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COMMONWEALTH OF KENTUCKY 

BEFORE THE PUBLIC SERVICE COMMISSION 

In the Matter of: ) 
) 

1HE ELECTRONIC APPUCATION OF ) 
COLUMBIA GAS OF KENTUCR.'Y, INC FOR AN ) 
.A.DTUSTivIENT OF RATES; APPROVAL OF ) 
DEPREOA TION S1UDY; APPROVAL OF TARIFF ) 
REVlSIONS; ISSUANCE OF A CERTJFICATE OF ) 
PUBUC CONVENIENCE AND NBCESSITYi AND ) 
OTHER RELIEF ) 

) 

Case No. 2021·00183 

VERIFICATION OF KIMRA COLE 

COM-MONWEALTH OF KENTUCKY ) 
) 

COUNTY OF FAYETTE ) 

Kimra Cole, President of Columbia Gas of Kentucky, Inc,, being duly sworn, states 

that she has supervised certain responses to Attorney General's Request for Infonnation 
in the abovewteferenced case and that the matters and things set forth therein are trtte an.d 

accurate to the best of her knowledge, information and belief, formed after reasonable 
inquiry. 

The foregoing Vei-ification was signed1 acknowledged and swon1 to before me 
this / ?t~ay ofJuly, 2021, by Kir.nra Cole. 

Notary Commission No. &oo ~1'1~ 

Commission expiration: s~ I 5'-c2.D ~ 



COMMONWEALTH OF KENTUCKY 

BEFORE THE PUBLIC SERVICE COMMISSION 

In the Matter of: ) 
) 

THE ELECIRONICAPPUCATION OF ) 
COWMBIA GAS OFKENTUCKY.,INCFORAN ) 
ADJUSTMENTOFRATFS;APPROVALOF ) 
DEPREQATIONSIUDY; APPROV ALOF TARIFF ) Case No. 2021-00183 
REVISIOI\1-S; l5.5UANCE OF A CERTIFICATE OF ) 
PUBUC CONVENIENCE AND NECESSIIY; AND ) 
01HER REUEF ) 

VERIFICATION OF DAVID ROY 

CO:MM:ONWEALTII OF KENTUCKY ) 
) 

COUNTY OF FAYETTE ) 

David Roy, Vice President of Operations and Construction of Columbia Gas of 
Kentucky, Inc., being duly sworn, states that he has supervised the preparation of certain 
responses to Attorney General's Request for Information in the above-referenced case 
and that the matters and things set forth therein are true and accurate to the best of his 
knowledge, information and belief, formed after reasonable inquiry. 

~~< DadRoy 

The foregoing Verification was signed, acknowledged and sworn to before me 
this .2...1 ~ day of July, 2021, by David Roy. 

Notary Commission No. fooo71 g, 

Commission expiration: OS, I !S"-.;'lo.;i, d.-



COMMONWEALTH OF KENTUCKY 

BEFORE THE PUBLIC SERVICE COMMISSION 

In the Matter of: ) 
) 

THE ELECTRONIC APPLICATION OF ) 
COLUJ\1BIA GAS OF KENTUCKY, INC. FOR AN ) 
ADJUSTMENT OF RATES; APPROVAL OF ) 
DEPREOATION STUDY; APPROVAL OF TARIFF ) 
REVISIONS; ISSUANCE OF A CERTIFICATE OF ) 
PUBLIC CONVENIENCE AND NECESSITY; AND ) 
OTHER RELIEF ) 

) 

Case No. 2021-00183 

VERIFICATION OF JUDY COOPER 

COMMONWEALTH OF KENTUCKY ) 
) 

COUNTY OFF AYETTE ) 

Judy Cooper, Director of Regulatory Affairs of Columbia Gas of Kentucky, Inc., 
being duly sworn, states that she has supervised the preparation of certain responses to 
Attorney General's Request for Information in the above-referenced case and that the 
matters and things set forth therein are true and accurate to the best of her knowledge, 
information and belief, formed after reasonable inquiry. 

The foregoing Verification was signed, acknowledged and sworn to before me 
this .;L( st day of July, 2021, by Judy Cooper. 

Notary Commission No. C, 00 7 7 ~ 

Commission expiration: (JS- I S-~M~ 



COMMONWEALTH OF KENTUCKY 

BEFORE THE PUBLIC SERVICE COMMISSION 

In the Matter of: 

TI-IE ELECTRONIC APPLICATION OF 
COLUMBIA GAS OF KENTIJCKY, INC. FOR AN 
ADJUS1MENTOF RA TES; APPROVAL OF 
DEPRECIATION STUDY; APPROVAL OF TARIFF 

) 

) 
) 

) 
) 
) 

REVISIONS; ISSUANCE OF A CERTIFICATE OF ) 
PUBLIC CONVENIENCE AND NECESSITY; AND ) 
O11-IER RELIEF ) 

Case No. 2021-00183 

VERIFICATION OF CHUN-YI LAI 

STATE OF OHIO 

COUNTY OF FRANKLIN 

Chun-Yi Lai, Financial Planning Manager for NiSource Corporate Services 

Company, on behalf of Columbia Gas of Kenh1cky, Inc., being duly sworn, states that she 
has supervised the preparation of certain responses to Attorney General's Reguest for 

Information in the above-referenced case and that the matters and things set forth therein 

are true and accurate to the best of her knowledge, information and belief, formed after 

reasonable inquiry. 

The foregoing Verification was signed, acknowledged and sworn to before me 

this J.fL_ day of July, 2021, by Chun-Yi Lai. 

Notary Commission No. RE - 8D~~6l{ 

Commission expiration: 11 /03 /2oltj 



COMMONWEALTH OF KENTUCKY 

BEFORE THE PUBLIC SERVICE COMMISSION 

In the Matter of: 

TI-IE ELECTRONIC APPLICATION OF 
COLUMBIA GAS OF KENTUCKY, INC FOR AN 
ADJUSTMENT OF RATES; APPROVAL OF 
DEPREQATION STUDY; APPROVAL OF TARIFF 

) 
) 
) 
) 
) 
) 

REVISIONS; ISSUANCE OF A CERTIFICATE OF ) 
PUBLIC CONVENIENCE AND NECESSITY; AND ) 
OTI-IERRELIEF ) 

Case No. 2021-00183 

VERIFICATION OF JEFFERY GORE 

STATE OF OHIO 

COUNTY OF FRANKLIN 

) 
) 
) 

Jeffery Gore, Regulatory Manager for NiSource Corporate Services Company, on 
behalf of Columbia Gas of Kentucky, Inc., being duly sworn, states that he has supervised 
the preparation of certain response to Attorney General's Request for Information in the 
above-referenced case and that the matters and things set forth therein are true and 
accurate to the best of his knowledge, information and belief, formed after reasonable 
inquiry. 

The foregoing Verification was signed, acknowled 
this -1.ti:_ day of July, 2021, by Jeffery Gore. 

Notary Commission No. __ µ...,..Uh--+-----77-4-

Commission expiration: __ )J,~½t~-----



COMMONWEALTH OF KENTUCKY 

BEFORE THE PUBLIC SERVICE COMMISSION 

In the Matter of: ) 
) 

THE ELECTRONIC APPLlCATION OF ) 
COLillvIBIA GAS OF KENTUCKY, INC. FOR AN ) 
ADJUSTMENT OF RATES; APPROVAL OF ) 
DEPREOATION STUDY; APPROVAL OF TARIFF ) 
REVISIONS; ISSUANCE OF A CERTIFICATE OF ) 
PUBLlC CONVENIENCE AND NECESSITY; AND ) 
OTHERRELIEF ) 

Case No. 2021-00183 

VERIFICATION OF JENNIFER HARDING 

STATE OF OHIO 

COUNTY OF FRANKLIN 

) 
) 
) 

Jennifer Harding, Director, Income Tax Operations for NiSource Corporate 
Services Company, on behalf of Columbia Gas of Kentucky, Inc., being duly sworn, states 
that she has supervised the preparation of certain responses to Attorney General's 
Request for Information in the above-referenced case and that the matters and things set 
forth therein are true and accurate to the best of her knowledge, information and belief, 
formed after reasonable inquiry. 

The foregoing Verification was signed, acknowledged and sworn to before me 
this i.o ti- day of July, 2021, by Jennifer Harding. 

Notary Commission No. _r.~1 a_, ____ _ 

Commission expiration:-"--"-"'-------



COMMONWEALTH OF KENTUCKY 

BEFORE THE PUBLIC SERVICE COMMISSION 

In the Matter of: ) 
) 

THE ELECTRONIC APPUCATION OF ) 
COLUMBIA GAS OF KENTUCKY, INC FOR AN ) 
ADJUSIMENTOF RATES; APPROVAL OF ) 
DEPRECIATION SI'UDY; APPROVAL OF TARIFF ) 
REVISIONS; ISSUANCE OF A CERTIFICATE OF ) 
PUBLIC CONVENIENCE AND NECESSITY; AND ) 
OTHER RELIEF ) 

) 

Case No. 2021-00183 

VERIFICATION OF JOHN SPANOS 

COMMONWEAL TH OF PENNSYLVANIA ) 
) 

COUNTY OF CUMBERLAND ) 

John Spanos, President of Gannett Fleming Valuation and Rate Consultants, LLC, 
on behalf of Columbia Gas of Kentucky, Inc., being duly sworn, states that he has 
supervised the preparation of certain responses to Attorney General's Request for 
Information in the above-referenced case and that the matters and things set forth therein 
are true and accurate to the best of his knowledge, information and belief, formed after 
reasonable inquiry. 

The foregoing Verification was signed, acknowledged and sworn to before me 

this ~ dayofJuly,2021,byJohnSpanos. /l, .. ~· '. . . ~ ('\ 

C1mm1n111ulth of Pennsylvania• Notary Seal / YL-f ~ ~ 
MEGAN LYMM ECKRICH· Notary Publlc 

Cumberland County . 5 
My Cammlnion Explrn Sep 16, 2023 Notary Commission No. \ '2. (p 4 13 

Commlnion Number 1264513 

Commission expiration: S ep · l l,, 2023 



COMMONWEALTH OF KENTUCKY 

BEFORE THE PUBLIC SERVICE COMMISSION 

In the Matter of: ) 
) 

TIIE ELECTRONIC APPLICATION OF ) 
COLUMBIA GAS OF KENTUCKY, INC FOR AN ) 
ADJUS1MENT OF RATES; APPROVAL OF ) 
DEPRECIATION STUDY; APPROVAL OF TARIFF ) 
REVISIONS; ISSUANCE OF A CERTIFICATE OF ) 
PUBLIC CONVENIENCE AND NECESSITY; AND ) 
OTHER REUEF ) 

Case No. 2021-00183 

VERIFICATION OF JUDITH SIEGLER 

STATE OF INDIANA 

COUNTY OF LAKE 

) 
) 

) 

CHRISTINA P. CONIGLIO 
ComlnllllOII Nlftllllf fflZCQ 

MrCIIIIPllllltabllnl 
lllfd18,ZIZI 

Judith Siegler, Lead Regulatory Studies Analyst for NiSource Corporate Services 
Company, on behall of Columbia Gas of Kentucky, Inc., being duly sworn, states that she 
has supervised the preparation of certain responses to Attorney General's Request for 
Information in the above-referenced case and that the matters and things set forth therein 
are true and accurate to the best of her knowledge, information and belief, formed after 
reasonable inquiry. 

