35,137            0.001974 0.000184  

33 Analog Devices, Inc. ADI 2.2% 16.0% 10.31% 10.40% 29,324 0.001647 0.000037  29,324         0.001724 0.000276   29,324         0.001695 0.000175     29,324            0.001647 0.000171  

34 Anthem, Inc. ANTM 1.6% 9.0% 11.06% 10.10% 43,956 0.002469 0.000039  43,956         0.002584 0.000233   43,956         0.002540 0.000281     43,956            0.002469 0.000249  

35 Aon PLC AON 1.1% 12.0% 8.97% 11.25% 31,352 0.001761 0.000020  31,352         0.001843 0.000221   31,352         0.001812 0.000163     31,352            0.001761 0.000198  

36 Apache Corporation APA 1.9% 7.0% ‐10.60% 6.00% 20,144 0.001132 0.000021  20,144         0.001184 0.000083   20,144         0.001164 (0.000123)    20,144            0.001132 0.000068  

37 Apartment Investment anAIV 3.2% NA 7.10% 7.06% 7,044 0.000396 0.000013  ‐‐ ‐‐ ‐‐ 7,044           0.000407 0.000029     7,044              0.000396 0.000028  

38 Apple Inc. AAPL 1.6% 10.0% 9.25% 9.86% 753,718 0.042342 0.000673  753,718       0.044304 0.004430   753,718       0.043555 0.004029     753,718          0.042342 0.004175  

39 Applied Materials, Inc. AMAT 1.0% 23.0% 21.62% 15.52% 41,660 0.002340 0.000024  41,660         0.002449 0.000563   41,660         0.002407 0.000520     41,660            0.002340 0.000363  

40 Archer‐Daniels‐Midland  ADM 2.8% 5.0% 13.29% 20.29% 25,823 0.001451 0.000041  25,823         0.001518 0.000076   25,823         0.001492 0.000198     25,823            0.001451 0.000294  

41 Arthur J. Gallagher & Co.AJG 2.8% 13.5% 11.32% 9.30% 10,122 0.000569 0.000016  10,122         0.000595 0.000080   10,122         0.000585 0.000066     10,122            0.000569 0.000053  

42 AT&T Inc. T 4.8% 5.5% 7.40% 4.80% 249,348 0.014008 0.000677  249,348       0.014657 0.000806   249,348       0.014409 0.001066     249,348          0.014008 0.000672  

43 Automatic Data ProcessinADP 2.2% 10.0% 11.52% 10.40% 45,676 0.002566 0.000057  45,676         0.002685 0.000268   45,676         0.002639 0.000304     45,676            0.002566 0.000267  

44 AvalonBay Communities AVB 3.1% NA 4.73% 7.37% 25,548 0.001435 0.000044  ‐‐ ‐‐ ‐‐ 25,548         0.001476 0.000070     25,548            0.001435 0.000106  

45 Avery Dennison CorporaAVY 2.1% 9.0% 10.48% 7.00% 7,090 0.000398 0.000008  7,090           0.000417 0.000038   7,090           0.000410 0.000043     7,090              0.000398 0.000028  

46 Baker Hughes Incorporat BHI 1.1% NA 45.90% 7.00% 25,921 0.001456 0.000016  ‐‐ ‐‐ ‐‐ 25,921         0.001498 0.000688     25,921            0.001456 0.000102  

47 Ball Corporation BLL 0.7% 14.5% 8.97% 12.00% 12,675 0.000712 0.000005  12,675         0.000745 0.000108   12,675         0.000732 0.000066     12,675            0.000712 0.000085  

48 Bank of America CorporaBAC 1.3% 17.0% 10.84% 8.50% 233,184 0.013100 0.000169  233,184       0.013707 0.002330   233,184       0.013475 0.001461     233,184          0.013100 0.001113  

49 Bank Of New York Mello BK 1.6% 10.5% 11.20% 8.00% 48,996 0.002752 0.000044  48,996         0.002880 0.000302   48,996         0.002831 0.000317     48,996            0.002752 0.000220  

50 Baxter International Inc. BAX 1.0% ‐2.5% 14.43% 12.58% 28,469 0.001599 0.000016  28,469         0.001673 (0.000042)  28,469         0.001645 0.000237     28,469            0.001599 0.000201  

51 BB&T Corporation BBT 2.7% 7.5% 5.28% 6.14% 35,825 0.002013 0.000055  35,825         0.002106 0.000158   35,825         0.002070 0.000109     35,825            0.002013 0.000124  

52 Becton, Dickinson and CoBDX 1.6% 9.0% 10.16% 9.94% 39,032 0.002193 0.000035  39,032         0.002294 0.000206   39,032         0.002256 0.000229     39,032            0.002193 0.000218  

53 Bed Bath & Beyond Inc. BBBY 1.3% 2.5% 6.33% 7.25% 5,874 0.000330 0.000004  5,874           0.000345 0.000009   5,874           0.000339 0.000021     5,874              0.000330 0.000024  

54 Best Buy Co., Inc. BBY 2.8% 9.5% 10.97% 10.54% 14,834 0.000833 0.000024  14,834         0.000872 0.000083   14,834         0.000857 0.000094     14,834            0.000833 0.000088  

55 BlackRock, Inc. BLK 2.6% 7.5% 11.60% 11.41% 62,320 0.003501 0.000091  62,320         0.003663 0.000275   62,320         0.003601 0.000418     62,320            0.003501 0.000399  

56 Boeing Company (The) BA 3.2% 7.0% 14.70% 13.00% 107,856 0.006059 0.000194  107,856       0.006340 0.000444   107,856       0.006233 0.000916     107,856          0.006059 0.000788  

57 BorgWarner Inc. BWA 1.5% 6.0% 7.63% 8.60% 8,086 0.000454 0.000007  8,086           0.000475 0.000029   8,086           0.000467 0.000036     8,086              0.000454 0.000039  

58 Boston Properties, Inc. BXP 2.2% NA 2.69% 5.72% 20,700 0.001163 0.000026  ‐‐ ‐‐ ‐‐ 20,700         0.001196 0.000032     20,700            0.001163 0.000067  

59 Bristol‐Myers Squibb ComBMY 2.9% 16.5% 13.62% 11.32% 87,795 0.004932 0.000145  87,795         0.005161 0.000852   87,795         0.005073 0.000691     87,795            0.004932 0.000558  

60 Broadcom Limited AVGO 1.9% 19.5% 15.00% 13.60% 87,296 0.004904 0.000092  87,296         0.005131 0.001001   87,296         0.005045 0.000757     87,296            0.004904 0.000667  

61 C.H. Robinson WorldwidCHRW 2.4% 6.5% 7.28% 9.40% 10,815 0.000608 0.000014  10,815         0.000636 0.000041   10,815         0.000625 0.000045     10,815            0.000608 0.000057  

62 C.R. Bard, Inc. BCR 0.4% 10.5% 11.35% 10.40% 18,008 0.001012 0.000004  18,008         0.001059 0.000111   18,008         0.001041 0.000118     18,008            0.001012 0.000105  

63 CA Inc. CA 3.2% 6.5% 0.60% 5.00% 13,292 0.000747 0.000024  13,292         0.000781 0.000051   13,292         0.000768 0.000005     13,292            0.000747 0.000037  

64 Cabot Oil & Gas CorporatCOG 0.3% 32.5% NA 30.00% 11,633 0.000654 0.000002  11,633         0.000684 0.000222   ‐‐ ‐‐ ‐‐ 11,633            0.000654 0.000196  

65 Campbell Soup CompanyCPB 2.5% 5.5% 4.71% 5.34% 17,225 0.000968 0.000024  17,225         0.001012 0.000056   17,225         0.000995 0.000047     17,225            0.000968 0.000052  

66 Capital One Financial CorCOF 1.9% 2.5% 7.08% 8.32% 40,658 0.002284 0.000043  40,658         0.002390 0.000060   40,658         0.002350 0.000166     40,658            0.002284 0.000190  

67 Cardinal Health, Inc. CAH 2.2% 13.0% 9.21% 9.36% 26,091 0.001466 0.000032  26,091         0.001534 0.000199   26,091         0.001508 0.000139     26,091            0.001466 0.000137  

68 Carnival Corporation CCL 2.4% 15.5% 13.46% 13.97% 31,646 0.001778 0.000042  31,646         0.001860 0.000288   31,646         0.001829 0.000246     31,646            0.001778 0.000248  

69 Caterpillar, Inc. CAT 3.2% 4.5% 26.17% 9.50% 56,197 0.003157 0.000101  56,197         0.003303 0.000149   56,197         0.003247 0.000850     56,197            0.003157 0.000300  

70 CBOE Holdings, Inc. CBOE 1.3% 9.5% 19.08% 16.05% 8,986 0.000505 0.000006  8,986           0.000528 0.000050   8,986           0.000519 0.000099     8,986              0.000505 0.000081  

71 CBS Corporation CBS 1.1% 13.0% 16.13% 13.37% 28,209 0.001585 0.000017  28,209         0.001658 0.000216   28,209         0.001630 0.000263     28,209            0.001585 0.000212  

72 CenterPoint Energy, Inc. CNP 3.8% 6.0% 6.07% 5.00% 12,024 0.000675 0.000026  12,024         0.000707 0.000042   12,024         0.000695 0.000042     12,024            0.000675 0.000034  

73 CenturyLink, Inc. CTL 8.8% 10.5% 0.03% ‐2.65% 13,369 0.000751 0.000066  13,369         0.000786 0.000083   13,369         0.000773 0.000000     13,369            0.000751 (0.000020) 

74 CF Industries Holdings, I CF 4.1% 10.0% NA ‐1.23% 6,916 0.000389 0.000016  6,916           0.000407 0.000041   ‐‐ ‐‐ ‐‐ 6,916              0.000389 (0.000005) 

75 Chevron Corporation CVX 4.0% 3.0% NA 7.00% 206,897 0.011623 0.000459  206,897       0.012162 0.000365   ‐‐ ‐‐ ‐‐ 206,897          0.011623 0.000814  

76 Church & Dwight CompaCHD 1.5% 7.0% 7.73% 8.92% 12,641 0.000710 0.000011  12,641         0.000743 0.000052   12,641         0.000730 0.000056     12,641            0.000710 0.000063  

77 Cigna Corporation CI 0.0% 11.5% 13.17% 11.94% 38,811 0.002180 0.000001  38,811         0.002281 0.000262   38,811         0.002243 0.000295     38,811            0.002180 0.000260  

78 Cintas Corporation CTAS 1.1% 8.0% 12.00% 10.50% 12,961 0.000728 0.000008  12,961         0.000762 0.000061   12,961         0.000749 0.000090     12,961            0.000728 0.000076  

79 Cisco Systems, Inc. CSCO 3.5% 7.0% 10.04% 7.59% 165,660 0.009306 0.000327  165,660       0.009738 0.000682   165,660       0.009573 0.000961     165,660          0.009306 0.000706  

80 Citigroup Inc. C 1.1% 11.5% 7.26% 9.15% 165,588 0.009302 0.000100  165,588       0.009733 0.001119   165,588       0.009569 0.000695     165,588          0.009302 0.000851  

81 Citizens Financial Group,CFG 1.6% NA 16.41% 19.00% 17,786 0.000999 0.000016  ‐‐ ‐‐ ‐‐ 17,786         0.001028 0.000169     17,786            0.000999 0.000190  

82 Clorox Company (The) CLX 2.4% 7.5% 6.97% 6.99% 17,053 0.000958 0.000023  17,053         0.001002 0.000075   17,053         0.000985 0.000069     17,053            0.000958 0.000067  

83 CME Group Inc. CME 2.2% 10.0% 8.92% 10.00% 40,014 0.002248 0.000050  40,014         0.002352 0.000235   40,014         0.002312 0.000206     40,014            0.002248 0.000225  

84 CMS Energy CorporationCMS 3.0% 6.5% 7.45% 6.00% 12,629 0.000709 0.000021  12,629         0.000742 0.000048   12,629         0.000730 0.000054     12,629            0.000709 0.000043  

85 Coach, Inc. COH 3.4% 9.5% 9.92% 10.64% 11,236 0.000631 0.000021  11,236         0.000660 0.000063   11,236         0.000649 0.000064     11,236            0.000631 0.000067  

86 Coca‐Cola Company (TheKO 3.5% 4.0% 3.01% 5.74% 183,140 0.010288 0.000357  183,140       0.010765 0.000431   183,140       0.010583 0.000319     183,140          0.010288 0.000591  

87 Colgate‐Palmolive Comp CL 2.1% 12.0% 8.73% 9.30% 64,662 0.003632 0.000077  64,662         0.003801 0.000456   64,662         0.003737 0.000326     64,662            0.003632 0.000338  

88 Comcast Corporation CMCSA 1.7% 11.0% 11.74% 10.41% 181,179 0.010178 0.000168  181,179       0.010650 0.001171   181,179       0.010470 0.001229     181,179          0.010178 0.001060  

89 Comerica Incorporated CMA 1.4% 10.5% 22.27% 8.00% 11,991 0.000674 0.000009  11,991         0.000705 0.000074   11,991         0.000693 0.000154     11,991            0.000674 0.000054  

90 ConAgra Foods Inc. CAG 2.0% 1.0% 12.95% 8.00% 17,224 0.000968 0.000019  17,224         0.001012 0.000010   17,224         0.000995 0.000129     17,224            0.000968 0.000077  

91 ConocoPhillips COP 2.1% 9.5% ‐39.00% 11.86% 61,618 0.003461 0.000074  61,618         0.003622 0.000344   61,618         0.003561 (0.001389)    61,618            0.003461 0.000411  

92 Consolidated Edison Inc ED 3.5% 3.0% 3.50% 3.07% 23,912 0.001343 0.000047  23,912         0.001406 0.000042   23,912         0.001382 0.000048     23,912            0.001343 0.000041  

93 Constellation Brands Inc STZ 0.9% 16.5% 15.96% 19.03% 33,677 0.001892 0.000018  33,677         0.001980 0.000327   33,677         0.001946 0.000311     33,677            0.001892 0.000360  

94 Cooper Companies, Inc. ( COO 0.0% 16.5% 13.00% 11.60% 9,642 0.000542 0.000000  9,642           0.000567 0.000094   9,642           0.000557 0.000072     9,642              0.000542 0.000063  
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95 Corning Incorporated GLW 2.3% 10.5% 8.90% 6.73% 24,826 0.001395 0.000032  24,826         0.001459 0.000153   24,826         0.001435 0.000128     24,826            0.001395 0.000094  

96 Costco Wholesale CorporCOST 1.1% 10.0% 10.09% 10.71% 74,629 0.004192 0.000044  74,629         0.004387 0.000439   74,629         0.004313 0.000435     74,629            0.004192 0.000449  

97 Coty Inc. COTY 2.9% 8.0% ‐5.00% 9.52% 12,918 0.000726 0.000021  12,918         0.000759 0.000061   12,918         0.000746 (0.000037)    12,918            0.000726 0.000069  

98 Crown Castle InternationCCI 4.0% 8.5% 21.15% 2.45% 34,105 0.001916 0.000077  34,105         0.002005 0.000170   34,105         0.001971 0.000417     34,105            0.001916 0.000047  

99 CSRA Inc. CSRA 1.4% NA 10.00% 10.00% 4,572 0.000257 0.000004  ‐‐ ‐‐ ‐‐ 4,572           0.000264 0.000026     4,572              0.000257 0.000026  

100 CSX Corporation CSX 1.5% 6.5% 12.02% 13.75% 44,042 0.002474 0.000037  44,042         0.002589 0.000168   44,042         0.002545 0.000306     44,042            0.002474 0.000340  

101 Cummins Inc. CMI 2.7% 5.5% NA 9.84% 25,192 0.001415 0.000039  25,192         0.001481 0.000081   ‐‐ ‐‐ ‐‐ 25,192            0.001415 0.000139  

102 CVS Health Corporation CVS 2.6% 9.5% 11.66% 9.81% 79,766 0.004481 0.000117  79,766         0.004689 0.000445   79,766         0.004609 0.000537     79,766            0.004481 0.000440  

103 D.R. Horton, Inc. DHI 1.2% 11.0% 9.40% 10.97% 12,431 0.000698 0.000008  12,431         0.000731 0.000080   12,431         0.000718 0.000068     12,431            0.000698 0.000077  

104 D/B/A Chubb Limited NeCB 2.1% 7.5% 5.03% 10.00% 64,297 0.003612 0.000074  64,297         0.003779 0.000283   64,297         0.003715 0.000187     64,297            0.003612 0.000361  

105 Danaher Corporation DHR 0.7% 8.0% 9.48% 11.84% 59,776 0.003358 0.000022  59,776         0.003514 0.000281   59,776         0.003454 0.000327     59,776            0.003358 0.000398  

106 Darden Restaurants, Inc. DRI 2.7% 14.5% 11.72% 10.41% 10,367 0.000582 0.000016  10,367         0.000609 0.000088   10,367         0.000599 0.000070     10,367            0.000582 0.000061  

107 Deere & Company DE 2.2% 5.0% 20.06% 7.58% 35,151 0.001975 0.000043  35,151         0.002066 0.000103   35,151         0.002031 0.000407     35,151            0.001975 0.000150  

108 Delphi Automotive PLC DLPH 1.5% 14.0% 12.17% 13.54% 20,229 0.001136 0.000018  20,229         0.001189 0.000166   20,229         0.001169 0.000142     20,229            0.001136 0.000154  

109 Delta Air Lines, Inc. DAL 1.8% 11.5% NA 9.44% 33,075 0.001858 0.000033  33,075         0.001944 0.000224   ‐‐ ‐‐ ‐‐ 33,075            0.001858 0.000175  

110 DENTSPLY SIRONA Inc.XRAY 0.6% 8.5% 8.39% 9.41% 14,479 0.000813 0.000005  14,479         0.000851 0.000072   14,479         0.000837 0.000070     14,479            0.000813 0.000077  

111 Devon Energy CorporatioDVN 0.6% 4.5% 2.28% 11.25% 22,495 0.001264 0.000007  22,495         0.001322 0.000060   22,495         0.001300 0.000030     22,495            0.001264 0.000142  

112 Digital Realty Trust, Inc. DLR 3.4% NA 35.69% 5.93% 17,258 0.000970 0.000033  ‐‐ ‐‐ ‐‐ 17,258         0.000997 0.000356     17,258            0.000970 0.000057  

113 Discover Financial ServiceDFS 1.8% 5.0% 8.84% 7.53% 25,541 0.001435 0.000026  25,541         0.001501 0.000075   25,541         0.001476 0.000130     25,541            0.001435 0.000108  

114 Dollar General CorporatioDG 1.4% 11.0% 7.31% 10.85% 19,133 0.001075 0.000015  19,133         0.001125 0.000124   19,133         0.001106 0.000081     19,133            0.001075 0.000117  

115 Dominion Resources, Inc.D 3.9% 5.5% 4.41% 6.00% 49,134 0.002760 0.000107  49,134         0.002888 0.000159   49,134         0.002839 0.000125     49,134            0.002760 0.000166  

116 Dover Corporation DOV 2.2% 2.0% 11.99% 11.25% 12,552 0.000705 0.000015  12,552         0.000738 0.000015   12,552         0.000725 0.000087     12,552            0.000705 0.000079  

117 Dow Chemical CompanyDOW 2.9% 8.0% 6.98% 6.88% 77,545 0.004356 0.000126  77,545         0.004558 0.000365   77,545         0.004481 0.000313     77,545            0.004356 0.000300  

118 Dr Pepper Snapple GroupDPS 2.4% 9.0% 8.73% 9.54% 17,688 0.000994 0.000024  17,688         0.001040 0.000094   17,688         0.001022 0.000089     17,688            0.000994 0.000095  

119 DTE Energy Company DTE 3.2% 5.0% 5.05% 5.95% 18,472 0.001038 0.000033  18,472         0.001086 0.000054   18,472         0.001067 0.000054     18,472            0.001038 0.000062  

120 Duke Energy CorporationDUK 4.1% 4.5% 2.55% 5.03% 57,803 0.003247 0.000134  57,803         0.003398 0.000153   57,803         0.003340 0.000085     57,803            0.003247 0.000163  

121 Dun & Bradstreet CorporDNB 1.9% 2.5% 4.95% 8.00% 3,942 0.000221 0.000004  3,942           0.000232 0.000006   3,942           0.000228 0.000011     3,942              0.000221 0.000018  

122 E.I. du Pont de Nemours DD 1.9% 8.0% 6.79% 7.88% 69,719 0.003917 0.000074  69,719         0.004098 0.000328   69,719         0.004029 0.000274     69,719            0.003917 0.000309  

123 Eastman Chemical CompEMN 2.5% 8.0% 7.00% 7.70% 11,697 0.000657 0.000017  11,697         0.000688 0.000055   11,697         0.000676 0.000047     11,697            0.000657 0.000051  

124 Eaton Corporation, PLC ETN 3.2% 5.5% 9.48% 8.82% 33,521 0.001883 0.000060  33,521         0.001970 0.000108   33,521         0.001937 0.000184     33,521            0.001883 0.000166  

125 Ecolab Inc. ECL 1.2% 8.0% 11.98% 13.25% 36,318 0.002040 0.000024  36,318         0.002135 0.000171   36,318         0.002099 0.000251     36,318            0.002040 0.000270  

126 Edison International EIX 2.7% 3.5% 4.80% 6.33% 26,215 0.001473 0.000040  26,215         0.001541 0.000054   26,215         0.001515 0.000073     26,215            0.001473 0.000093  