The foregoing Verification was signed, 
this J.9.+a'ay of July, 2021, by Judith Siegl . 

cknowledged and sworn to before me 

1viJt;_,p (k ' ' 

Commission expiration: _ 0_3__,_\ _\ l..v_.L..j ~-=;:)._9 __ 



COMMONWEAL TH OF KENTUCKY 

BEFORE THE PUBLIC SERVICE COMMISSION 

In the Matter of: 

THE ELECIRONICAPPUCATION OF 
COLUJ\.1BIA GAS OF KENTUCKY, JNC FOR AN 
ADJUSIMENT OF RATF5; APPROVAL OF 

) 

) 
) 
) 
) 

DEPREOATIONSTUDY; APPROVAL OF TARIFF ) 
REVISIONS; IS5UANCE OF A CERTIFICATE OF ) 
PUBLIC CONVENIENCE AND NECESSITY; AND ) 
OTI-IER RELIEF 

Case No. 2021-00183 

VERIFICATION OF KEVIN JOHNSON 

STATE OF OHIO 

COUNTY OF FRANKLIN 

) 
) 
) 

Kevin Johnson, Lead Regulatory Analyst for NiSource Corporate Services 
Company, on behalf of Columbia Gas of Kentucky, Inc., being duJy sworn, states that he 
has supervised the preparation of certain responses to Attorney General's Request for 
Information in the above-referenced case and that the matters and things set forth therein 
are true and accurate to the best of his knowledge, information and belief, formed after 

reasonable inquiry. 

The foregoing Verification was signed, acknowledged and sworn to before me 

this ..1.£_ day of July, 2021, by Kevin Johnson. ~~ 

ca~ 
o"'¢i'!.,·,r~i;;.-._ LAWRENCE W CULVER 

.,,_.•·-;S-\ 14'-!'.' '.: · f Oh' 
• [~-~ ,~ Notary Public State o 10 

;;<::J ~. )p:::" Mv c mm. Expir6s June 12. 202? 
;,:.,.~:_~·:,•fO~~--~ ~ 

Notary Commission No. 'J.011: -;te -6"$";1. Y 6 -F 

Commission expiration: / .;i:,, d v ~ c- :t.. 0 ""-":l 
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COMMONWEALTH OF KENTUCKY 

BEFORE THE PUBLIC SERVICE COMMISSION 

In the Matter of: ) 
) 

1HE ELECTRONIC APPLICATION OF ) 
COUJMBIA GAS OF KEN'IUCKY, JNC FORAN ) 
ADJUSIMENf OF RATFS; APPROVAL OF ) 
DEPREOATION SIUDY; APPROVAL OF TARIFF ) 
REVISIONS; ISSUANCE OF A CERIIFICATE OF ) 
PUBLIC CONVENIENCE AND NECESSITY; AND ) 
OfHERREUEF ) 

Case No. 2021-00183 

VERWICATION OF KIMBERLY CARTELLA 

STATEOFOIDO 

COUNTY OF LORAIN 

) 
) 
) 

Kimberly Cartella, Director Compensation for NiSource Corporate Services Company, on 
behalf of Columbia Gas of Kentucky, Inc., being duly sworn,. states that she has supervised the 
preparatiom of certain responses to Attorney General's Request for Information in the above
referenced case and that the matters and things set forth therein are true and accurate to the best of 
her knowledge, information and belief, formed after reas nable inq · 

The foregoing Verification was signed, acknowledged and sworn to before me this } q1h 
day of July, 2021, by Kimberly Canella. 

Einily L Brady, Attorney ~I la·• 
ResideAt Summit COUM!Y 

Nury Public, Staie DI O~ia 
My Co!Mlissio,i IIJs Ila Eoi1.11i~, lil: 

otary Commission No. _ _____ _..,:Sec~~•4UJRC. 

ommissi n expiration: _ _,t{,.......,,_O __.·ft'"""-'-I?· ____ _ 
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COMMONWEALTH OF KENTUCKY 

BEFORE THE PUBLIC SERVICE COMMISSION 

In the Matter of: ) 
) 

THE ELECTRONIC APPLICATION OF ) 
COLUMBIA GAS OF KEN1UCKY, INC. FOR AN ) 
ADJUSTMENT OF RATES; APPROVAL OF ) 
DEPREOATION STUDY; APPROVAL OF TARIFF ) 
REVISIONS; I.S&JANCE OF A CERTIFICATE OF ) 
PUBLIC CONVENIENCE AND NECFSSITY; AND ) 
OIHER RELIEF ) 

Case No. 2021-00183 

VERIFICATION OF MELISSA BARTOS 

STATE OF MASSACHUSETTS ) 
) 

COUNTY OF MIDDLESEX ) 

Melissa Bartos, Vice President for Concentric Energy Advisors, on behalf of 
Columbia Gas of Kentucky, Inc., being duly sworn, states that she has supervised the 
preparation of certain responses to the Attorney General's Request for Information in the 
above-referenced case and that the matters and things set forth therein are true and 
accurate to the best of her knowledge, information and belief, formed after reasonable 
inquiry. 

~ Mehssa Bartos 

The foregoing Verification was signed, acknowledged and sworn to before me 
this~ day of July, 2021, by Melissa Bartos. 

I::) ICRISTINA D. BRUCE W Notary Mlic 
Conmonwaalth of Mi111• chu1ett1 

My Camrniulon Explrea 
Nowrnbar ,, 2027 

~~-~ 
Notary Commission No. _______ _ 

Commission expiration: Novef'1 b€r 1 L/ , )0;17-



COMMONWEAL TH OF KENTUCKY 

BEFORE THE PUBLIC SERVICE COMMISSION 

In the Matter of: ) 
) 

lHE ELECTRONIC APPLICATION OF ) 
COLUMBIA GAS OF KENTUCKY, INC FORAN ) 
ADJUSfMENT OF RATES; APPROVAL OF ) 
DEPREOATION SfUDY; APPROVAL OF TARIFF ) 
REVISIONS; I5.5UANCE OF A CERTIFICATE OF ) 
PUB UC CONVENIENCE AND NECESSITY; AND ) 
OIHER REUEF ) 

Case No. 2021-00183 

VERIFICATION OF MICHAEL ROZSA 

STATE OF OHIO 

COUNTY OF FRANKLIN 

) 

) 
) 

Michael Rozsa, Chief Information Officer for NiSource Corporate Services 
Company, on behalf of Columbia Gas of Kentucky, Inc., being duly sworn, states that he 
has supervised the preparation of certain responses to Attorney General's Request for 
Information in the above-referenced case and that the matters and things set forth therein 
are true and accurate to the best of his knowledge, information and belief, formed after 
reasonable inquiry. 

The foregoing Verification was signed, acknowledged and sworn to before me 
this i...!C._ day of July, 2021, by Michael Rozsa . 

.. ~s'<i::4~}~·:;•~~,--.. £i'eL.u (\,_ t.J//" ~ 
/ " ~\ 1 11/ ( \ REBECCA J VANSICKL=E-----r-~"----'--"".....;;;.;~c__:i'------

/ ·,- \ Notary Publ ic 
(-x *j In and for the State of O!Notary Commission No. _______ _ 

j My Commission Expires 
November 22, 20;1 ~ ;· ;· /. . .., / 

Commission expiration:/0' ::>- ;;2C> ;;J y 



COMMONWEAL TH OF KENTUCKY 

BEFORE THE PUBLIC SERVICE COMMISSION 

In the Matter of: ) 
) 

1HE ELECTRONIC APPUCATION OF ) 
COLUMBIA GAS OF KENTUCKY, INC. FOR AN ) 
ADJUSTMENT OF RATES; APPROVAL OF ) 
DEPREOATION STUDY; APPROVAL OF TARIFF ) 
REVISIONS; ISSUANCE OF A CERTIFICATE OF ) 
PUBLIC CONVENIENCE AND NECESSITY; AND ) 
OTHER RELIEF 

Case No. 2021-00183 

VERIFICATION OF SUSAN TAYLOR 

STATE OF OHIO 

COUNTY OF FRANKLIN. 

) 
) 
) 

Susan Taylor, Director of Financial Planning for NiSource Corporate Services 
Company, on behalf of Columbia Gas of Kentucky, Inc., being duly sworn, states that she 
has supervised the preparation of certain responses to Attorney General's Request for 
Information in the above-referenced case and that the matters and things set forth therein 
are true and accurate to the best of her knowledge, information and belief, formed after 
reasonable inquiry. 

~1'11~ 
Susan Taylor 

The foregoing Verification was signed, acknowledged and sworn to before me 
this hJ day of July, 2021, by Susan Taylor. 

Notary Commission No.--""~'~"~----

Commission expiration: __ i"\~ .. ~"'~'----



COMMONWEALTH OF KENTUCKY 

BEFORE THE PUBLIC SERVICE COMMISSION 

In the Matter of: ) 
) 

THE ELECTRONIC APPUCATION OF ) 
COLUMBIA GAS OF KENTUCKY, INC. FORAN ) 
ADJUSTMENT OF RATFS; APPROVAL OF ) 
DEPRECIATION STIJDY; APPROVAL OF TARIFF ) 
REVISIONS; ISSUANCE OF A CERTIFICATE OF ) 
PUBUC CONVENIENCE AND NECESSITY; AND ) 
OTHERREUEF 

Case No. 2021-00183 

VERIFICATION OF SUZANNE K. SURFACE 

STATEOFOI-IlO 

COUNTY OF FRANKLIN 

) 
) 
) 

Suzanne K. Surface, Senior Vice President for NiSource Corporate Services 
Company, on behalf of Columbia Gas of Kentucky, Inc., being duly sworn, states that she 
has supervised the preparation of certain responses to Attorney General's Request for 
Information in the above-referenced _case and that the matters and things set forth therein 
are true and accurate to the best of her.knowledge, information and belief, formed after 
reasonable inquiry. 

The foregoing Verification was signed, acknowledged and sworn to before me 
this 2 <JJ day of July, 2021, by Suzanne K. Surface. · 

Notary Commission No. -·-"• IA. ________ _ 

Commission expiration: __._[-.J_o_"'-C.=-• ____ _ 

:-'1''Jh'•-"'·,. 



COMMONWEAL TH OF KENTUCKY 

BEFORE THE PUBLIC SERVICE COMMISSION 
In the Matter of: 

THE ELECTRONIC APPLICATION OF 
COLUMBIA GAS OF KENTIJCKY, INC. FOR AN 
ADJUS1MENT OF RATES; APPROVAL OF 
DEPRECIATION STUDY; APPROVAL OF TARIFF 

) 
) 
) 
) 
) 
) 

REVISIONS; ISSUANCE OF A CERTIFICATE OF ) 
PUBLIC CONVENIENCE AND NECESSITY; AND ) 
O11-IERRELIEF ) 

) 

Case No. 2021-00183 

VERIFICATION OF VINCENT REA 

STATE OF NORTH CAROLINA ) 
) 

COUNTY OF MOORE ) 

Vincent Rea, Managing Director of Regulatory Finance Associates, LLC, on behalf 
of Columbia Gas of Kentucky, Inc., being duly sworn, states that he has supervised the 
preparation of certain responses to Attorney General's Request for Information in the 
above-referenced case and that the matters and things set forth therein are true and 
accurate to the best of his knowledge, information and belief, formed after reasonable 

inquiry. 

Vincent Rea 

The foregoing Verification was signed, acknowledged and sworn to before me 
this~ day of July, 2021, by Vincent Rea. 

Notary Commission No. d-- c) \ ~ ~ C I O o o o S 

Commission expiration: "\ \ \ ,,__ \ ?Jc> 



KY PSC Case No. 2021-00183 
Response to the Attorney General’s Data Request Set One No. 1 

 Respondent:  Jeff Gore 
 

COLUMBIA GAS OF KENTUCKY, INC. 
RESPONSE TO ATTORNEY GENERAL’S FIRST REQUEST FOR INFORMATION 

DATED JULY 7, 2021 
 

1. Refer to the Application generally. Provide a succinct list that identifies all 

proposed pro forma adjustments, the amount of each pro forma adjustment, along with 

a brief description of each adjustment. 

Response:  

The pro forma adjustments are included in Tab 73, Filing Requirement 807 KAR 5:001 

Section 16-(8)(d) – Summary of Income Adjustments.  Schedules D-2.1, D-2.2, D-2.3 and 

D-2.4 include a brief description and the amount of the adjustments.  



KY PSC Case No. 2021-00183 
Response to the Attorney General’s Data Request Set One No. 2 

 Respondent: Judy Cooper 
 

COLUMBIA GAS OF KENTUCKY, INC. 
RESPONSE TO ATTORNEY GENERAL’S FIRST REQUEST FOR INFORMATION 

DATED JULY 7, 2021 
 

2. Refer to the Application generally. Taking into account the economic issues that 

were already present in a large portion of Columbia Kentucky’s service area before the 

COVID-19 pandemic, and the exacerbated economic issues that the COVID-19 pandemic 

has caused, explain how Columbia Kentucky’s ratepayers will be able to afford an 

increase in natural gas rates. 

Response:  Despite the impact of COVID-19, throughout the pandemic Columbia, its 

employees, and its contractors continue to provide essential services to its customers with 

minimal disruption. Indeed, as detailed in the testimony of Columbia witness Roy, in 

2020, even with the global disruption to most business as a result of the pandemic, 

Columbia nonetheless was able to continue providing safe and reliable service to its 

customers and adhere to its priority pipe replacement plan in its SMRP. In light of the 

substantial capital investment Columbia has made since its last rate case in 2016, and the 

ongoing investments that will continue be made through the forecasted test period, a rate 

increase is necessary in order to provide the Company with a reasonable opportunity to 



recover its investment in its distribution system and its operation and maintenance 

expenditures.   

As noted in the Direct Testimony of Kimra Cole, Columbia is aware of the impacts rate 

increases has on its customers, and the Company has taken and will continue to assist 

those financially insecure customers. However, the work being performed by Columbia, 

its employees, and contractors is essential to the Company’s ability to provide safe and 

reliable service to its customers.  Further, this essential work provides the ancillary 

benefit of energizing the local economies through the wages paid to the skilled labor 

necessary to complete the work.  Indeed, in addition to employing 201 active full-time 

employees, Columbia retains numerous contractors on its system. The work being 

performed by the Columbia’s employees, and contractors through the Company’s 

ongoing investment in its system, also benefits the communities in the 30 Kentucky 

counties in Columbia’s service territory. 

An increase in Columbia’s rates is necessary in order to provide an opportunity for it to 

earn a fair rate of return in order to attract the necessary capital to service its customers, 

and maintain its essential infrastructure in a safe and reliable manner for its customers 

and the broader public.  Columbia looks forward to working with other participants in 

the Energy Cabinet’s recently announced Energy Affordability Work Group to better 

understand and address the issues of affordability and utility services to Kentuckians. 



KY PSC Case No. 2021-00183 
Response to the Attorney General’s Data Request Set One No. 3 

 Respondent:  David Roy 
 

COLUMBIA GAS OF KENTUCKY, INC. 
RESPONSE TO ATTORNEY GENERAL’S FIRST REQUEST FOR INFORMATION 

DATED JULY 7, 2021 
 

3. Refer to Columbia Kentucky’s Motion for Deviation filed on May 28, 2021, in 

which the Company states that it is requesting a Certificate of Public Convenience and 

Necessity (“CPCN”) to authorize Columbia to renovate its existing headquarters and to 

construct small structures in order to install and operate a new safety training facility for 

its employees. However, Columbia Kentucky asserts that it has not yet developed 

detailed engineering plans and specifications and therefore is unable to provide these to 

the Commission in accordance with the regulations.  

a. Explain in full detail why Columbia Kentucky has not developed detailed 

engineering plans and specifications for the proposed CPCN. 

b. Identify when Columbia Kentucky plans to provide the engineering plans and 

specifications to the Commission. 

c. Provide the engineering plans and specifications when completed.  

 

 



 

d. Explain whether the renovations to the existing headquarters are exclusively 

related to the proposed safety training facility. If not, explain in full detail what other 

renovations are being proposed. 

Response:  

a. Other Columbia companies have significant experience designing and building 

similar training facilities for their local work force.  The cost estimates provided 

are largely based on similar setups and generalized costs for building 

modifications.  The development of engineering plans and specifications are quite 

costly and Columbia felt it would be more prudent to use estimates based on past 

construction projects rather than pay the cost for detailed designs when the project 

has not been approved.   

b. Columbia would have formal engineering plans and specifications produced after 

the approval to construct. 

c. Columbia will provide the engineering plans and specifications when they are 

available. 

d. The proposed renovations to the existing headquarters are exclusively related to 

the training facility additions.  Any work unrelated to the proposed training 

renovations would be charged to its’ own separate and distinct work order. 



KY PSC Case No. 2021-00183 
Response to the Attorney General’s Data Request Set One No. 4 

 Respondent:  Kimberly Cartella 
 

COLUMBIA GAS OF KENTUCKY, INC. 
RESPONSE TO ATTORNEY GENERAL’S FIRST REQUEST FOR INFORMATION 

DATED JULY 7, 2021 
 

4. Refer to the Application, page 2.   

a. Provide an organizational chart of Columbia Kentucky, and designate whether 

each position is based in Kentucky or elsewhere.  

b. Columbia Kentucky states that it is a subsidiary of NiSource Gas Distribution 

Group, Inc. Provide an organizational chart of NiSource Gas Distribution Group, 

Inc., and designate whether each position is based in Kentucky or elsewhere. 

c. Columbia Kentucky states that NiSource Gas Distribution Group, Inc. is a  

company. Provide an organizational chart of NiSource, Inc., and designate 

whether each position is based in Kentucky or elsewhere. 

d. Columbia Kentucky states that NiSource Corporate Services Company (“NCSC”) 

is a management and services subsidiary of NiSource, Inc. Provide an 

organizational chart of NCSC, and designate whether each position is based in 

Kentucky or elsewhere. 

Response:  



a. See CONFIDENTIAL KY PSC Case No. 2021-00183, AG 1-4, Attachment A for an 

organizational chart (spreadsheet containing names, titles, and reporting 

relationships) of the Company.  All positions are located in KY.   

b. NiSource Gas Distribution Group, Inc. does not have any employees because it is 

a holding company. Holding companies are parent business entities that do not 

conduct business operations and whose sole purpose is to hold subsidiaries.   

c. See part b. above.  

d. See CONFIDENTIAL KY PSC Case No. 2021-00183, AG 1-4, Attachment B for an 

organizational chart (spreadsheet containing names, titles, and reporting 

relationships) of NCSC.  The state of each position is provided, and positions that 

are located in KY are noted in bold.    

 



KY PSC Case No. 2021-00138 
Response to the Attorney General’s Data Request Set One No. 5 

 Respondent:  Jeff Gore 
 

COLUMBIA GAS OF KENTUCKY, INC. 
RESPONSE TO ATTORNEY GENERAL’S FIRST REQUEST FOR INFORMATION 

DATED JULY 7, 2021 
 

5. Refer to the Application generally. Provide a list of all entities that direct charge or 

allocate costs to Columbia Kentucky, and include the total amounts of costs that are direct 

charged and/or allocated to the Company in the test year. 

Response:  

Refer to Columbia’s Response to KY PSC Case No. 2021-00183, Staff 1-10, Attachment A 

for a listing of entities other than NiSource Corporate Services that charged Columbia of 

Kentucky in calendar year 2020.   The majority of the costs included in this Attachment 

relate to interest on the Company’s debt.  The remaining amounts are generally minor in 

nature and are included in the Company’s forecast but specifically identified. 

The O&M costs charged by NiSource Corporate Service Company (“NCSC”) are 

specifically identified in the forecast.  Refer to Columbia’s Response to the Attorney 

General’s First Set of Requests for Information, No. 145 for detail regarding actual direct 

and allocated costs billed by NCSC for actual months in the base period.   



The NCSC O&M forecasted information is not detailed between direct versus allocated.   

The forecasted O&M for March – August 2021 is $10,529,272.  The forecasted O&M for 

the forecasted test period is $20,913,572. 

 

  

 



KY PSC Case No. 2021-00183 
Response to the Attorney General’s Data Request Set One No. 6 

 Respondent:  Jeff Gore 
 

COLUMBIA GAS OF KENTUCKY, INC. 
RESPONSE TO ATTORNEY GENERAL’S FIRST REQUEST FOR INFORMATION 

DATED JULY 7, 2021 
 

6. Refer to the Application, page 9. Columbia Kentucky asserts that it is requesting 

the rate case expense to be allowed recovery in the rates, and amortized over a three-year 

period.  

a. Provide the total rate case expense that has been accrued thus far. Consider this a 

continuing request. 

b. Provide a breakdown of the total rate case expense that has been accrued thus far 

by category.  

c. Provide the estimated total rate case expense.  

d. Provide a breakdown of the estimated total rate case expense.   

e. Provide copies of invoices supporting the level of incurred rate case costs to date 

and supply such new invoices as they become available. 

Response:  

a. Please refer to Columbia’s Response to Staff’s First Request for Information No. 12. 



b. Please refer to Columbia’s Response to Staff’s First Request for Information No. 12. 

c. Please refer to 807 KAR 5:001 Section 16-(8)(f), Schedule F-8. 

d. Please refer to 807 KAR 5:001 Section 16-(8)(f), Schedule F-8 

e. Please refer to Columbia’s Response to Staff’s First Request for Information No. 12. 

 

 



KY PSC Case No. 2021-00183 
Response to the Attorney General’s Data Request Set One No. 7 

 Respondent:  Kimberly Cartella 
 

COLUMBIA GAS OF KENTUCKY, INC. 
RESPONSE TO ATTORNEY GENERAL’S FIRST REQUEST FOR INFORMATION 

DATED JULY 7, 2021 
 

7. Refer to the Direct Testimony of Kimra H. Cole (“Cole Testimony”), page 5.  

a. Ms. Cole states that Columbia Kentucky’s current operations resemble a long 

history of consolidations of other natural gas distribution companies. Provide a summary 

of the above-referenced history of consolidations.  

b. Ms. Cole states that Columbia Kentucky employs 201 active full-time employees. 

Identify the number of active full-time employees that Columbia Kentucky employed for 

the years 2010 – 2021. 

Response:  

a. Please see the summary of the consolidations of the natural gas distribution 

companies provided below, which was originally prepared to trace the history of 

the former Central Kentucky Natural Gas Company.  Please note that this is 

limited to essentially the Lexington Division: 

 
  



HISTORY OF COLUMBIA GAS OF KENTUCKY, INC. 