127 Eli Lilly and Company LLY 2.4% 11.0% 12.32% 11.92% 94,182 0.005291 0.000129  94,182         0.005536 0.000609   94,182         0.005442 0.000671     94,182            0.005291 0.000631  

128 Emerson Electric CompanEMR 3.2% 5.0% 8.35% 7.46% 38,504 0.002163 0.000070  38,504         0.002263 0.000113   38,504         0.002225 0.000186     38,504            0.002163 0.000161  

129 Entergy Corporation ETR 4.6% ‐2.5% ‐5.96% 1.30% 13,670 0.000768 0.000035  13,670         0.000804 (0.000020)  13,670         0.000790 (0.000047)    13,670            0.000768 0.000010  

130 EOG Resources, Inc. EOG 0.7% 7.5% NA 9.00% 56,590 0.003179 0.000022  56,590         0.003326 0.000249   ‐‐ ‐‐ ‐‐ 56,590            0.003179 0.000286  

131 EQT Corporation EQT 0.2% 22.0% 23.60% 24.80% 11,005 0.000618 0.000001  11,005         0.000647 0.000142   11,005         0.000636 0.000150     11,005            0.000618 0.000153  

132 Equifax, Inc. EFX 1.2% 10.5% 11.00% 11.00% 16,428 0.000923 0.000011  16,428         0.000966 0.000101   16,428         0.000949 0.000104     16,428            0.000923 0.000102  

133 Equinix, Inc. EQIX 2.0% 19.5% 18.77% 16.30% 31,160 0.001750 0.000035  31,160         0.001832 0.000357   31,160         0.001801 0.000338     31,160            0.001750 0.000285  

134 Equity Residential EQR 3.2% NA ‐2.23% 6.09% 23,090 0.001297 0.000042  ‐‐ ‐‐ ‐‐ 23,090         0.001334 (0.000030)    23,090            0.001297 0.000079  

135 Essex Property Trust, Inc.ESS 3.0% NA 6.45% 5.82% 15,225 0.000855 0.000026  ‐‐ ‐‐ ‐‐ 15,225         0.000880 0.000057     15,225            0.000855 0.000050  

136 Estee Lauder Companies,EL 1.6% 8.5% 9.18% 10.10% 30,914 0.001737 0.000028  30,914         0.001817 0.000154   30,914         0.001786 0.000164     30,914            0.001737 0.000175  

137 Eversource Energy ES 3.2% 7.0% 6.01% 6.33% 18,867 0.001060 0.000034  18,867         0.001109 0.000078   18,867         0.001090 0.000066     18,867            0.001060 0.000067  

138 Exelon Corporation EXC 3.6% 6.0% 1.53% 5.59% 33,607 0.001888 0.000068  33,607         0.001975 0.000119   33,607         0.001942 0.000030     33,607            0.001888 0.000106  

139 Expedia, Inc. EXPE 0.9% 21.5% 22.56% 21.80% 18,826 0.001058 0.000009  18,826         0.001107 0.000238   18,826         0.001088 0.000245     18,826            0.001058 0.000231  

140 Expeditors International oEXPD 1.4% 8.5% 6.14% 9.33% 10,204 0.000573 0.000008  10,204         0.000600 0.000051   10,204         0.000590 0.000036     10,204            0.000573 0.000053  

141 Extra Space Storage Inc EXR 4.0% NA 8.00% 7.67% 9,782 0.000550 0.000022  ‐‐ ‐‐ ‐‐ 9,782           0.000565 0.000045     9,782              0.000550 0.000042  

142 Exxon Mobil CorporationXOM 3.6% 11.5% 32.80% 4.57% 344,202 0.019336 0.000698  344,202       0.020233 0.002327   344,202       0.019890 0.006524     344,202          0.019336 0.000884  

143 Fastenal Company FAST 2.5% 6.5% 11.72% 16.33% 14,738 0.000828 0.000021  14,738         0.000866 0.000056   14,738         0.000852 0.000100     14,738            0.000828 0.000135  

144 Federal Realty InvestmenFRT 2.9% NA 5.00% 4.87% 9,607 0.000540 0.000016  ‐‐ ‐‐ ‐‐ 9,607           0.000555 0.000028     9,607              0.000540 0.000026  

145 FedEx Corporation FDX 0.8% 11.0% 11.72% 12.40% 52,403 0.002944 0.000024  52,403         0.003080 0.000339   52,403         0.003028 0.000355     52,403            0.002944 0.000365  

146 Fidelity National InformaFIS 1.5% 14.5% 13.21% 12.00% 26,171 0.001470 0.000021  26,171         0.001538 0.000223   26,171         0.001512 0.000200     26,171            0.001470 0.000176  

147 Fifth Third Bancorp FITB 2.2% 3.0% 4.77% 7.80% 18,901 0.001062 0.000024  18,901         0.001111 0.000033   18,901         0.001092 0.000052     18,901            0.001062 0.000083  

148 FirstEnergy Corporation FE 4.5% 5.0% ‐7.32% ‐0.40% 14,092 0.000792 0.000036  14,092         0.000828 0.000041   14,092         0.000814 (0.000060)    14,092            0.000792 (0.000003) 

149 FLIR Systems, Inc. FLIR 1.7% 7.5% 15.95% 15.00% 4,871 0.000274 0.000005  4,871           0.000286 0.000021   4,871           0.000282 0.000045     4,871              0.000274 0.000041  

150 Flowserve Corporation FLS 1.6% 2.5% 15.20% 12.56% 6,368 0.000358 0.000006  6,368           0.000374 0.000009   6,368           0.000368 0.000056     6,368              0.000358 0.000045  

151 Fluor Corporation FLR 1.6% 4.5% 14.05% 14.38% 7,311 0.000411 0.000007  7,311           0.000430 0.000019   7,311           0.000422 0.000059     7,311              0.000411 0.000059  

152 FMC Corporation FMC 0.9% 8.5% ‐11.58% 10.88% 9,769 0.000549 0.000005  9,769           0.000574 0.000049   9,769           0.000565 (0.000065)    9,769              0.000549 0.000060  

153 Foot Locker, Inc. FL 1.5% 9.5% 9.29% 9.71% 9,487 0.000533 0.000008  9,487           0.000558 0.000053   9,487           0.000548 0.000051     9,487              0.000533 0.000052  

154 Ford Motor Company F 5.3% 3.0% 2.93% 8.22% 44,790 0.002516 0.000134  44,790         0.002633 0.000079   44,790         0.002588 0.000076     44,790            0.002516 0.000207  

155 Fortive Corporation FTV 0.5% NA 5.68% 8.43% 20,958 0.001177 0.000005  ‐‐ ‐‐ ‐‐ 20,958         0.001211 0.000069     20,958            0.001177 0.000099  

156 Fortune Brands Home & SFBHS 1.2% 13.5% 9.55% 11.61% 9,494 0.000533 0.000006  9,494           0.000558 0.000075   9,494           0.000549 0.000052     9,494              0.000533 0.000062  

157 Franklin Resources, Inc. BEN 1.9% 6.0% ‐4.58% 9.75% 23,721 0.001333 0.000025  23,721         0.001394 0.000084   23,721         0.001371 (0.000063)    23,721            0.001333 0.000130  

158 Gap, Inc. (The) GPS 3.8% ‐0.5% 6.71% 8.75% 9,625 0.000541 0.000021  9,625           0.000566 (0.000003)  9,625           0.000556 0.000037     9,625              0.000541 0.000047  

159 Garmin Ltd. GRMN 4.1% 5.0% 1.01% 8.35% 9,920 0.000557 0.000023  9,920           0.000583 0.000029   9,920           0.000573 0.000006     9,920              0.000557 0.000047  

160 General Dynamics CorpoGD 1.8% 5.5% 9.22% 8.51% 56,518 0.003175 0.000057  56,518         0.003322 0.000183   56,518         0.003266 0.000301     56,518            0.003175 0.000270  

161 General Electric CompanyGE 3.2% 12.0% 12.29% 11.08% 260,652 0.014643 0.000470  260,652       0.015321 0.001839   260,652       0.015062 0.001851     260,652          0.014643 0.001622  

162 General Growth PropertieGGP 3.8% NA 5.10% 6.05% 20,355 0.001143 0.000044  ‐‐ ‐‐ ‐‐ 20,355         0.001176 0.000060     20,355            0.001143 0.000069  

163 General Mills, Inc. GIS 3.3% 6.0% 6.43% 7.44% 33,237 0.001867 0.000062  33,237         0.001954 0.000117   33,237         0.001921 0.000123     33,237            0.001867 0.000139  

164 General Motors CompanyGM 4.5% 9.0% ‐4.70% 9.42% 51,470 0.002891 0.000129  51,470         0.003025 0.000272   51,470         0.002974 (0.000140)    51,470            0.002891 0.000272  

165 Genuine Parts Company GPC 3.0% 6.5% 7.60% 4.80% 13,402 0.000753 0.000023  13,402         0.000788 0.000051   13,402         0.000774 0.000059     13,402            0.000753 0.000036  

166 Gilead Sciences, Inc. GILD 3.1% 1.5% ‐4.81% 2.13% 86,905 0.004882 0.000153  86,905         0.005108 0.000077   86,905         0.005022 (0.000242)    86,905            0.004882 0.000104  

167 Global Payments Inc. GPN 0.1% 14.5% 18.20% 14.33% 11,908 0.000669 0.000000  11,908         0.000700 0.000101   11,908         0.000688 0.000125     11,908            0.000669 0.000096  

168 Goldman Sachs Group, InGS 1.1% 9.0% 11.45% 12.68% 90,951 0.005109 0.000058  90,951         0.005346 0.000481   90,951         0.005256 0.000602     90,951            0.005109 0.000648  

169 H&R Block, Inc. HRB 3.7% 10.0% 10.00% 11.67% 4,885 0.000274 0.000010  4,885           0.000287 0.000029   4,885           0.000282 0.000028     4,885              0.000274 0.000032  

170 Halliburton Company HAL 1.4% 8.0% 24.88% 17.50% 43,477 0.002442 0.000035  43,477         0.002556 0.000204   43,477         0.002512 0.000625     43,477            0.002442 0.000427  

171 Hanesbrands Inc. HBI 2.9% 12.5% 10.13% 17.33% 7,718 0.000434 0.000013  7,718           0.000454 0.000057   7,718           0.000446 0.000045     7,718              0.000434 0.000075  

172 Harley‐Davidson, Inc. HOG 2.4% 9.0% 9.30% 10.67% 10,685 0.000600 0.000014  10,685         0.000628 0.000057   10,685         0.000617 0.000057     10,685            0.000600 0.000064  

173 Harris Corporation HRS 1.9% 6.5% 41.80% 4.40% 13,627 0.000766 0.000015  13,627         0.000801 0.000052   13,627         0.000787 0.000329     13,627            0.000766 0.000034  