(Lexington District) 

 In 1905, Joseph Seep of Oil City, Pa., a general purchasing agent for the Standard 
Oil Company, was drilling for oil in Menifee County, Kentucky.  As often happens, 
however, Mr. Seep struck natural gas instead.  Thus began the long history of Central 
Kentucky Natural Gas Company, predecessor to Columbia Gas of Kentucky, Inc. 

 Mr. Seep decided Lexington, Kentucky, would provide a good market for his fuel, 
so together with several other men who were willing to risk their resources in the new 
venture, he organized Central Kentucky Natural Gas Company.  The company was 
incorporated under the laws of the Commonwealth of Kentucky on October 11, 1905.  It 
acquired franchise rights to sell gas in Lexington, Winchester and Mount Sterling.  Also 
acquired were 34,000 acres of leaseholds with nineteen producing wells located on Slate 
Creek and Hawkins Branch in Menifee, Powell and Montgomery Counties, which 
comprise the area known as the Menifee County gas Field. 

 Consideration for this property was the company’s entire authorized stock of 
60,000 shares at a par value of $25, each which represented a total investment of $1.5 
million.  A value of $100,000 was placed on franchises obtained which was paid in cash.  
First mortgage bonds in the amount of $600,000 were issued to raise money. 

 Central Kentucky’s principal office and place of business was Lexington, 
Kentucky.  The life of the company was set for ninety-nine years unless sooner dissolved 
by mutual agreement or in a manner prescribed by law. 

 The original stock was issued as follows: 

 Joseph Seep, 44,400 shares; E. Strong, Robert S. Hampton and John Tonkin, all of 
Oil City, Pa., each 4,000 shares; and J.S. Hazelrigg of Frankfort, Ky., 3,600 shares. 

 Control of the company was vested in Joseph Seep because of large holdings of 
stock. 

 Construction of a distribution system to supply natural gas to customers in 
Lexington was started immediately.  At that time, manufactured gas was being furnished 
in the City of Lexington under a franchise held by the Lexington Gas Company.  Because 
of the expensive competition which would result from two gas companies operating in 



Lexington, an agreement was entered into under which the facilities constructed by 
Central Kentucky within the city, together with all the pipe and material purchased by 
the company to be used in the construction of its distribution plant, were sold to the 
Lexington Gas Company at cost.  Also under the agreement, all the facilities of Lexington 
Gas Company within the city were leased to Central Kentucky. 

 In 1906, the distribution plant was converted from manufactured gas service to 
natural gas.  It was operated by Central Kentucky under lease until 1948, when Central 
Kentucky purchased the distribution plant. 

 Also, in 1906, Central Kentucky laid pipelines from its Menifee field to Mount 
Sterling, Winchester and Lexington and constructed a compressor station in Menifee 
County, which it called the Menifee Compressor Station. 

 In Central Kentucky’s early days, gas was used primarily for lighting and cooking.  
The company started business with about 400 customers, and all their natural gas needs 
were provided for by nineteen producing wells in the Menifee County Fields. 

 In fact, Menifee produced all the company’s gas until 1913, when depletion of that 
source forced Central Kentucky to look elsewhere for its natural gas supply.  By the end 
of 1912, the company had drilled 119 wells in the field, of which 37 were dry holes.  The 
producing area had been completely defined and drilled with no prospects for success in 
additional drilling. 

 Central Kentucky met the challenge in 1913 by constructing a ten-inch pipeline 
from the eastern terminal of its system in the Menifee Field to Inez, Martin County, 
Kentucky, 70 miles away.  There, the ten-inch line connected with the United Fuel Gas 
Company system, and Central  Kentucky began purchasing natural gas from United Fuel. 

 In the spring of 1919, Central Kentucky made gas industry history when it stored 
a significant volume of gas underground.  From 1919 to 1931 the company pumped gas 
into the depleted wells of the Menifee Field during the summer and removed it in the 
winter to meet the heavier demands.  The experiment was abandoned in 1931 because 
the cost was considered excessive. 

 The number of producing wells owned by Central Kentucky in 1915 was 90.  Five 
years later the figure was down to 84 and the search began for additional gas supplies. 



 Natural gas had been found in 1917 in the Red Bush Field of Lawrence and 
Johnson Counties, Ky., and this looked like a promising area.  Central Kentucky began 
drilling there in 1923 and during its first year, 26 producing wells were drilled with no 
dry holes.  The following year three more wells were drilled, all productive. 

 In 1928, Central Kentucky began negotiations to become affiliated with the 
Columbia Gas & Electric Corporation.  Stockholders of Central Kentucky readily 
accepted an offer to exchange two and one-fourth shares of their common stock for one 
share of cumulative 6 per cent preferred stock of Columbia and on December 31, 1927, 
more than 96 per cent had been deposited for such exchange. 

 Thus on the first day of 1928, after 23 years of independent operations in the Blue 
Grass section of the state, central Kentucky became a part of the Columbia System. 

 At the time it was acquired, Central Kentucky was distributing natural gas at retail 
to about 14,000 customers and supplied at wholesale the companies serving Frankfort, 
the capital of the state, Paris, Versailles, Midway and North Middletown.  In addition to 
its facilities for production and distribution, it owned valuable gas rights in the Eastern 
Kentucky field.  It fitted perfectly into the system as it was already connected with the 
pipelines of Columbia and had been purchasing gas from United Fuel Gas Company to 
augment the supply from its own wells. 

 It should be noted here that prior to this acquisition, Columbia, in 1924, purchased 
the stock of the Huntington Gas Company, which owned a majority of the Huntington 
Development and Gas Company.  The latter firm’s natural gas transmission and 
distribution system directly served 5,900 gas users in Huntington, West Virginia, and 
Ashland, Kentucky.  The Ashland area became a part of Columbia’s Kentucky company 
in 1958. 

 From 1911 to 1929, Central Kentucky had some small gasoline production 
operations in connection with its natural gas business.  It also had a small investment in 
oil.  On January 1, 1930, both the oil and gasoline properties were sold to Virginia 
Gasoline and Oil Company for $1,999.90.  In 1937, wells and lines of the once-productive 
Red Bush Field were disposed of and the field was abandoned. 

 Following World War II, Central Kentucky acquired the properties of the 
Cincinnati Gas Transportation Company, an affiliate which at that time owned a 



transmission line extending from near Kenova, West Virginia, to near Cincinnati, 
together with the Kenova Compressor Station, Tollesboro Compressor Station and 
additional transmission lines in Lincoln and Wayne counties, W. Va.  The properties in 
West Virginia were sold to United Fuel.  Central Kentucky then ceased to engage in the 
production of natural gas. 

 To meet peak hour emergency requirements for periods of short duration the 
company built near Lexington a liquefied petroleum gas plant.  This was in 1947.  In the 
same year, construction was completed on a 70-mile line of 14-inch pipe extending from 
a connection with the Tennessee Gas Transmission Company at Means, Ky., to Foster in 
Bracken County.  This line later was looped and a compressor station was constructed.  
The original 10-inch line to Menifee was completely looped with a 12-inch high pressure 
main and a 24-inch line was built from Foster to a point on the Ohio River near Brent, Ky. 

 Because of the ever-increasing demands, the company in 1947 embarked on a 
program of increasing the storage capacity and utilization of its Menifee fields.  New 
wells were drilled and certain existing wells were rehabilitated.  Well and field lines were 
put back into use and a new high pressure system was installed. 

 Menifee Compressor Station was revamped and its capacity increased from 1,740 
horsepower to 4,740 horsepower.  Storage field capacity was boosted from 10,000,000 
MCF in 1947 to 14,700,000 in 1952.  Peak day deliverability rose from 8,000 MCF to 42,000 
MCF. 

 On May 31, 1955, Central Kentucky purchased the Frankfort Kentucky Natural 
Gas Company in exchange for Columbia stock.  Acquired in the sale were the customer 
areas of Frankfort, Midway and Versailles.  The more than 7,000 new customers got a rate 
reduction through the transfer of ownership and the 33 employees of the Frankfort 
company were retained in good standing. 

 The rapid growth of the company since World War II is reflected in the following 
comparisons:  Retail customers increased from 25,219 in 1947 to 45,694 at the end of 1956 
– an increase of 81 per cent.  During the same period, the volume of sales climbed 162 per 
cent and the number of customers heating with gas jumped from 13,196 to 36,412. 

 On January 1, 1957, Central Kentucky’s operations were confined strictly to the 
local distribution of natural gas.  As a part of Columbia’s realignment plan, it sold its 



transmission and storage facilities to an affiliate, Kentucky Gas Transmission 
Corporation.  

 The following year, Central Kentucky Natural Gas Company changed its name to 
Columbia Gas of Kentucky, Inc., and acquired the retail distribution facilities of the 
United Fuel Gas Company in Kentucky.  These facilities serve about 22,000 customers, 
principally in the Ashland area, in nine southeastern counties. 

 As a result, Columbia Gas of Kentucky, Inc., owned property serving 70,000 retail 
customers in approximately 40 cities and communities located in 27 counties. 

 The communities being served are: 

 Lexington District – Lexington, Cynthiana, Georgetown, Irvine, Ravenna, Foster, 
Mt. Sterling, Winchester, Frankfort, Midway and Versailles. 

 Ashland District – Ashland, Pilgrim, Biggs, South Portsmouth, South Shore, 
Catlettsburg, Westwood, Flatwoods, Fullerton, Greenup, Raceland, Riverview, Russell, 
Worthington, Wurtland, Hindman, Louisa, Beauty, Inez, Lovely, Warfield and South 
Williamson. 

b.   See Columbia’s Response to Staff’s First Set of Requests for Information, No. 36 for 

the number of active full-time employees from January 1, 2018-2021. 



KY PSC Case No. 2021-00183 
Response to the Attorney General’s Data Request Set One No. 8 

 Respondent:  Judy Cooper 
 

COLUMBIA GAS OF KENTUCKY, INC. 
RESPONSE TO ATTORNEY GENERAL’S FIRST REQUEST FOR INFORMATION 

DATED JULY 7, 2021 
 

8. Refer to the Cole Testimony, page 9. Ms. Cole states that the assistance programs 

that Columbia Kentucky provides are LIHEAP Subsidy and LIHEAP Crisis programs, 

WinterCare program, and Columbia Kentucky’s own home energy assistance program. 

Explain in full Columbia Kentucky’s home energy assistance program. 

Response:   

Columbia has operated a home energy assistance program since the year 2003.  On 

October 28, 2019 the Kentucky Public Service Commission established Case No. 2016-

00366, an Investigation of Home Energy Assistance Programs offered by investor-owned 

utilities pursuant to KRS 278.285(4). As a result of the investigation the Commission 

issued its Order in Case No. 2019-00366 dated May 4, 2020.  

Columbia Kentucky’s home energy assistance program, the Energy Assistance Program 

“EAP” provides assistance to low-income customers via bill credits during the winter 

heating months of January through March. It is administered in accordance with the 

Kentucky Public Service Commission’s Order in Case No. 2019-00366 dated May 4, 2020.  



KY PSC Case No. 2021-00183 
Response to the Attorney General’s Data Request Set One No. 9 

 Respondent:  Jeff Gore, Kevin Johnson, Kimra Cole 
 

COLUMBIA GAS OF KENTUCKY, INC. 
RESPONSE TO ATTORNEY GENERAL’S FIRST REQUEST FOR INFORMATION 

DATED JULY 7, 2021 
 

9. Refer to the Cole Testimony, page 11.  

a. Identify the monetary amount associated with rolling in Columbia Kentucky’s 

Safety Modification and Replacement Program (“SMRP”) Rider charge into the monthly 

customer base rates.  

b. Explain whether Columbia Kentucky is requesting the SMRP Rider charges to roll 

into the monthly customer base rates or just base rates.  

c. Explain where these amounts are stemming from since customers pay a monthly 

SMRP Rider charge to pay for those projects.  

d. Explain whether the inclusion, or rolling in, of the SMRP Rider charge into the 

monthly customer base rates, are included in the revenue request of $26,694,986, or if it 

is a separate amount that Columbia Kentucky is requesting to include in base rates. 

 

 



Response:  

a. The SMRP rider provides for $15,165,108 in the Annualized Test Year Revenues at 

Current Rates.  The following details the amounts as presented in Schedule M2.2: 

 

b. The proposed design of rates for the Residential class includes a $29.20 customer 

charge that would generate approximately 55% of the total residential revenue 

requirement.  The 55% is the same percentage of existing residential fixed charge 

revenues (inclusive of the current customer charge of $16.00 plus the $6.63 SMRP 

Rider charge) generated from existing rates.  The proposed rate design maintains 

the fixed portion of the residential bill at rates in effect when this case was filed.  

Schedule M2.2
Annualized Test Year Revenues at Current Rates

Page Line Amount
8 21 8,706,920             

12 5 3,377,291             
13 5 15,024                   
14 5 -                         
14 25 4,987                     
15 5 1,107,164             
15 21 930,733                 
16 5 3,501                     
17 6 410,327                 
17 25 603,278                 
18 6 3,841                     
18 27 2,042                     

15,165,108$         



The remaining portion of the revenue requirement is included in the proposed 

volumetric rates. 

c. The SMRP rider will be reset to $0.00 (zero) upon implementation of new base 

rates reflecting the inclusion of all SMRP investments into the rate base used for 

determining the revenue requirement. 

d. The $26,694,986 revenue requirement increase reflects the net impact of the 

increase in base rates offset by the reduction in SMRP revenues. 



KY PSC Case No. 2021-00183 
Response to the Attorney General’s Data Request Set One No. 10 

 Respondent:  David Roy 
 

COLUMBIA GAS OF KENTUCKY, INC. 
RESPONSE TO ATTORNEY GENERAL’S FIRST REQUEST FOR INFORMATION 

DATED JULY 7, 2021 
 

10. Refer to the Cole Testimony, page 11.  

a. Identify when NiSource began using the Safety Management System (“SMS”).  

b. Identify when Columbia Kentucky began using the SMS. 

c. Explain whether this Commission has approved the SMS in past cases, and if so 

provide the case number reference. 

d. Provide the total project cost of SMS. 

e. Provide the monetary amount that NiSource paid for the SMS project cost. 

f. Confirm whether Columbia Kentucky is requesting any costs associated with the 

SMS to be included in the revenue requirement in the pending rate case. If so, identify 

the costs included in the revenue requirement by amount and by type.  

g. Provide the allocated total cost that Columbia Kentucky has to pay for the SMS. 

 



h. Provide the allocated total cost that the other natural gas distribution company 

subsidiaries of NiSource have to pay for the SMS. 

i. Is Columbia Kentucky aware whether any other natural gas utility in Kentucky 

has an SMS? If so, provide examples of the same. 

Response:  

a. NiSource first began implementing elements of a Safety Management System 

(“SMS”) in 2016 with Columbia Gas of Virginia and Northern Indiana Public 

Service Company. 

b. Columbia Gas of Kentucky began SMS implementation in 2018. 

c. The Company established SMS pursuant to American Petroleum Institute 

Recommended Practice (or “RP”) 1173.  RP-1173 provides guidance to pipeline 

operators for developing and maintaining a pipeline safety management system, 

and is intended to augment existing practices while not duplicating any other 

requirements.  The Commission was informed of the Company’s decision to 

implement SMS in Case No. 2019-002571, and, through SMS, the Company 

continues to focus its efforts and resources on the top risks to the Company’s 

 
1 The Electronic Application of Columbia Gas of Kentucky, Inc. for: 1) A Declaration that Construction of a Low Pressure System Safety 
Improvement is an Extension in the Ordinary Course of Business, 2) In the Alternative, for the Issuance of a Certificate of Public Convenience 
and necessity for such Construction; 3): Approval of an Amendment and Expansion of its Accelerated Main Replacement Tariff to  its Safety 
Modification and Replacement Tariff; and 4) Approval to Modify the 2019 AMRP Construction Plan, Application filed July 29, 2019.  
 



systems, and is expanding focus in several critical areas to maintain and enhance 

its operational capabilities.  SMS is not a discrete project or something Columbia 

has requested for approval.  Rather, SMS is a proactive and systematic and all-

encompassing approach to managing safety, including the structures, policies and 

procedures an organization uses to direct and control activities. Please see David 

A. Roy’s prepared direct testimony on pages 14 and 15 as well as Kimra Cole’s 

prepared direct testimony at pages 11-18. 

d. Please see the response to part c. above.  In addition, with SMS being more of an 

operating model, there is no reasonable way to account for costs. 

e. See the answers to parts c. and d. 

f. There are costs to the activities that Columbia has, and continues to, pursue after 

the adoption of the SMS framework.  While the decision to pursue these activities 

could have been informed by Columbia’s SMS paradigm, to tie these costs 

specifically to SMS is to misinterpret what SMS truly represents: an operating 

model (see response to c and d above).  Please refer also to the responses to 

Attorney General’s First Request for Information Nos. 39 and 50.. 

g. Please see responses c through f. 

h. Please see responses c through f. 

i. Columbia is not aware whether any other Kentucky utility has implemented an 

SMS. 



KY PSC Case No. 2021-00183 
Response to the Attorney General’s Data Request Set One No. 11 

 Respondent:  Jeff Gore 
 

COLUMBIA GAS OF KENTUCKY, INC. 
RESPONSE TO ATTORNEY GENERAL’S FIRST REQUEST FOR INFORMATION 

DATED JULY 7, 2021 
 

11. Refer to the Cole Testimony, page 19. Ms. Cole states that Columbia Kentucky has 

implemented the ability for customers to make bill payments via PayPal, PayPal Credit, 

Amazon Pay, and Venmo. Ms. Cole further states that Columbia Kentucky is proposing 

to waive fees associated with payments made by using a credit card. 

a. Explain whether Columbia Kentucky is charged any monetary fees when 

customers use PayPal, PayPal Credit, Amazon Pay, and Venmo to pay utility bills. 

b. If so, identify the amount of monetary fees that are charged for each payment type.  

c. Identify the total amount of fees associated with PayPal, PayPal Credit, Amazon 

Pay, and Venmo that Columbia Kentucky is proposing to include in base rates.  

d. Identify the fees that Columbia Kentucky is charged when a customer uses a credit 

card to pay for a utility bill.  

e. Identify the total monetary amount of waived credit card fees that Columbia 

Kentucky is proposing to include in base rates. 



f. Explain why Columbia Kentucky believes it is fair to force customers who use cash 

or check to pay utility bills to subsidize the costs of customers who choose to use credit 

cards. 

Response:  

a. Columbia is not charged a fee when customers use PayPal, PayPal Credit, Amazon 

Pay, and Venmo to pay utility bills, the customer is assessed the transaction fee.   

b. When customers use PayPal, PayPal Credit, Amazon Pay, and Venmo to pay 

utility bills, the customer is charged $1.75 for the transaction. 

c. Please refer to Columbia witness Gore testimony and Attachment JTG-3.  Of the 

188,944 transactions on Line 1, 453 were Pay Pal transactions and there were no 

Amazon Pay and Venmo transactions.  The 453 transactions @ $1.35 would 

calculate to $612.  Note the Pay Pal transactions started in December 2019. 

d. See response to item A. 

e. The projected costs on an annual basis for credit cards, debit cards, ACH, and 

walk-in payments in the initial year, and included in the Company’s pro forma 

level of NCSC billed O&M expense in this Application, are estimated to be 

$277,800, of this amount $251,190 is estimated for credit, debit card, ACH and 

check transactions while $26,610 is estimated for walk-in transactions.  



f. Currently, Columbia customers can make bill payments via mail, monthly debit 

from their financial account, or by a one-time electronic payment as a registered 

on-line account holder without paying a fee at the time of the transaction. The 

processing fees associated with these methods of payment are included in current 

base rates, and in the Cost of Service calculation of this case. Columbia, however, 

believes that credit card transactions will continue to increase over time as 

customers migrate to the use of credit cards to pay their gas bill.  This follows a 

general trend of migration to credit and debit cards as the preferred payment 

method for the purchase of all consumer goods. Columbia is proposing that the 

costs associated with credit card be included in the Cost of Service calculation to 

allow for consistency with these other methods of payment. If approved, all 

residential customers will be able to select the payment channel of their choice 

without consideration of additional convenience or transaction fees.  

 



KY PSC Case No. 2021-00138 
Response to the Attorney General’s Data Request Set One No. 12 

 Respondent:  David Roy 
 

COLUMBIA GAS OF KENTUCKY, INC. 
RESPONSE TO ATTORNEY GENERAL’S FIRST REQUEST FOR INFORMATION 

DATED JULY 7, 2021 
 

12. Refer to the Direct Testimony of David Roy (“Roy Testimony”), page 6. Explain 

what is meant by 4 miles of “other” type of pipeline. 

Response:  

Other pipe is a category on the PHMSA annual reports where the materials are unknown 

or do not meet one of the other categories of pipe such as bare steel, coated steel, cast iron, 

wrought iron, plastic, ductile iron, copper, or reconditioned cast iron.  



KY PSC Case No. 2021-00138 
Response to the Attorney General’s Data Request Set One No. 13 

 Respondent:  David Roy 
 

COLUMBIA GAS OF KENTUCKY, INC. 
RESPONSE TO ATTORNEY GENERAL’S FIRST REQUEST FOR INFORMATION 

DATED JULY 7, 2021 
 

13. Refer to the Roy Testimony, pages 6 and 7. Mr. Roy states that an odorant known 

as mercaptan is “often” added to the natural gas at the city gate, or upstream by the 

natural gas supplier, before it is delivered into Columbia’s distribution system.  

a. Explain Columbia Kentucky’s process to determine whether mercaptan should be 

added to the natural gas at the city gate or not.  

b. When Columbia Kentucky does not add mercaptan to the natural gas, explain 

whether there is already an existing odor in the natural gas that can alert its customers to 

a potential natural gas leak. 

Response:  

a. The majority of the gas Columbia receives from its suppliers is processed gas 

where the heavier hydrocarbons are removed from the gas. Those processes also 

remove many of the constituents that give natural gas its distinctive odor. Natural 

gas supplied to distribution systems that have had the natural odorant removed 

must have mercaptan added to fulfill the requirement of 49 CFR 192.625. However, 



there are supply points in eastern Kentucky that originate from unprocessed local 

production fields. These deliveries contain a sufficient level of natural odorant to 

also fulfill the requirements of 49 CFR 192.625. Whether Columbia injects 

mercaptan on relies on natural odorant, Operations personnel conduct weekly 

odorant sampling to ensure the concentration of odorant is readily detectable by a 

person with an ordinary sense of smell. 

b. When Columbia does not add mercaptan, there is a level of natural odorant that is 

sufficient to alert customers of a potential gas leak. As mentioned above, weekly 

sampling is conducted to ensure this condition continues.  