174 Hartford Financial Servic HIG 1.9% 11.5% 9.38% 9.50% 17,799 0.001000 0.000019  17,799         0.001046 0.000120   17,799         0.001029 0.000096     17,799            0.001000 0.000095  

175 Hasbro, Inc. HAS 2.1% 12.0% 5.30% 10.00% 12,054 0.000677 0.000014  12,054         0.000709 0.000085   12,054         0.000697 0.000037     12,054            0.000677 0.000068  

176 HCP, Inc. HCP 4.7% NA 2.50% 4.84% 14,708 0.000826 0.000039  ‐‐ ‐‐ ‐‐ 14,708         0.000850 0.000021     14,708            0.000826 0.000040  

177 Helmerich & Payne, Inc. HP 4.1% 4.5% 12.00% 3.00% 7,383 0.000415 0.000017  7,383           0.000434 0.000020   7,383           0.000427 0.000051     7,383              0.000415 0.000012  

178 Hershey Company (The) HSY 2.3% 5.5% 8.61% 7.75% 23,128 0.001299 0.000029  23,128         0.001359 0.000075   23,128         0.001336 0.000115     23,128            0.001299 0.000101  

179 Hess Corporation HES 2.1% ‐1.0% ‐27.90% 5.00% 15,269 0.000858 0.000018  15,269         0.000898 (0.000009)  15,269         0.000882 (0.000246)    15,269            0.000858 0.000043  

180 Hewlett Packard EnterpriHPE 1.4% 1.5% ‐9.68% 5.29% 29,872 0.001678 0.000024  29,872         0.001756 0.000026   29,872         0.001726 (0.000167)    29,872            0.001678 0.000089  

181 Home Depot, Inc. (The) HD 2.4% 11.5% 11.58% 12.72% 176,860 0.009935 0.000240  176,860       0.010396 0.001196   176,860       0.010220 0.001183     176,860          0.009935 0.001264  

182 Honeywell International IHON 2.2% 8.5% 6.98% 9.28% 94,200 0.005292 0.000114  94,200         0.005537 0.000471   94,200         0.005443 0.000380     94,200            0.005292 0.000491  

183 Hormel Foods CorporatioHRL 2.0% 13.0% 9.88% 9.50% 18,184 0.001022 0.000020  18,184         0.001069 0.000139   18,184         0.001051 0.000104     18,184            0.001022 0.000097  

184 Host Hotels & Resorts, InHST 4.3% NA 28.40% 5.00% 13,691 0.000769 0.000033  ‐‐ ‐‐ ‐‐ 13,691         0.000791 0.000225     13,691            0.000769 0.000038  

185 HP Inc. HPQ 3.0% ‐6.0% 1.78% 2.59% 29,736 0.001670 0.000050  29,736         0.001748 (0.000105)  29,736         0.001718 0.000031     29,736            0.001670 0.000043  

186 Humana Inc. HUM 0.8% 9.0% 13.27% 13.30% 30,675 0.001723 0.000013  30,675         0.001803 0.000162   30,675         0.001773 0.000235     30,675            0.001723 0.000229  

187 Huntington Bancshares InHBAN 2.4% 8.0% 10.16% 8.06% 14,390 0.000808 0.000020  14,390         0.000846 0.000068   14,390         0.000832 0.000084     14,390            0.000808 0.000065  

188 Illinois Tool Works Inc. ITW 2.0% 10.0% 9.27% 7.50% 45,497 0.002556 0.000051  45,497         0.002674 0.000267   45,497         0.002629 0.000244     45,497            0.002556 0.000192  

189 Ingersoll‐Rand PLC (IrelaIR 1.9% 9.5% 9.03% 8.10% 21,454 0.001205 0.000023  21,454         0.001261 0.000120   21,454         0.001240 0.000112     21,454            0.001205 0.000098  

190 Intel Corporation INTC 2.9% 8.0% 8.16% 8.42% 170,350 0.009570 0.000277  170,350       0.010013 0.000801   170,350       0.009844 0.000803     170,350          0.009570 0.000806  

191 Intercontinental ExchangeICE 1.3% 15.5% 12.55% 13.60% 35,750 0.002008 0.000027  35,750         0.002101 0.000326   35,750         0.002066 0.000259     35,750            0.002008 0.000273  

192 Internationa Flavors & Fr IFF 1.9% 7.5% 7.69% 8.80% 10,507 0.000590 0.000011  10,507         0.000618 0.000046   10,507         0.000607 0.000047     10,507            0.000590 0.000052  

Dockets UE-170485 & UG-170486 
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193 International Business MaIBM 3.3% 0.0% 2.56% 4.30% 162,657 0.009138 0.000297  162,657       0.009561 ‐             162,657       0.009399 0.000241     162,657          0.009138 0.000393  

194 International Paper CompIP 3.6% 17.5% 9.19% 11.33% 20,953 0.001177 0.000043  20,953         0.001232 0.000216   20,953         0.001211 0.000111     20,953            0.001177 0.000133  

195 Interpublic Group of ComIPG 3.0% 13.0% 12.55% 11.62% 9,566 0.000537 0.000016  9,566           0.000562 0.000073   9,566           0.000553 0.000069     9,566              0.000537 0.000062  

196 Intuit Inc. INTU 1.2% 13.5% 12.80% 13.79% 30,134 0.001693 0.000019  30,134         0.001771 0.000239   30,134         0.001741 0.000223     30,134            0.001693 0.000233  

197 Invesco PLC IVZ 3.7% 4.5% 7.49% 10.14% 12,353 0.000694 0.000025  12,353         0.000726 0.000033   12,353         0.000714 0.000053     12,353            0.000694 0.000070  

198 Iron Mountain IncorporatIRM 6.2% 10.0% 3.43% 2.50% 9,309 0.000523 0.000033  9,309           0.000547 0.000055   9,309           0.000538 0.000018     9,309              0.000523 0.000013  

199 J P Morgan Chase & Co JPM 2.3% 6.0% 5.89% 5.00% 307,684 0.017285 0.000399  307,684       0.018086 0.001085   307,684       0.017780 0.001047     307,684          0.017285 0.000864  

200 J.B. Hunt Transport Servi JBHT 1.0% 9.0% 12.24% 13.50% 10,268 0.000577 0.000006  10,268         0.000604 0.000054   10,268         0.000593 0.000073     10,268            0.000577 0.000078  

201 J.M. Smucker Company (TSJM 2.3% 7.5% 5.22% 6.20% 15,072 0.000847 0.000020  15,072         0.000886 0.000066   15,072         0.000871 0.000045     15,072            0.000847 0.000052  

202 Jacobs Engineering GroupJEC 0.3% 8.0% NA 9.81% 6,608 0.000371 0.000001  6,608           0.000388 0.000031   ‐‐ ‐‐ ‐‐ 6,608              0.000371 0.000036  

203 Johnson & Johnson JNJ 2.6% 8.5% 5.89% 6.09% 338,997 0.019044 0.000488  338,997       0.019927 0.001694   338,997       0.019589 0.001154     338,997          0.019044 0.001160  

204 Johnson Controls InternatJCI 2.4% 2.0% 13.42% 12.42% 38,656 0.002172 0.000053  38,656         0.002272 0.000045   38,656         0.002234 0.000300     38,656            0.002172 0.000270  

205 Juniper Networks, Inc. JNPR 1.4% 8.0% 11.03% 10.48% 10,545 0.000592 0.000009  10,545         0.000620 0.000050   10,545         0.000609 0.000067     10,545            0.000592 0.000062  

206 Kansas City Southern KSU 1.5% 9.5% 11.15% 12.67% 9,267 0.000521 0.000008  9,267           0.000545 0.000052   9,267           0.000535 0.000060     9,267              0.000521 0.000066  

207 Kellogg Company K 2.9% 5.0% 6.88% 6.69% 25,347 0.001424 0.000041  25,347         0.001490 0.000074   25,347         0.001465 0.000101     25,347            0.001424 0.000095  

208 KeyCorp KEY 1.9% 9.0% 10.32% 7.50% 18,957 0.001065 0.000021  18,957         0.001114 0.000100   18,957         0.001095 0.000113     18,957            0.001065 0.000080  

209 Kimberly‐Clark CorporatKMB 3.0% 10.0% 7.35% 7.23% 46,643 0.002620 0.000078  46,643         0.002742 0.000274   46,643         0.002695 0.000198     46,643            0.002620 0.000189  

210 Kimco Realty CorporationKIM 5.0% NA 5.91% 5.86% 9,228 0.000518 0.000026  ‐‐ ‐‐ ‐‐ 9,228           0.000533 0.000032     9,228              0.000518 0.000030  

211 Kinder Morgan, Inc. KMI 2.3% 24.0% 10.00% 10.00% 48,556 0.002728 0.000063  48,556         0.002854 0.000685   48,556         0.002806 0.000281     48,556            0.002728 0.000273  

212 KLA‐Tencor Corporation KLAC 2.3% 13.5% 11.97% 21.24% 15,073 0.000847 0.000019  15,073         0.000886 0.000120   15,073         0.000871 0.000104     15,073            0.000847 0.000180  

213 Kohlʹs Corporation KSS 5.6% 5.5% 8.60% 7.67% 6,824 0.000383 0.000021  6,824           0.000401 0.000022   6,824           0.000394 0.000034     6,824              0.000383 0.000029  

214 Kroger Company (The) KR 1.6% 10.0% 6.12% 9.17% 26,979 0.001516 0.000025  26,979         0.001586 0.000159   26,979         0.001559 0.000095     26,979            0.001516 0.000139  

215 L Brands, Inc. LB 5.0% 5.0% 8.96% 10.38% 13,640 0.000766 0.000038  13,640         0.000802 0.000040   13,640         0.000788 0.000071     13,640            0.000766 0.000080  

216 L‐3 Communications Hol LLL 1.8% 10.0% 6.46% 5.77% 12,675 0.000712 0.000013  12,675         0.000745 0.000075   12,675         0.000732 0.000047     12,675            0.000712 0.000041  

217 Lam Research CorporatioLRCX 1.4% 19.5% 15.43% 12.34% 20,984 0.001179 0.000017  20,984         0.001233 0.000241   20,984         0.001213 0.000187     20,984            0.001179 0.000145  

218 Lennar Corporation LEN 0.3% 10.0% NA 8.39% 11,938 0.000671 0.000002  11,938         0.000702 0.000070   ‐‐ ‐‐ ‐‐ 11,938            0.000671 0.000056  

219 Leucadia National Corpo LUK 0.2% 19.0% 18.00% 18.00% 9,485 0.000533 0.000001  9,485           0.000558 0.000106   9,485           0.000548 0.000099     9,485              0.000533 0.000096  

220 Lincoln National CorporaLNC 1.8% 7.0% 8.62% 8.00% 14,817 0.000832 0.000015  14,817         0.000871 0.000061   14,817         0.000856 0.000074     14,817            0.000832 0.000067  