 



KY PSC Case No. 2021-00183 
Response to the Attorney General’s Data Request Set One No. 14 

 Respondent:  David Roy 
 

COLUMBIA GAS OF KENTUCKY, INC. 
RESPONSE TO ATTORNEY GENERAL’S FIRST REQUEST FOR INFORMATION 

DATED JULY 7, 2021 
 

14. Refer to the Roy Testimony, pages 13 and 22. 

a. Explain what enhanced techniques Columbia Kentucky utilizes for finding 

difficult to locate facilities. If Columbia is referring to “vacuum excavation” then please 

provide a detailed explanation of the same.  

b. Mr. Roy states that excavator error remains the highest cause of damages to 

Columbia Kentucky’s system, at 34% of total damages in 2020.  

i. Provide the other causes of damage to Columbia Kentucky’s system that account 

for the other 66%.  

ii. Explain in full detail whether Columbia Kentucky always pursues the responsible 

party for all monetary damages. If not, explain why not. 

Response:  

a. When a facility is deemed to be un-locatable by traditional locating means – 

‘traditional’ refers to above ground conductive or inductive locating techniques 



that in turn can be verified by maps and records – Columbia Gas of Kentucky 

will use enhanced techniques to accurately find and locate the facility. In no 

particular order, these techniques include:  

i. Vacuum Excavation  

• Vacuum Excavation uses either water (Hydro Vacuum Excavation) or 

air (Pneumatic Vacuum Excavation) to non-intrusively unearth the 

facility for locating. Both methods use hand held nozzles that either 

use water or air to disrupt the earth. A large vacuum is then used to 

remove the disrupted earth from the excavation. This continues until 

the facility is unearthed.  

ii. Direct Insertion – also known as ‘Jameson Reel’ or ‘Fish Tape’ 

• Service lines: This method requires disrupting the customers service (if 

active) by shutting off service at the meter valve and inserting a 

metallic wire through the stop and into the service line. The devices 

used block the flow of gas at the insertion point providing safety 

throughout the procedure. Once inserted into the service line a 

conductive locating transmitter is attached to the inserted wire and the 

locate is performed with a corresponding locate receiver. After 

completion of the locate the wire is removed, Columbia Gas of 

Kentucky will restore service to the customer.  



• Main lines: This method requires the mainline to first be unearthed – 

primarily via vacuum excavation or hand digging – at which point 

technicians are able to install specialized equipment that will tap the 

facility and allow for the safe insertion of a wire into the facility 

without the escape of gas. Once the wire is inserted the facility will be 

located by attaching a conductive locating transmitter to the inserted 

wire and a locate is performed with a corresponding locate receiver.  

iii. Hand digging 

• Technicians will dig by hand to unearth facilities for locating. 

iv. Replacement 

• Columbia Gas of Kentucky will install new facilities and abandon the 

old un-locatable facilities in an effort to make the facility locatable.  

 

b.  

i. The following table provides the root causes for all damages in 2020.  

Cause of damage  2020 
Excavator Error 53 
Failure To Call 51 
Locator Error 23 
Poor Records 28 
Grand Total 155 

 



ii. Columbia attempts to recover monetary losses from responsible parties. 

Columbia does not pursue damages wherein Columbia is the responsible 

party.  

 

 



KY PSC Case No. 2021-00183 
Response to the Attorney General’s Data Request Set One No. 15 

 Respondent:  David Roy 
 

COLUMBIA GAS OF KENTUCKY, INC. 
RESPONSE TO ATTORNEY GENERAL’S FIRST REQUEST FOR INFORMATION 

DATED JULY 7, 2021 
 

15. Refer to the Roy Testimony, page 35. Mr. Roy states that Columbia Kentucky 

proposes to pilot the Picarro system for three months in 2022, by utilizing one of the 

Picarro equipped vehicles owned by another NiSoure company to assess approximately 

300 miles of the distribution system. Mr. Roy further stated that the total cost of the pilot 

to determine whether the Picarro system has viable application for Columbia Kentucky 

and its customers should not exceed $300,000.  

a. Provide a detailed breakdown of the $300,000 proposed expenditure. 

b. Explain whether Columbia Kentucky deems $100,000 per 100 miles of pipeline for 

leak detection in the pilot program as a reasonable cost.  

c. If the Commission approves the pilot project, and Columbia Kentucky decides to 

move forward with purchasing the Picarro system, provide detailed estimates of all 

associated costs, including but not limited to the price of the Picarro system, operating 

and maintenance expense, depreciation, etc.  



d. Provide the estimated timeframe that a Picarro system will accurately work before 

having to be replaced with a new system. 

Response:  

a. Please see Columbia’s Response to KY PSC Case No. 2020-00378 Staff’s Request 

for Information Set Two No. 9. 

b. Yes.  The $100,000 per 100 miles includes estimated repair costs for the incremental 

leaks expected to be found.  This is a one-time pilot intended to assess the 

technology for future use.  Additionally, as a part of the PIPES Act of 2020, 

Congress directed the PHMSA to create rules to require the use of advanced leak 

detection equipment. Columbia Kentucky plans to use the Picarro pilot as an 

opportunity to understand equipment that would comply with this mandate. 

c. Unit Costs 

1. $1,200,000 one-time capital cost 

2. $60,000 O&M per year of service charge 

3. $4,000 per year for vehicle lease 

4. $1,000 per year for annual vehicle maintenance costs 

Driver - $100,000 per unit, per useful year of operation 

Analysis - $22,500 per year 



d. The Picarro Surveyor system will work accurately for 5 years. Within its service 

agreement, Picarro requires the replacement of the system at the end of its 5-year 

useful life. 

 



KY PSC Case No. 2021-00183 
Response to the Attorney General’s Data Request Set One No. 16 

 Respondent:  David Roy 
 

COLUMBIA GAS OF KENTUCKY, INC. 
RESPONSE TO ATTORNEY GENERAL’S FIRST REQUEST FOR INFORMATION 

DATED JULY 7, 2021 
 

16. Refer to the Roy Testimony, pages 27 and 28. Mr. Roy states that Columbia 

Kentucky intends to assess storm and sanitary sewers within close proximity to 

approximately 155 miles of plastic main and associated services installed between 

January 1, 2010 and December 31, 2016, over a five-year period beginning in 2022.  

a. Provide a breakdown of the average annual cost of $1.3 million for the operation 

and maintenance of the cross bore program. 

b. Explain whether Columbia Kentucky has discussed this program with the owners 

of the storm and sanity sewers, and whether those owners will contribute any funds 

towards the program. If not, explain in full detail why not. 

c. Identify any other Kentucky natural gas utility that has a separate cross bore 

program. 

 



d. Explain why inspecting for cross bores cannot be combined with Columbia 

Kentucky’s already existing pipeline inspection programs so as to not have to implement 

a separate five-year $6.5 million dollar cross bore project.  

e. Mr. Roy states that at the end of the five-year program, Columbia Kentucky would 

only extend the assessment for cross bores for years prior to 2010 if the data shows the 

threat is still significant and should be addressed. Elaborate as to the criteria that would 

factor into the decision as to whether or not the cross bore program should be extended 

past the initial five-year period. 

Response:  

a. Internal Labor ~$150,000 

Contract Labor ~$1,150,000 

Total:      $1,300,000 

b. Columbia has held small, localized meetings with some of the owners of the storm 

and sanitary sewers as the pilot program is conducted and plan to hold additional 

meetings with other system owners operating in areas targeted by the pilot.  The 

meetings provide awareness and support.  Columbia has not requested these 

owners pay for part of the program, but if a cross-bore is discovered to be caused 

by an identified third party, Columbia will attempt to seek reimbursement for the 

repair. 



c. Columbia is not aware of other cross-bore programs operated by other Kentucky 

natural gas utilities. 

d. Cross-bore inspection work is unlike any other inspection work performed by 

Columbia.  The work is generally performed on sewers and septic lines with 

camera technology.  There are no synergies that exist between this work and other 

inspection work Columbia performs. 

e. The primary criteria would be the discovery of material cross-bores during the 

assessment.  Should Columbia discover few to no cross-bores at the conclusion of 

the assessment, Columbia would re-evaluate the means by which it categorizes 

the threat presented by cross bores and may discontinue the cross-bore program.   



KY PSC Case No. 2021-00183 
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 Respondent:  David Roy 
 

COLUMBIA GAS OF KENTUCKY, INC. 
RESPONSE TO ATTORNEY GENERAL’S FIRST REQUEST FOR INFORMATION 

DATED JULY 7, 2021 
 

17. Refer to the Roy testimony, page 38. Mr. Roy states that new training facilities were 

built in Ohio, Virginia, and Pennsylvania for other Columbia Gas states, and Columbia 

Kentucky began sending employees to the new training facilities in 2017.  

a. Identify the cities in which the new training facilities are located. 

b. Provide the number of employees and the general job titles of each employee that 

Columbia Kentucky sent to each of the above-referenced training facilities in 2017, 2018, 

2019, 2020, and 2021. 

c. Provide the total cost to send Columbia Kentucky’s employees to the above-

referenced training facilities in 2017, 2018, 2019, 2020, and 2021.  

d. Provide a breakdown of the total cost provided in (b) for 2017, 2018, 2019, 2020, 

and 2021. 

Response:  



a. The cities where new training facilities were built are Gahanna, Ohio, Monaca, 

Pennsylvania and Chester, Virginia. 

b. We sent the following number of employees to the different sites in years 2017-

2021: 

 

Columbia does not have records that show what titles employees had at the time 

they attended training.  However, every person attending training was, at the time, 

a front line field employee or front line field leader. 

c. Training costs are not tracked in such a way that can be easily pulled as requested.  

However, the following schedule was developed showing estimated costs based 

on trips taken: 

 

Costs are expected to substantially climb in 2022 as enhanced operator 

qualification training gets implemented.  Columbia expects to average 

approximately $460,000 per year going forward on travel expenses. 

Site 2017 2018 2019 2020 2021 YTD*

Ohio 117 85 182 83 47
Pennsylvania 3 0 0
Virginia 9 0 0
* YTD through June

2017-2021 Employee Trips to Training Facilities

Site 2017 2018 2019 2020 2021 YTD*
Ohio 288,300$ 191,500$ 399,100$ 162,500$ 76,900$    
Pennsylvania 6,400$     
Virginia 22,500$   
* YTD through June

2017-2021 Estimated Cost to Send Employees to Training Facilities



d. See answer to part c. 



KY PSC Case No. 2021-00183 
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 Respondent:  David Roy 
 

COLUMBIA GAS OF KENTUCKY, INC. 
RESPONSE TO ATTORNEY GENERAL’S FIRST REQUEST FOR INFORMATION 

DATED JULY 7, 2021 
 

18. Refer to the Roy Testimony, page 41.  

a. Provide a breakdown of the $5.6 million up front capital costs to build the 

proposed new training facility. 

b. Provide a breakdown of the ongoing operations and maintenance (O&M) expense 

of $140,000 per year. 