221 Lockheed Martin CorporaLMT 2.7% 8.5% 8.48% 5.82% 77,415 0.004349 0.000119  77,415         0.004551 0.000387   77,415         0.004474 0.000379     77,415            0.004349 0.000253  

222 Loweʹs Companies, Inc. LOW 1.7% 14.5% 14.92% 14.59% 70,986 0.003988 0.000068  70,986         0.004173 0.000605   70,986         0.004102 0.000612     70,986            0.003988 0.000582  

223 LyondellBasell IndustriesLYB 3.8% 5.0% ‐2.76% 8.00% 35,902 0.002017 0.000077  35,902         0.002110 0.000106   35,902         0.002075 (0.000057)    35,902            0.002017 0.000161  

224 M&T Bank Corporation MTB 2.0% 6.5% 7.18% 5.91% 23,582 0.001325 0.000026  23,582         0.001386 0.000090   23,582         0.001363 0.000098     23,582            0.001325 0.000078  

225 Macerich Company (The)MAC 4.4% NA ‐0.11% 5.57% 9,233 0.000519 0.000023  ‐‐ ‐‐ ‐‐ 9,233           0.000534 (0.000001)    9,233              0.000519 0.000029  

226 Macyʹs Inc M 5.1% 5.0% 18.64% 8.50% 8,979 0.000504 0.000026  8,979           0.000528 0.000026   8,979           0.000519 0.000097     8,979              0.000504 0.000043  

227 Marathon Oil CorporationMRO 1.2% 14.5% ‐20.00% 9.00% 13,818 0.000776 0.000010  13,818         0.000812 0.000118   13,818         0.000798 (0.000160)    13,818            0.000776 0.000070  

228 Marathon Petroleum CorpMPC 2.9% 3.5% ‐0.79% 9.00% 26,309 0.001478 0.000043  26,309         0.001546 0.000054   26,309         0.001520 (0.000012)    26,309            0.001478 0.000133  

229 Marriott International MAR 1.3% 13.0% 14.37% 8.50% 35,095 0.001972 0.000026  35,095         0.002063 0.000268   35,095         0.002028 0.000291     35,095            0.001972 0.000168  

230 Marsh & McLennan ComMMC 1.9% 9.0% 10.15% 11.98% 37,759 0.002121 0.000039  37,759         0.002219 0.000200   37,759         0.002182 0.000221     37,759            0.002121 0.000254  

231 Martin Marietta MaterialsMLM 0.8% 17.5% NA 15.65% 13,762 0.000773 0.000006  13,762         0.000809 0.000142   ‐‐ ‐‐ ‐‐ 13,762            0.000773 0.000121  

232 Masco Corporation MAS 1.2% 11.5% 20.80% 13.57% 10,824 0.000608 0.000007  10,824         0.000636 0.000073   10,824         0.000625 0.000130     10,824            0.000608 0.000083  

233 Mastercard Incorporated MA 0.8% 12.0% 14.92% 15.43% 121,190 0.006808 0.000053  121,190       0.007124 0.000855   121,190       0.007003 0.001045     121,190          0.006808 0.001050  

234 Mattel, Inc. MAT 6.0% 4.5% 15.65% 10.00% 8,674 0.000487 0.000029  8,674           0.000510 0.000023   8,674           0.000501 0.000078     8,674              0.000487 0.000049  

235 McCormick & Company, MKC 1.9% 7.5% 8.50% 8.81% 12,529 0.000704 0.000013  12,529         0.000736 0.000055   12,529         0.000724 0.000062     12,529            0.000704 0.000062  

236 McDonaldʹs Corporation MCD 2.9% 6.5% 8.66% 8.87% 106,592 0.005988 0.000173  106,592       0.006266 0.000407   106,592       0.006160 0.000533     106,592          0.005988 0.000531  

237 McKesson Corporation MCK 0.8% 11.0% 7.85% 8.25% 30,714 0.001725 0.000013  30,714         0.001805 0.000199   30,714         0.001775 0.000139     30,714            0.001725 0.000142  

238 Mead Johnson Nutrition CMJN 1.9% 6.0% 2.25% 10.00% 16,396 0.000921 0.000017  16,396         0.000964 0.000058   16,396         0.000947 0.000021     16,396            0.000921 0.000092  

239 Medtronic PLC MDT 2.1% 6.0% 7.53% 7.83% 109,812 0.006169 0.000132  109,812       0.006455 0.000387   109,812       0.006346 0.000478     109,812          0.006169 0.000483  

240 Merck & Company, Inc. MRK 3.0% 5.5% 6.64% 6.12% 173,630 0.009754 0.000290  173,630       0.010206 0.000561   173,630       0.010033 0.000666     173,630          0.009754 0.000597  

241 MetLife, Inc. MET 3.0% 7.0% 11.14% 10.70% 57,266 0.003217 0.000098  57,266         0.003366 0.000236   57,266         0.003309 0.000369     57,266            0.003217 0.000344  

242 Microchip Technology In MCHP 2.0% 12.0% 22.31% 14.52% 15,912 0.000894 0.000018  15,912         0.000935 0.000112   15,912         0.000920 0.000205     15,912            0.000894 0.000130  

243 Microsoft Corporation MSFT 2.4% 8.0% 9.30% 9.19% 507,931 0.028534 0.000676  507,931       0.029857 0.002389   507,931       0.029351 0.002730     507,931          0.028534 0.002622  

244 Mid‐America Apartment MAA 3.4% NA 7.00% 7.05% 11,671 0.000656 0.000022  ‐‐ ‐‐ ‐‐ 11,671         0.000674 0.000047     11,671            0.000656 0.000046  

245 Molson Coors Brewing  CTAP 1.7% 17.0% 5.16% 8.73% 20,636 0.001159 0.000020  20,636         0.001213 0.000206   20,636         0.001192 0.000062     20,636            0.001159 0.000101  

246 Mondelez International, IMDLZ 1.7% 11.5% 10.62% 11.22% 67,339 0.003783 0.000065  67,339         0.003958 0.000455   67,339         0.003891 0.000413     67,339            0.003783 0.000424  

247 Monsanto Company MON 1.9% 9.5% 8.00% 12.13% 50,872 0.002858 0.000053  50,872         0.002990 0.000284   50,872         0.002940 0.000235     50,872            0.002858 0.000347  

248 Moodyʹs Corporation MCO 1.3% 6.5% 9.92% 11.67% 21,650 0.001216 0.000016  21,650         0.001273 0.000083   21,650         0.001251 0.000124     21,650            0.001216 0.000142  

249 Morgan Stanley MS 1.9% 14.5% 13.72% 12.75% 78,547 0.004413 0.000084  78,547         0.004617 0.000669   78,547         0.004539 0.000623     78,547            0.004413 0.000563  

250 Mosaic Company (The) MOS 3.8% 3.5% 8.00% 9.50% 10,223 0.000574 0.000022  10,223         0.000601 0.000021   10,223         0.000591 0.000047     10,223            0.000574 0.000055  

251 Motorola Solutions, Inc. MSI 2.2% 10.5% 4.73% 5.20% 13,800 0.000775 0.000017  13,800         0.000811 0.000085   13,800         0.000797 0.000038     13,800            0.000775 0.000040  

252 Nasdaq, Inc. NDAQ 1.9% 10.0% 10.32% 9.48% 11,527 0.000648 0.000012  11,527         0.000678 0.000068   11,527         0.000666 0.000069     11,527            0.000648 0.000061  

253 National Oilwell Varco, InNOV 0.5% ‐9.5% 48.27% 8.07% 14,922 0.000838 0.000004  14,922         0.000877 (0.000083)  14,922         0.000862 0.000416     14,922            0.000838 0.000068  

254 Navient Corporation NAVI 4.4% NA 2.84% 8.00% 4,255 0.000239 0.000010  ‐‐ ‐‐ ‐‐ 4,255           0.000246 0.000007     4,255              0.000239 0.000019  

255 NetApp, Inc. NTAP 1.9% 9.0% 15.11% 10.43% 11,123 0.000625 0.000012  11,123         0.000654 0.000059   11,123         0.000643 0.000097     11,123            0.000625 0.000065  

256 Newell Brands Inc. NWL 1.7% 18.0% 10.48% 11.96% 22,239 0.001249 0.000021  22,239         0.001307 0.000235   22,239         0.001285 0.000135     22,239            0.001249 0.000149  

257 News Corporation NWS 1.5% NA NA 11.80% 7,530 0.000423 0.000007  ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 7,530              0.000423 0.000050  

258 News Corporation NWSA 1.6% NA 6.00% 6.70% 4,800 0.000270 0.000004  ‐‐ ‐‐ ‐‐ 4,800           0.000277 0.000017     4,800              0.000270 0.000018  

259 NextEra Energy, Inc. NEE 3.0% 6.0% 6.86% 7.23% 60,749 0.003413 0.000103  60,749         0.003571 0.000214   60,749         0.003510 0.000241     60,749            0.003413 0.000247  

260 Nielsen N.V. NLSN 3.0% ‐2.5% 7.34% 10.27% 15,017 0.000844 0.000025  15,017         0.000883 (0.000022)  15,017         0.000868 0.000064     15,017            0.000844 0.000087  

261 Nike, Inc. NKE 1.3% 15.0% 11.75% 12.36% 91,228 0.005125 0.000067  91,228         0.005362 0.000804   91,228         0.005272 0.000619     91,228            0.005125 0.000633  

262 NiSource, Inc NI 2.9% 2.0% 8.00% 6.15% 7,711 0.000433 0.000013  7,711           0.000453 0.000009   7,711           0.000446 0.000036     7,711              0.000433 0.000027  

263 Noble Energy Inc. NBL 1.2% NA 12.45% 10.00% 15,107 0.000849 0.000010  ‐‐ ‐‐ ‐‐ 15,107         0.000873 0.000109     15,107            0.000849 0.000085  

264 Nordstrom, Inc. JWN 3.3% 0.5% 5.44% 6.00% 7,462 0.000419 0.000014  7,462           0.000439 0.000002   7,462           0.000431 0.000023     7,462              0.000419 0.000025  

265 Norfolk Souther CorporatNSC 2.1% 6.5% 11.78% 11.50% 36,006 0.002023 0.000043  36,006         0.002116 0.000138   36,006         0.002081 0.000245     36,006            0.002023 0.000233  

266 Northern Trust CorporatiNTRS 1.8% 8.0% 11.85% 8.00% 19,828 0.001114 0.000020  19,828         0.001165 0.000093   19,828         0.001146 0.000136     19,828            0.001114 0.000089  

267 Northrop Grumman CorpNOC 1.5% 8.0% 7.53% 7.23% 41,373 0.002324 0.000035  41,373         0.002432 0.000195   41,373         0.002391 0.000180     41,373            0.002324 0.000168  

268 Nucor Corporation NUE 2.5% 24.5% 24.58% 12.00% 19,175 0.001077 0.000027  19,175         0.001127 0.000276   19,175         0.001108 0.000272     19,175            0.001077 0.000129  

269 NVIDIA Corporation NVDA 0.6% 14.5% 11.67% 10.30% 59,348 0.003334 0.000019  59,348         0.003489 0.000506   59,348         0.003429 0.000400     59,348            0.003334 0.000343  

270 Occidental Petroleum CorOXY 4.8% 3.5% NA 6.50% 48,383 0.002718 0.000130  48,383         0.002844 0.000100   ‐‐ ‐‐ ‐‐ 48,383            0.002718 0.000177  

271 Omnicom Group Inc. OMC 2.6% 9.0% 7.88% 7.51% 20,066 0.001127 0.000029  20,066         0.001180 0.000106   20,066         0.001160 0.000091     20,066            0.001127 0.000085  

272 ONEOK, Inc. OKE 4.4% 11.0% 18.34% 5.00% 11,872 0.000667 0.000029  11,872         0.000698 0.000077   11,872         0.000686 0.000126     11,872            0.000667 0.000033  

273 Oracle Corporation ORCL 1.4% 5.0% 8.75% 9.43% 181,787 0.010212 0.000139  181,787       0.010686 0.000534   181,787       0.010505 0.000919     181,787          0.010212 0.000963  

274 PACCAR Inc. PCAR 1.4% 5.0% 6.06% 10.00% 23,590 0.001325 0.000019  23,590         0.001387 0.000069   23,590         0.001363 0.000083     23,590            0.001325 0.000133  

275 Pacific Gas & Electric Co. PCG 2.9% 11.0% 3.74% 3.75% 34,204 0.001921 0.000056  34,204         0.002011 0.000221   34,204         0.001977 0.000074     34,204            0.001921 0.000072  

276 Parker‐Hannifin Corpora PH 1.7% 6.5% 10.87% 9.39% 21,358 0.001200 0.000020  21,358         0.001255 0.000082   21,358         0.001234 0.000134     21,358            0.001200 0.000113  

277 Patterson Companies, IncPDCO 2.2% 10.5% 7.35% 6.33% 4,340 0.000244 0.000005  4,340           0.000255 0.000027   4,340           0.000251 0.000018     4,340              0.000244 0.000015  

278 Paychex, Inc. PAYX 3.2% 9.0% 8.44% 8.88% 20,890 0.001174 0.000037  20,890         0.001228 0.000111   20,890         0.001207 0.000102     20,890            0.001174 0.000104  

279 Pentair PLC. PNR 2.2% 9.5% 9.29% 10.82% 11,435 0.000642 0.000014  11,435         0.000672 0.000064   11,435         0.000661 0.000061     11,435            0.000642 0.000070  

280 Peopleʹs United Financial PBCT 3.8% 10.5% 2.00% 2.00% 6,159 0.000346 0.000013  6,159           0.000362 0.000038   6,159           0.000356 0.000007     6,159              0.000346 0.000007  

281 Pepsico, Inc. PEP 2.7% 7.0% 6.42% 7.16% 159,363 0.008953 0.000242  159,363       0.009368 0.000656   159,363       0.009209 0.000591     159,363          0.008953 0.000641  

282 PerkinElmer, Inc. PKI 0.5% 8.0% 8.01% 10.13% 6,351 0.000357 0.000002  6,351           0.000373 0.000030   6,351           0.000367 0.000029     6,351              0.000357 0.000036  

283 Perrigo Company PRGO 1.0% NA 1.68% 7.58% 9,692 0.000544 0.000005  ‐‐ ‐‐ ‐‐ 9,692           0.000560 0.000009     9,692              0.000544 0.000041  

284 Pfizer, Inc. PFE 3.8% 11.0% 6.35% 5.64% 203,129 0.011411 0.000428  203,129       0.011940 0.001313   203,129       0.011738 0.000745     203,129          0.011411 0.000644  

285 Philip Morris InternationaPM 3.7% 5.0% 10.75% 10.80% 174,868 0.009824 0.000362  174,868       0.010279 0.000514   174,868       0.010105 0.001086     174,868          0.009824 0.001061  

286 Phillips 66 PSX 3.3% 2.0% ‐6.36% 6.65% 39,745 0.002233 0.000073  39,745         0.002336 0.000047   39,745         0.002297 (0.000146)    39,745            0.002233 0.000148  

287 Pinnacle West Capital CoPNW 3.1% 4.0% 5.93% 5.61% 9,424 0.000529 0.000016  9,424           0.000554 0.000022   9,424           0.000545 0.000032     9,424              0.000529 0.000030  

288 Pioneer Natural ResourcePXD 0.0% 20.0% 18.00% 9.75% 32,336 0.001817 0.000001  32,336         0.001901 0.000380   32,336         0.001869 0.000336     32,336            0.001817 0.000177  

289 PNC Financial Services GPNC 1.8% 3.0% 8.40% 4.67% 57,979 0.003257 0.000060  57,979         0.003408 0.000102   57,979         0.003350 0.000281     57,979            0.003257 0.000152  

290 PPG Industries, Inc. PPG 1.5% 9.5% 9.06% 7.91% 27,018 0.001518 0.000023  27,018         0.001588 0.000151   27,018         0.001561 0.000141     27,018            0.001518 0.000120  

Dockets UE-170485 & UG-170486 
Exhibit DJG-21 
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291 PPL Corporation PPL 4.2% 2.0% 2.44% 3.25% 25,468 0.001431 0.000060  25,468         0.001497 0.000030   25,468         0.001472 0.000036     25,468            0.001431 0.000046  

292 Praxair, Inc. PX 2.6% 6.0% NA 12.00% 34,054 0.001913 0.000051  34,054         0.002002 0.000120   ‐‐ ‐‐ ‐‐ 34,054            0.001913 0.000230  

293 Principal Financial GroupPFG 2.9% 5.0% 7.89% 8.71% 18,086 0.001016 0.000029  18,086         0.001063 0.000053   18,086         0.001045 0.000082     18,086            0.001016 0.000088  

294 Procter & Gamble CompaPG 3.0% 7.5% 7.40% 7.86% 228,549 0.012839 0.000385  228,549       0.013434 0.001008   228,549       0.013207 0.000977     228,549          0.012839 0.001009  

295 Progressive Corporation (PGR 1.7% 7.5% 8.64% 9.00% 22,800 0.001281 0.000022  22,800         0.001340 0.000101   22,800         0.001318 0.000114     22,800            0.001281 0.000115  

296 ProLogis, Inc. PLD 3.3% NA 10.60% 6.59% 28,098 0.001578 0.000052  ‐‐ ‐‐ ‐‐ 28,098         0.001624 0.000172     28,098            0.001578 0.000104  

297 Prudential Financial, Inc. PRU 2.8% 5.5% 8.95% 8.50% 45,744 0.002570 0.000072  45,744         0.002689 0.000148   45,744         0.002643 0.000237     45,744            0.002570 0.000218  

298 Public Service Enterprise PEG 3.8% 2.5% 0.75% 2.35% 22,724 0.001277 0.000049  22,724         0.001336 0.000033   22,724         0.001313 0.000010     22,724            0.001277 0.000030  

299 Public Storage PSA 3.6% NA 8.30% 5.15% 38,659 0.002172 0.000078  ‐‐ ‐‐ ‐‐ 38,659         0.002234 0.000185     38,659            0.002172 0.000112  

300 PulteGroup, Inc. PHM 1.5% 16.5% 18.04% 14.01% 7,406 0.000416 0.000006  7,406           0.000435 0.000072   7,406           0.000428 0.000077     7,406              0.000416 0.000058  

301 PVH Corp. PVH 0.2% 6.0% 6.92% 10.69% 7,974 0.000448 0.000001  7,974           0.000469 0.000028   7,974           0.000461 0.000032     7,974              0.000448 0.000048  

302 QUALCOMM IncorporatQCOM 3.8% 6.0% 10.50% 8.83% 83,497 0.004691 0.000176  83,497         0.004908 0.000294   83,497         0.004825 0.000507     83,497            0.004691 0.000414  

303 Quest Diagnostics Incorp DGX 1.8% 9.0% 8.23% 8.61% 13,455 0.000756 0.000014  13,455         0.000791 0.000071   13,455         0.000778 0.000064     13,455            0.000756 0.000065  

304 Ralph Lauren CorporationRL 2.5% 3.5% 2.80% 7.24% 6,635 0.000373 0.000009  6,635           0.000390 0.000014   6,635           0.000383 0.000011     6,635              0.000373 0.000027  

305 Range Resources CorporaRRC 0.3% 14.0% 4.35% 7.50% 7,401 0.000416 0.000001  7,401           0.000435 0.000061   7,401           0.000428 0.000019     7,401              0.000416 0.000031  

306 Raymond James Financia RJF 1.2% 9.5% 13.00% 17.00% 10,868 0.000611 0.000007  10,868         0.000639 0.000061   10,868         0.000628 0.000082     10,868            0.000611 0.000104  

307 Raytheon Company RTN 1.9% 8.0% 12.00% 7.54% 44,152 0.002480 0.000048  44,152         0.002595 0.000208   44,152         0.002551 0.000306     44,152            0.002480 0.000187  

308 Realty Income CorporatioO 4.2% NA 7.30% 4.05% 16,313 0.000916 0.000039  ‐‐ ‐‐ ‐‐ 16,313         0.000943 0.000069     16,313            0.000916 0.000037  

309 Regency Centers CorporaREG 3.1% NA 11.00% 7.36% 6,914 0.000388 0.000012  ‐‐ ‐‐ ‐‐ 6,914           0.000400 0.000044     6,914              0.000388 0.000029  

310 Regions Financial CorporRF 1.8% 7.5% 8.67% 10.56% 17,512 0.000984 0.000018  17,512         0.001029 0.000077   17,512         0.001012 0.000088     17,512            0.000984 0.000104  

311 Republic Services, Inc. RSG 2.0% 8.0% 10.42% 9.84% 21,251 0.001194 0.000024  21,251         0.001249 0.000100   21,251         0.001228 0.000128     21,251            0.001194 0.000117  

312 Reynolds American Inc RAI 3.2% 14.0% 10.07% 9.21% 90,304 0.005073 0.000163  90,304         0.005308 0.000743   90,304         0.005218 0.000525     90,304            0.005073 0.000467  

313 Robert Half International RHI 2.1% 6.0% 8.20% 15.50% 5,844 0.000328 0.000007  5,844           0.000344 0.000021   5,844           0.000338 0.000028     5,844              0.000328 0.000051  

314 Rockwell Automation, In ROK 2.0% 4.0% 7.88% 7.57% 20,046 0.001126 0.000022  20,046         0.001178 0.000047   20,046         0.001158 0.000091     20,046            0.001126 0.000085  

315 Rockwell Collins, Inc. COL 1.3% 6.5% 8.33% 9.75% 13,066 0.000734 0.000010  13,066         0.000768 0.000050   13,066         0.000755 0.000063     13,066            0.000734 0.000072  