Response:  

a. Please refer to KY PSC Case No. 2021-00183, AG 1-18, Attachment A 

b. Internal Labor: ~$125,000 

Utilities:  ~$15,000 

 



KY PSC Case No. 2021-00183 
AG 1-18 

Attachment A
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 Respondent:  David Roy 
 

COLUMBIA GAS OF KENTUCKY, INC. 
RESPONSE TO ATTORNEY GENERAL’S FIRST REQUEST FOR INFORMATION 

DATED JULY 7, 2021 
 

19. Refer to the Roy Testimony, pages 47 and 48. Mr. Roy states that Columbia 

originally estimated that the total Accelerated Main Replacement Program (“AMRP”) 

would cost $120 million to replace 525 miles of Priority Pipe. However, Mr. Roy also 

states that from 2008 – 2020 Columbia Kentucky has replaced 199 miles of priority pipe 

and 7,412 steel service lines for approximately $220 million.  

a. Explain why Columbia Kentucky’s initial approximation of cost for the 

replacement of 525 miles of priority pipe was greatly underestimated.  

b. Provide an updated estimation of the total cost to replace the remaining 326 miles 

of priority pipe.  

c. Confirm that Columbia Kentucky only has 326 miles of priority pipe to replace. If 

not, explain in full detail.  

d. Mr. Roy states that after the AMRP transitioned to the Safety Modification and 

Replacement Program (“SMRP”) in 2019, Columbia Kentucky completed Phase 1 of a 

Low Pressure Program that was to be made up of two phases.  



i. Confirm that the Low Pressure Program had a total cost of $8.8 million. 

ii. Explain why Phase II is still under evaluation. 

Response:  

a. Assumptions were made in the various cost categories that make up a replacement 

project that turned out to be profoundly underestimated. When the program was 

developed, the estimated costs were based on construction pricing at that time.  

Construction pricing has significantly increased since then. Additionally, added 

paving requirements from some of the various cities and the state were unknown 

at the time. For instance, the state often allowed Columbia to bury at various 

depths depending on the Kentucky Transportation Cabinet (KYTC) district. Since 

that time, the standard burial depth has been increased to 60 inches. This means 

added contractor costs, added backfill, added labor, and often times added rock 

excavation. 

b. An updated estimate requires a study that has not been performed yet. 

c. Columbia confirms that 326 miles of priority pipe remain. 

d. i. Columbia is still in the process of completing the replacements and closing out 

the job orders. The remaining replacement is expected to be completed in July of 

2021. The current forecast for that phase of the project is $9.3 million. 



ii. Phase II is still under evaluation because Phase I is still in progress.  Phase II 

will be evaluated against other threats and brought to the Commission for 

inclusion in the SMRP if prioritized over threats.   

 

 



KY PSC Case No. 2021-00183 
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 Respondent:  David Roy 
 

COLUMBIA GAS OF KENTUCKY, INC. 
RESPONSE TO ATTORNEY GENERAL’S FIRST REQUEST FOR INFORMATION 

DATED JULY 7, 2021 
 

20. Refer to the Roy Testimony, page 48. Mr. Roy states that Columbia Kentucky is 

planning to spend $121.6 million in SMRP over the next three years - $40 million in 2021, 

$40 million in 2022, and $41.6 million in 2023 to replace priority pipe. 

a. Provide a breakdown of the $40 million proposed expenditures in 2021. 

b. Provide a breakdown of the $40 million proposed expenditures in 2022. 

c. Provide a breakdown of the proposed $41.6 million expenditures in 2023. 

d. Provide the total expenditures of the AMRP/SMRP for each year between 2010 – 

2021, as well as how many miles of pipeline were replaced. 

Response:  

a-c. Please refer to KY PSC Case No 2021-00183, AG Set 1-20, Attachment A. It 

should be noted that the SMRP is a subset of Columbia’s Age and Condition 

Budget. As a result, the Age and Condition budget is determined first, then a 

percentage is allocated to SMRP with the remainder going to other age and 



condition needs that are not eligible for the program. When the work is planned, 

Columbia utilizes an accounting code to identify only those projects/job orders 

that are eligible for the program. 

d. Please refer to KY PSC Case No 2021-00183, AG Set 1-20, Attachment B. 

 



Line
No.

Type of Spend
2021

($000)
2022

($000)
2023

($000)
1 Replacement Mains 31,635 31,184 35,299
2 Replacement Services 7,937 7,897 8,793
3 Meters 530 546 563
4 Meter Install 52 53 55
5 House Regulators Replace 68 70 72
6 Plant Regulators Replace 900 900 900
7 Regulator Structures Replace 64 66 68

8
Large Volume Excess 
Pressure Measuring Stations 185 185 185

9 Corrosion Mitigation 140 140 140
10 Intercompay Transfers 63 65 67

Total Age and Condition Allocation 41,574 41,106 46,142
Percent Allocated to SMRP 96% 97% 90%
SMRP Capital Allocation 39,911 39,873 41,528

Years 2020 - 2023

Columbia Gas of Kentucky, Inc.
Case No. 2021-00183

SMRP / Age and Condition Breakdown for 2021 to 2023

KY PSC Case No. 2021-00183 
AG 1-20 

Attachment A



Line
No.

Year
SMRP Spend

($000)
Miles of pipe 

Replaced

1 2010 4,770 6
2 2011 9,220 5
3 2012 11,360 19
4 2013 15,900 12.9
5 2014 15,200 12.4
6 2015 17,300 13.1
7 2016 15,200 17.4
8 2017 19,200 15.7
9 2018 28,500 17.5

10 2019 31,700 19.5
11 2020 41,200 21.7
12 2021 21,200 (YTD) 6.04 (YTD)

Columbia Gas of Kentucky, Inc.
KY PSC Case No. 2021-00183

Total AMRP/SMRP Expendatures &
Mileage for 2010-2021

KY PSC Case No. 2021-00183 
AG 1-20 

Attachment B
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COLUMBIA GAS OF KENTUCKY, INC. 
RESPONSE TO ATTORNEY GENERAL’S FIRST REQUEST FOR INFORMATION 

DATED JULY 7, 2021 
 

21. Refer to the Roy Testimony, pages 51 – 52. Mr. Roy states that Columbia Kentucky 

is proposing to include the replacement of first generation plastic pipe (pre-1982 and 

sometimes called Aldyl-A) as part of the SMRP.  

a. Mr. Roy states that the Pipeline and Hazardous Materials Safety Administration 

(“PHMSA”) issued four advisory bulletins to owners and operators of natural gas 

pipeline distribution systems in the past concerning the susceptibility of older plastic pipe 

to premature brittle-like cracking. Provide copies of all four PHMSA advisory bulletins.  

b. Explain whether the PHMSA advisory bulletins instructed owners and operators 

of natural gas pipeline distribution systems to immediately replace the older plastic pipe, 

or if it recommended monitoring the pipe.  

c. Provide the specific years of pipeline that the PHMSA advisory bulletins were 

concerning. For example, were the bulletins applicable to all pre-1982 plastic pipelines as 

Columbia Kentucky is requesting to include in the SMRP, or was it pre-1973 plastic 

pipelines? 



d. Identify how many miles of Aldyl-A pipeline Columbia Kentucky has in its 

system.  

e. Explain whether bare steel and cast iron pipeline in Columbia Kentucky’s system 

pose a greater safety risk than Aldyl-A pipeline. 

f. Explain why Columbia Kentucky should not continue to replace Aldyl-A pipeline 

when an issue is found instead of accelerating its replacement through the SMRP. 

Response:  

a. Please refer to the attachments titled KY PSC Case No 2021-00183, AG 1-21, 

Attachment A-D. 

b. The advisory bulletins did not instruct Operators to immediately replace the older 

plastic pipe rather, in general, PHMSA recommended that Operators closely 

monitor and analyze leakage histories on this pipe for leaks with increased leakage 

survey frequency and if was installed, repaired, or operating in and environment 

that impairs pipe strength it should be replaced in a timely manner. 

c. Advisory Bulletin ADB-99-02 advises owners and operators identify all pre-1982 

plastic pipe installations. 

d. Columbia has 241 miles of pre-1982 first generation plastic pipe that is subject to 

the brittle-like cracking identified in the advisory bulletins. 



e. In general, bare steel and cast iron pose a greater safety risk than first generation 

plastic pipe; however, there are sometimes segments of first generation plastic 

whose risk scores exceed that of lower risk bare steel pipe. 

f. Generally, Columbia’s maintenance replacement budget gets spent on numerous 

smaller projects that are of urgent need, typically due to leakage.  Most planned 

SMRP projects are larger in nature and allow for an area of poor performing pipe 

to be modernized in the most cost effective way possible. Allowing riskier, first 

generation plastic pipe to be included as planned SMRP projects enables Columbia 

to utilize the most cost effective and long term preferred design to be used.  Based 

on budget constraints, it’s not practical to allow a larger first generation plastic 

project of that type to absorb so much of the maintenance replacement budget.  

Additionally, Columbia’s SMRP is structured such that the Company would 

present any proposed poor performing segments of first generation plastic pipe to 

the Commission to review and approve as part of the project list for the next 

construction year.  
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Advisory Bulletin ADB-1999-01

March 5, 1999.

[Notices] [Page 12211-12212]

DEPARTMENT OF TRANSPORTATION

Research and Special Programs Administration

Potential Failure Due to Brittle-Like Cracking Certain Polyethylene Plastic Pipe Manufactured by Century
Utility Products Inc

AGENCY: Research and Special Programs Administration (RSPA), DOT.

ACTION: Notice; issuance of advisory bulletin on Century polyethylene gas pipe to owners and operators of natural
gas distribution systems.

SUMMARY: This advisory bulletin is directed at owners and operators of natural gas distribution systems that have
installed plastic pipe extruded by Century Utility Products Inc. from Union Carbide Corporation’s DHDA 2077 Tan
medium density polyethylene resin (Century pipe). Pipe manufactured between 1970 and 1973 may fail in service
due to its poor resistance to brittle-like cracking. Operators with Century pipe in their systems should closely monitor
this pipe for leaks with increased leak survey frequency. Century pipe that may be improperly installed, repaired, or
operating in an environment that impairs pipe strength should be replaced.

ADDRESSES: This document can be viewed on the Office of Pipeline Safety (OPS) home page at: http://ops.dot.gov.

FOR FURTHER INFORMATION CONTACT: Gopala (Krishna) Vinjamuri at (202) 366-4503, or by E-mail at
vinjamuri@rspa.dot.gov.

SUPPLEMENTARY INFORMATION:

I. Background

The National Transportation Safety Board (NTSB) recently published the results of a special investigation into
accidents that involved plastic pipe currently in use to deliver natural gas to residential and business use. The report,
Brittle-Like Cracking in Plastic Pipe for Gas Service (NTSB/SIR-98/01; April 23, 1998) suggested that “[d]espite the
general acceptance of plastic piping as a safe and economical alternative to piping made of steel and other materials,

Advisory Bulletin ADB-1999-01

KY PSC Case No. 2021-00183 
AG 1-21 

Attachment A 
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[a] number of pipeline accidents investigated have involved plastic piping that cracked in a brittle-like manner.”
Copies of this report may be obtained from NTSB Public Inquiry Office by calling 202-314-6551.