316 Roper Technologies, Inc. ROP 0.7% 7.0% 14.75% 12.33% 21,201 0.001191 0.000008  21,201         0.001246 0.000087   21,201         0.001225 0.000181     21,201            0.001191 0.000147  

317 Ross Stores, Inc. ROST 1.0% 9.0% 11.02% 10.50% 24,872 0.001397 0.000014  24,872         0.001462 0.000132   24,872         0.001437 0.000158     24,872            0.001397 0.000147  

318 Royal Caribbean Cruises RCL 1.9% 16.5% 14.50% 21.50% 21,218 0.001192 0.000023  21,218         0.001247 0.000206   21,218         0.001226 0.000178     21,218            0.001192 0.000256  

319 Ryder System, Inc. R 2.3% 7.5% 15.00% 15.00% 4,068 0.000229 0.000005  4,068           0.000239 0.000018   4,068           0.000235 0.000035     4,068              0.000229 0.000034  

320 S&P Global Inc. SPGI 1.3% 11.0% 12.02% 12.33% 33,603 0.001888 0.000024  33,603         0.001975 0.000217   33,603         0.001942 0.000233     33,603            0.001888 0.000233  

321 Scana Corporation SCG 3.7% 4.5% 5.87% 5.33% 9,475 0.000532 0.000020  9,475           0.000557 0.000025   9,475           0.000548 0.000032     9,475              0.000532 0.000028  

322 Schlumberger N.V. SLB 2.5% 10.0% ‐0.81% 9.67% 109,606 0.006157 0.000156  109,606       0.006443 0.000644   109,606       0.006334 (0.000051)    109,606          0.006157 0.000595  

323 Scripps Networks Interac SNI 1.5% 9.0% 11.07% 9.53% 10,055 0.000565 0.000009  10,055         0.000591 0.000053   10,055         0.000581 0.000064     10,055            0.000565 0.000054  

324 Seagate Technology PLC STX 5.5% 4.5% 17.16% 8.17% 13,652 0.000767 0.000042  13,652         0.000802 0.000036   13,652         0.000789 0.000135     13,652            0.000767 0.000063  

325 Sealed Air Corporation SEE 1.5% 12.0% 8.08% 6.40% 8,331 0.000468 0.000007  8,331           0.000490 0.000059   8,331           0.000481 0.000039     8,331              0.000468 0.000030  

326 Sempra Energy SRE 3.0% 8.0% 9.30% 9.21% 27,504 0.001545 0.000046  27,504         0.001617 0.000129   27,504         0.001589 0.000148     27,504            0.001545 0.000142  

327 Sherwin‐Williams CompaSHW 1.1% 8.5% 10.75% 10.71% 28,917 0.001624 0.000018  28,917         0.001700 0.000144   28,917         0.001671 0.000180     28,917            0.001624 0.000174  

328 Signet Jewelers Limited SIG 1.5% 11.5% 5.00% 6.50% 4,610 0.000259 0.000004  4,610           0.000271 0.000031   4,610           0.000266 0.000013     4,610              0.000259 0.000017  

329 Simon Property Group, InSPG 4.1% NA 9.70% 7.74% 54,307 0.003051 0.000126  ‐‐ ‐‐ ‐‐ 54,307         0.003138 0.000304     54,307            0.003051 0.000236  

330 Skyworks Solutions, Inc. SWKS 1.1% 12.5% 14.75% 14.44% 18,342 0.001030 0.000012  18,342         0.001078 0.000135   18,342         0.001060 0.000156     18,342            0.001030 0.000149  

331 SL Green Realty CorporatSLG 2.9% NA 46.06% 4.53% 10,922 0.000614 0.000017  ‐‐ ‐‐ ‐‐ 10,922         0.000631 0.000291     10,922            0.000614 0.000028  

332 Snap‐On Incorporated SNA 1.7% 10.0% 10.00% 8.50% 9,531 0.000535 0.000009  9,531           0.000560 0.000056   9,531           0.000551 0.000055     9,531              0.000535 0.000046  

333 Southern Company (The)SO 4.5% 4.5% 3.68% 4.32% 49,723 0.002793 0.000125  49,723         0.002923 0.000132   49,723         0.002873 0.000106     49,723            0.002793 0.000121  

334 Southwest Airlines CompLUV 0.8% 14.5% 10.66% 9.56% 32,842 0.001845 0.000014  32,842         0.001931 0.000280   32,842         0.001898 0.000202     32,842            0.001845 0.000176  

335 Stanley Black & Decker, InSWK 1.8% 9.0% 10.30% 10.07% 20,209 0.001135 0.000020  20,209         0.001188 0.000107   20,209         0.001168 0.000120     20,209            0.001135 0.000114  

336 Staples, Inc. SPLS 4.9% 1.5% 2.45% 2.47% 6,408 0.000360 0.000018  6,408           0.000377 0.000006   6,408           0.000370 0.000009     6,408              0.000360 0.000009  

337 Starbucks Corporation SBUX 1.7% 15.0% 15.53% 17.79% 84,413 0.004742 0.000082  84,413         0.004962 0.000744   84,413         0.004878 0.000758     84,413            0.004742 0.000844  

338 State Street Corporation STT 1.9% 5.5% 7.63% 6.61% 30,127 0.001692 0.000033  30,127         0.001771 0.000097   30,127         0.001741 0.000133     30,127            0.001692 0.000112  

339 Stryker Corporation SYK 1.3% 14.5% 9.74% 9.56% 48,787 0.002741 0.000036  48,787         0.002868 0.000416   48,787         0.002819 0.000275     48,787            0.002741 0.000262  

340 SunTrust Banks, Inc. STI 1.9% 7.0% 4.54% 7.45% 27,303 0.001534 0.000029  27,303         0.001605 0.000112   27,303         0.001578 0.000072     27,303            0.001534 0.000114  

341 Symantec Corporation SYMC 1.0% 5.0% 22.00% 11.98% 18,912 0.001062 0.000010  18,912         0.001112 0.000056   18,912         0.001093 0.000240     18,912            0.001062 0.000127  

342 Synchrony Financial SYF 1.6% NA 10.23% 7.64% 26,943 0.001514 0.000024  ‐‐ ‐‐ ‐‐ 26,943         0.001557 0.000159     26,943            0.001514 0.000116  

343 Sysco Corporation SYY 2.6% 12.0% 11.93% 8.69% 27,897 0.001567 0.000040  27,897         0.001640 0.000197   27,897         0.001612 0.000192     27,897            0.001567 0.000136  

344 T. Rowe Price Group, Inc TROW 3.3% 7.5% 8.16% 10.12% 16,762 0.000942 0.000031  16,762         0.000985 0.000074   16,762         0.000969 0.000079     16,762            0.000942 0.000095  

345 Target Corporation TGT 4.5% 9.5% ‐0.65% 9.44% 29,607 0.001663 0.000075  29,607         0.001740 0.000165   29,607         0.001711 (0.000011)    29,607            0.001663 0.000157  

346 TE Connectivity Ltd. TEL 2.0% 7.5% 8.04% 9.00% 26,019 0.001462 0.000030  26,019         0.001529 0.000115   26,019         0.001504 0.000121     26,019            0.001462 0.000132  

347 TEGNA Inc. TGNA 2.2% 1.0% 10.00% 4.67% 5,498 0.000309 0.000007  5,498           0.000323 0.000003   5,498           0.000318 0.000032     5,498              0.000309 0.000014  

348 Tesoro Corporation TSO 2.8% 7.5% ‐23.40% 10.00% 9,311 0.000523 0.000014  9,311           0.000547 0.000041   9,311           0.000538 (0.000126)    9,311              0.000523 0.000052  

349 Texas Instruments IncorpTXN 2.5% 8.0% 10.00% 9.60% 80,071 0.004498 0.000112  80,071         0.004707 0.000377   80,071         0.004627 0.000463     80,071            0.004498 0.000432  

350 Textron Inc. TXT 0.2% 15.5% 8.10% 8.92% 12,807 0.000719 0.000001  12,807         0.000753 0.000117   12,807         0.000740 0.000060     12,807            0.000719 0.000064  

351 The AES Corporation AES 4.3% 7.0% 11.30% 7.58% 7,358 0.000413 0.000018  7,358           0.000433 0.000030   7,358           0.000425 0.000048     7,358              0.000413 0.000031  

352 The Charles Schwab CorpSCHW 0.8% 14.0% 20.24% 17.02% 53,552 0.003008 0.000024  53,552         0.003148 0.000441   53,552         0.003095 0.000626     53,552            0.003008 0.000512  

353 The Goodyear Tire & RubGT 1.1% 10.0% 6.49% 14.30% 8,870 0.000498 0.000006  8,870           0.000521 0.000052   8,870           0.000513 0.000033     8,870              0.000498 0.000071  

354 The Kraft Heinz CompanKHC 2.6% NA 3.38% 14.77% 110,699 0.006219 0.000164  ‐‐ ‐‐ ‐‐ 110,699       0.006397 0.000216     110,699          0.006219 0.000919  

355 The Travelers CompaniesTRV 2.2% 1.5% 2.97% 7.67% 33,689 0.001893 0.000042  33,689         0.001980 0.000030   33,689         0.001947 0.000058     33,689            0.001893 0.000145  

356 Thermo Fisher Scientific ITMO 0.4% 9.5% 10.56% 12.25% 59,836 0.003361 0.000013  59,836         0.003517 0.000334   59,836         0.003458 0.000365     59,836            0.003361 0.000412  

357 Tiffany & Co. TIF 1.9% 7.5% 7.62% 10.80% 11,671 0.000656 0.000013  11,671         0.000686 0.000051   11,671         0.000674 0.000051     11,671            0.000656 0.000071  

358 Time Warner Inc. TWX 1.6% 11.0% 10.95% 9.18% 76,117 0.004276 0.000070  76,117         0.004474 0.000492   76,117         0.004399 0.000482     76,117            0.004276 0.000393  

359 TJX Companies, Inc. (TheTJX 1.4% 10.5% 10.34% 10.70% 49,581 0.002785 0.000038  49,581         0.002914 0.000306   49,581         0.002865 0.000296     49,581            0.002785 0.000298  

360 Torchmark Corporation TMK 0.8% 7.5% 7.05% 6.76% 8,980 0.000504 0.000004  8,980           0.000528 0.000040   8,980           0.000519 0.000037     8,980              0.000504 0.000034  

361 Total System Services, IncTSS 0.8% 10.5% 11.58% 12.50% 9,692 0.000544 0.000004  9,692           0.000570 0.000060   9,692           0.000560 0.000065     9,692              0.000544 0.000068  

362 Tractor Supply CompanyTSCO 1.4% 10.5% 13.34% 16.40% 9,033 0.000507 0.000007  9,033           0.000531 0.000056   9,033           0.000522 0.000070     9,033              0.000507 0.000083  

363 Twenty‐First Century FoxFOX 1.2% NA 11.30% 10.91% 56,540 0.003176 0.000037  ‐‐ ‐‐ ‐‐ 56,540         0.003267 0.000369     56,540            0.003176 0.000347  

364 Twenty‐First Century FoxFOXA 1.2% 12.0% 13.26% 8.95% 57,595 0.003235 0.000038  57,595         0.003385 0.000406   57,595         0.003328 0.000441     57,595            0.003235 0.000290  

365 Tyson Foods, Inc. TSN 1.4% 9.5% 2.27% 11.00% 22,353 0.001256 0.000018  22,353         0.001314 0.000125   22,353         0.001292 0.000029     22,353            0.001256 0.000138  

366 U.S. Bancorp USB 2.2% 4.0% 5.60% 6.50% 86,947 0.004884 0.000106  86,947         0.005111 0.000204   86,947         0.005024 0.000281     86,947            0.004884 0.000317  

367 Union Pacific CorporationUNP 2.3% 8.0% 11.27% 10.50% 86,844 0.004879 0.000110  86,844         0.005105 0.000408   86,844         0.005018 0.000566     86,844            0.004879 0.000512  

368 United Dominion Realty TUDR 3.4% NA ‐34.21% 5.67% 9,637 0.000541 0.000019  ‐‐ ‐‐ ‐‐ 9,637           0.000557 (0.000191)    9,637              0.000541 0.000031  

369 United Parcel Service, IncUPS 3.1% 9.5% 8.38% 9.40% 92,806 0.005214 0.000162  92,806         0.005455 0.000518   92,806         0.005363 0.000449     92,806            0.005214 0.000490  

370 United Technologies CorpUTX 2.4% 6.5% 7.39% 8.51% 90,118 0.005063 0.000119  90,118         0.005297 0.000344   90,118         0.005208 0.000385     90,118            0.005063 0.000431  

371 UnitedHealth Group IncoUNH 1.5% 12.5% 15.41% 13.29% 159,529 0.008962 0.000135  159,529       0.009377 0.001172   159,529       0.009219 0.001421     159,529          0.008962 0.001191  

372 Universal Health ServicesUHS 0.3% 10.5% 8.58% 9.43% 11,976 0.000673 0.000002  11,976         0.000704 0.000074   11,976         0.000692 0.000059     11,976            0.000673 0.000063  

373 Unum Group UNM 1.7% 10.5% 7.05% 7.00% 10,664 0.000599 0.000010  10,664         0.000627 0.000066   10,664         0.000616 0.000043     10,664            0.000599 0.000042  

374 V.F. Corporation VFC 3.1% 10.0% 8.00% 8.86% 22,463 0.001262 0.000039  22,463         0.001320 0.000132   22,463         0.001298 0.000104     22,463            0.001262 0.000112  

375 Valero Energy CorporatioVLO 4.3% 4.5% 20.32% 11.80% 29,350 0.001649 0.000071  29,350         0.001725 0.000078   29,350         0.001696 0.000345     29,350            0.001649 0.000195  

376 Ventas, Inc. VTR 4.8% NA 6.90% 5.51% 22,963 0.001290 0.000062  ‐‐ ‐‐ ‐‐ 22,963         0.001327 0.000092     22,963            0.001290 0.000071  

377 Verizon CommunicationsVZ 4.8% 3.0% 1.81% 4.29% 197,436 0.011091 0.000529  197,436       0.011606 0.000348   197,436       0.011409 0.000207     197,436          0.011091 0.000476  

378 Viacom Inc. VIAB 1.8% 1.0% 6.21% 3.95% 18,090 0.001016 0.000018  18,090         0.001063 0.000011   18,090         0.001045 0.000065     18,090            0.001016 0.000040  

379 Visa Inc. V 0.7% 13.5% 16.10% 16.63% 188,696 0.010600 0.000078  188,696       0.011092 0.001497   188,696       0.010904 0.001756     188,696          0.010600 0.001763  

380 Vornado Realty Trust VNO 2.8% 19.5% 42.04% 4.60% 19,264 0.001082 0.000030  19,264         0.001132 0.000221   19,264         0.001113 0.000468     19,264            0.001082 0.000050  

381 Vulcan Materials CompanVMC 0.8% 20.5% 21.70% 21.72% 15,830 0.000889 0.000007  15,830         0.000931 0.000191   15,830         0.000915 0.000199     15,830            0.000889 0.000193  

382 W.W. Grainger, Inc. GWW 2.1% 6.0% 7.46% 10.50% 13,494 0.000758 0.000016  13,494         0.000793 0.000048   13,494         0.000780 0.000058     13,494            0.000758 0.000080  

383 Walgreens Boots AllianceWBA 1.8% 11.0% 13.00% 10.63% 88,145 0.004952 0.000091  88,145         0.005181 0.000570   88,145         0.005094 0.000662     88,145            0.004952 0.000526  

384 Wal‐Mart Stores, Inc. WMT 2.9% 2.0% 4.41% 6.86% 216,648 0.012171 0.000348  216,648       0.012735 0.000255   216,648       0.012519 0.000552     216,648          0.012171 0.000835  

385 Walt Disney Company (TDIS 1.4% 8.5% 9.50% 8.06% 178,760 0.010042 0.000139  178,760       0.010508 0.000893   178,760       0.010330 0.000981     178,760          0.010042 0.000809  

386 Waste Management, Inc. WM 2.3% 7.5% 10.38% 9.49% 32,291 0.001814 0.000042  32,291         0.001898 0.000142   32,291         0.001866 0.000194     32,291            0.001814 0.000172  

387 WEC Energy Group, Inc. WEC 3.4% 6.0% 6.53% 6.00% 19,194 0.001078 0.000037  19,194         0.001128 0.000068   19,194         0.001109 0.000072     19,194            0.001078 0.000065  

388 Wells Fargo & Company WFC 2.8% 4.5% 7.46% 10.80% 277,037 0.015563 0.000428  277,037       0.016285 0.000733   277,037       0.016009 0.001194     277,037          0.015563 0.001681  
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389 Welltower Inc. HCN 4.9% NA 2.90% 3.95% 25,998 0.001461 0.000071  ‐‐ ‐‐ ‐‐ 25,998         0.001502 0.000044     25,998            0.001461 0.000058  

390 Western Digital CorporatWDC 2.4% 7.5% 2.00% 12.11% 24,224 0.001361 0.000032  24,224         0.001424 0.000107   24,224         0.001400 0.000028     24,224            0.001361 0.000165  

391 Western Union CompanyWU 3.6% 8.0% 6.96% 7.15% 9,329 0.000524 0.000019  9,329           0.000548 0.000044   9,329           0.000539 0.000038     9,329              0.000524 0.000037  

392 Westrock Company WRK 3.1% 12.5% 9.18% 9.50% 12,988 0.000730 0.000022  12,988         0.000763 0.000095   12,988         0.000751 0.000069     12,988            0.000730 0.000069  

393 Weyerhaeuser Company WY 3.6% 12.5% 5.00% 5.00% 25,773 0.001448 0.000052  25,773         0.001515 0.000189   25,773         0.001489 0.000074     25,773            0.001448 0.000072  

394 Whirlpool Corporation WHR 2.4% 10.5% 13.35% 16.36% 12,452 0.000700 0.000017  12,452         0.000732 0.000077   12,452         0.000720 0.000096     12,452            0.000700 0.000114  

395 Whole Foods Market, Inc WFM 1.8% 5.0% ‐2.63% 7.50% 9,815 0.000551 0.000010  9,815           0.000577 0.000029   9,815           0.000567 (0.000015)    9,815              0.000551 0.000041  

396 Williams Companies, Inc.WMB 4.0% 14.0% 10.00% 10.00% 24,981 0.001403 0.000056  24,981         0.001468 0.000206   24,981         0.001444 0.000144     24,981            0.001403 0.000140  

397 Willis Towers Watson PuWLTW 1.6% NA 11.09% 11.03% 17,574 0.000987 0.000016  ‐‐ ‐‐ ‐‐ 17,574         0.001016 0.000113     17,574            0.000987 0.000109  

398 Wynn Resorts, Limited WYNN 1.7% 5.0% 8.00% 8.00% 12,011 0.000675 0.000011  12,011         0.000706 0.000035   12,011         0.000694 0.000056     12,011            0.000675 0.000054  

399 Xcel Energy Inc. XEL 3.2% 5.5% NA 5.43% 22,641 0.001272 0.000041  22,641         0.001331 0.000073   ‐‐ ‐‐ ‐‐ 22,641            0.001272 0.000069  

400 Xerox Corporation XRX 3.5% 0.5% ‐0.11% 10.00% 7,248 0.000407 0.000014  7,248           0.000426 0.000002   7,248           0.000419 (0.000000)    7,248              0.000407 0.000041  

401 Xilinx, Inc. XLNX 2.3% 6.5% 8.66% 8.25% 14,025 0.000788 0.000018  14,025         0.000824 0.000054   14,025         0.000810 0.000070     14,025            0.000788 0.000065  

402 XL Group Ltd. XL 2.2% 8.0% NA 9.00% 10,591 0.000595 0.000013  10,591         0.000623 0.000050   ‐‐ ‐‐ ‐‐ 10,591            0.000595 0.000054  

403 Xylem Inc. XYL 1.4% 9.5% 14.03% 15.00% 9,150 0.000514 0.000007  9,150           0.000538 0.000051   9,150           0.000529 0.000074     9,150              0.000514 0.000077  

404 Yum! Brands, Inc. YUM 1.9% 4.0% 13.00% 11.00% 22,841 0.001283 0.000024  22,841         0.001343 0.000054   22,841         0.001320 0.000172     22,841            0.001283 0.000141  

405 Zimmer Biomet HoldingsZBH 0.8% 12.5% 9.73% 9.93% 24,187 0.001359 0.000011  24,187         0.001422 0.000178   24,187         0.001398 0.000136     24,187            0.001359 0.000135  

406 Zions Bancorporation ZION 0.8% 11.0% 12.12% 9.33% 8,401 0.000472 0.000004  8,401           0.000494 0.000054   8,401           0.000485 0.000059     8,401              0.000472 0.000044  

407 Zoetis Inc. ZTS 0.8% 11.5% 13.36% 12.63% 25,897 0.001455 0.000012  25,897         0.001522 0.000175   25,897         0.001497 0.000200     25,897            0.001455 0.000184  

17,800,912    1.000000  17,012,244  1.000000  17,305,101  1.000000  17,800,912    1.000000  

Weighted Average 2.4% 8.7% 9.6% 9.2%

   Average

NA ‐‐ Not Available

(a) Dividend paying components of S&P 500 index from zacks.com (retrieved Apr. 7, 2017)

(b) www.zacks.com (retrieved Apr. 7, 2017)

(c) www.valueline.com (Apr. 7, 2017)

(d) http://finance.yahoo.com (retrieved Apr. 9, 2017)
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