The phenomenon of brittle-like cracking in plastic pipe as described in the NTSB report and generally understood
within the plastic pipeline industry relates to a part-through crack initiation in the pipe wall followed by stable crack
growth at stress levels much lower than the stress required for yielding, resulting in a very tight slit-like opening and
gas leak. This failure mode is difficult to detect until significant amount of gas leaks out of the pipe, and potentially
migrates into closed space such as basements of dwellings.  Premature brittle-like cracking requires relatively high
localized stress intensification that may be a result from geometrical discontinuities, excessive bending, improper
fitting assemblies, and/or dents and gouges. Because this failure mode exhibits no evidence of gross yielding at the
failure location, the term brittle-like cracking is used. This phenomenon is different from brittle fracture, in which the
failure results in fragmentation of the pipe.

NTSB also alleged that the guidance provided by manufacturers and industry standards for the installation of plastic
pipe is inadequate for limiting stress intensification, particularly at plastic service connections to steel mains, many of
these connections may have been installed without adequate protection from shear and bending forces that may
result in brittle-like cracking.

 

Century Pipe

Between 1970 and 1973, Century Utility Products Inc. (a/k/a AMDEVCO), now defunct, marketed medium density
polyethylene plastic pipe and fittings (Century pipe) in sizes ranging from \1/2\ inch to 4 inches for use in natural gas
distribution. These plastic pipes and fittings were manufactured by extrusion from Union Carbide Corporation’s DHDA
2077 Tan resin, and was marked PE 2306 in accordance with American Society for Testing and Materials (ASTM)
standards.  Following investigation of a series of incidents, including the December 2, 1979, explosion in a residence
in Tuscola, Illinois, and the October 17, 1994, accident in Waterloo, Iowa, that resulted in several fatalities, it was
established that the Union Carbide’s DHDA 2077 Tan resin lacks adequate resistance to brittle-like cracking and is
prone to relatively short life when subjected to high local stress concentration. The pipe in the Tuscola, Illinois,
accident failed in less than 8 years, and the pipe in the Waterloo, Iowa, accident failed within 23 years in service. It
has been established that Century pipe exhibited significantly higher leak rate in comparison with other polyethylene,
steel, and cast iron pipe used in natural gas distribution systems.

Following the Waterloo, Iowa, accident, RSPA has taken number of actions, including gathering Century pipe
installation data. Also, remedial action has been taken by various operators in mid-western states where much of the
Century pipe produced was known to have been installed. It is RSPA’s understanding that the operators having
Century pipe in their systems have initiated close monitoring and some have replacement program in progress.

NTSB recommended that RSPA notify owners and operators of natural gas systems who continue to use Century pipe
of the potential for premature failures by brittle-like cracking and the need to “[d]evelop a plan to closely monitor the
performance of and to identify and replace, in a timely manner, any piping that indicates poor performance based on
such evaluation factors as installation, operating and environmental conditions, piping failure characteristics and leak
history.”

 

II.  Advisory Bulletin (ADB-99-01)

To:  Owners and Operators of Natural Gas Distribution Pipeline  Systems.

Subject:  Susceptibility of certain polyethylene pipe manufactured by Century Utility Products Inc. to premature
failure due to brittle-like cracking.

Purpose: To advise natural gas distribution pipeline owners and operators of the need to closely monitor and replace
as necessary polyethylene natural gas pipe manufactured by Century Utility Products Inc. between 1970 and 1973
that is susceptible to brittle-like cracking.

 

Advisory: All owners and operators of natural gas distribution systems who have installed and continue to use
polyethylene pipe extruded by Century Utility Products Inc, (now defunct) from the resin DHDA 2077 Tan resin
manufactured by Union Carbide Corporation during the period 1970 to 1973 (Century pipe) are advised that this pipe
may be susceptible to premature failure due to brittle-like cracking.  Premature failures by brittle-like cracking of
Century pipe is known to occur due to poor resin characteristics, excessive local stress intensification caused byAdvisory Bulletin ADB-1999-01
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improper joints, improper installation, and environments detrimental to pipe long-term strength. All distribution
systems containing Century pipe should be monitored to identify pipe subject to brittle-like cracking. Remedial
action, including replacement, should be taken to protect system integrity and public safety.

In addition, in light of the potential susceptibility of Century pipe to brittle-like cracking, RSPA recommends that each
natural gas distribution system operator with Century pipe revise their plastic pipe repair procedure(s) to exclude
pipe pinching for isolating sections of Century pipe. Additionally, RSPA recommends replacement of any Century pipe
segment that has a significant leak history or which for any reason is of suspect integrity.

 

Authority: 49 U.S.C. Chapter 601; 49 CFR 1.53.

Issued in Washington, DC on March 5, 1999.

Richard B. Felder,

Associate Administrator for Pipeline Safety.

[FR Doc. 99-6013 Filed 3-10-99; 8:45 am]

 

BILLING CODE 4910-60-P
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Advisory Bulletin ADB-1999-02

March 3, 1999

[Notices][Page 12212-12213]

DEPARTMENT OF TRANSPORTATION

Research and Special Programs Administration

Potential Failures Due to Brittle-Like Cracking of Older Plastic Pipe in Natural Gas Distribution Systems

AGENCY: Research and Special Programs Administration (RSPA), DOT.

ACTION: Notice; issuance of advisory bulletin on brittle-like failures of plastic pipe to owners and operators of
natural gas distribution systems.

SUMMARY: RSPA is issuing this advisory bulletin to owners and operators of natural gas distribution systems to
inform them of the potential vulnerability of older plastic gas distribution pipe to brittle-like cracking. The National
Transportation Safety Board (NTSB) recently issued a Special Investigation Report (NTSB/SIR-98/01), Brittle-like
Cracking in Plastic Pipe for Gas Service, that described how plastic pipe installed in natural gas distribution systems
from the 1960s through the early 1980s may be vulnerable to brittle-like cracking resulting in gas leakage and
potential hazards to the public and property. RSPA has also issued an additional advisory bulletin (ADB-99-01)
reminding natural gas distribution system operators of the potential poor resistance to brittle-like cracking of certain
polyethylene pipe manufactured by Century Utility Products, Inc.

ADDRESSES: This document can be viewed on the Office of Pipeline Safety (OPS) home page at: http://ops.dot.gov.

FOR FURTHER INFORMATION CONTACT: Gopala K. Vinjamuri, (202) 366-4503, or by email at
gopala.vinjamuri@rspa.dot.gov.

SUPPLEMENTARY INFORMATION:

I. Background

The National Transportation Safety Board (NTSB) recently issued a Special Investigation Report (NTSB/SIR-98/01),
Brittle-like Cracking in Plastic Pipe for Gas Service, that described how plastic pipe installed in natural gas distribution
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systems from the 1960s through the early 1980s may be vulnerable to brittle-like cracking resulting in gas leakage
and potential hazards to the public and property. An NTSB survey of the accident history of plastic pipe suggested
that the material may be susceptible to premature brittle-like cracking under conditions of local stress intensification
because of improper joining or installation procedures. Hundreds of thousands of miles of plastic pipe have been
installed, with a significant amount installed prior to the mid-1980s. NTSB believes any vulnerability of this material
to premature failure could represent a potentially serious hazard to public safety.

The NTSB report addressed the following safety issues:

The vulnerability of plastic pipe to premature failures due to brittle-like cracking;

The adequacy of available guidance relating to the installation and protection of plastic pipe connections to
steel mains; and

Performance monitoring of plastic pipeline systems as a way of detecting unacceptable performance in
piping systems.

Copies of this report may be obtained by calling NTSB’s Public Inquiry Office at 202-314-6551.

The phenomenon of brittle-like cracking in plastic pipe as described in the NTSB report and generally understood
within the plastic pipeline industry relates to a part-through crack initiation in the pipe wall followed by stable crack
growth at stress levels much lower than the stress required for yielding, resulting in a very tight slit-like opening and
gas leak. Although significant cracking may occur at points of stress concentration and near improperly designed or
installed fittings, small brittle-like cracks may be difficult to detect until a significant amount of gas leaks out of the
pipe, and potentially migrates into an enclosed space such as a basement.  Premature brittle-like cracking requires
relatively high localized stress intensification that may be a result from geometrical discontinuities, excessive
bending, improper fitting assemblies, and/or dents and gouges. Because this failure mode exhibits no evidence of
gross yielding at the failure location, the term brittle-like cracking is used. This phenomenon is different from brittle
fracture, in which the failure results in fragmentation of the pipe.

The report suggests that the combination of more durable plastic pipe materials and more realistic strength testing
has improved the reliability of estimates of the long-term hydrostatic strength of modern plastic pipe and fittings.
The report also documents that older polyethylene pipe, manufactured from the 1960s through the early 1980s, may
fail at lower stresses and after less time than was originally projected. NTSB alleges that past standards used to rate
the long-term strength of plastic pipe may have overrated the strength and resistance to brittle-like cracking of much
of the plastic pipe manufactured and used for gas service from the 1960s through the early 1980s.

In 1998, NTSB made several recommendations to trade organizations and to the Research and Special Programs
Administration (RSPA) on the need for a better understanding of the susceptibility of plastic pipe to brittle-like
cracking. NTSB recommended that RSPA “[d]etermine the extent of the susceptibility to premature brittle-like
cracking of older plastic piping (beyond that marketed by Century Utilities Products Inc.) that remains in use for gas
service nationwide.”

 

II.  Advisory Bulletin (ADB-99-02)

To:  Owners and Operators of and Natural Gas Distribution Pipeline Systems

Subject:  Potential susceptibility of plastic pipe installed between the 1960 and the early 1980s to premature failure
due to brittle-like cracking.

Purpose: To inform natural gas distribution pipeline operators of the need to determine the extent of susceptibility to
brittle-like cracking of plastic pipe installed between the years 1960 and early 1980s.

 

Advisory: A review of Office of Pipeline Safety (OPS) reportable natural gas pipeline incidents and the findings of
NTSB Special Investigation Report (NTSB/SIR-98/01) indicates that certain plastic pipe used in natural gas
distribution service may be susceptible to brittle-like cracking. The standards used to rate the long-term strength of
plastic pipe may have overrated the strength and resistance to brittle-like cracking of much of the plastic pipe
manufactured and used for gas service from the 1960s through the early 1980s.

It is recommended that all owners and operators of natural gas distribution systems identify all pre-1982 plastic pipe
installations, analyze leak histories, and evaluate any conditions that may impose high stresses on the pipe.
Appropriate remedial action, including replacement, should be taken to mitigate any risks to public safety.Advisory Bulletin ADB-1999-02
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Authority: 49 U.S.C. Chapter 601; 49 CFR 1.53.

Issued in Washington, D.C. on March 3, 1999.

 

Richard B. Felder,

Associate Administrator for Pipeline Safety.

[FR Doc. 99-6051 Filed 3-10-99; 8:45 am]

 

BILLING CODE 4910-60-P
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Advisory Bulletin ADB-2002-07

November 21, 2002.

[Notices][Page 70806-70808]

Billing Code: 4910-60-P

DEPARTMENT OF TRANSPORTATION

Research and Special Programs Administration

Notification of the Susceptibility to Premature Brittle-like Cracking of Older Plastic Pipe.

AGENCY: Research and Special Programs Administration (RSPA), DOT.

ACTION: Notice; issuance of advisory bulletin.

SUMMARY. RSPA is issuing this follow-up advisory bulletin to owners and operators of natural gas distribution
systems to inform them of the susceptibility to premature brittle-like cracking of older plastic pipe and the voluntary
efforts to collect and analyze data on plastic pipe performance. A Special Investigation Report issued by the National
Transportation Safety Board (NTSB) described how plastic pipe installed in natural gas distribution systems from the
1960s through the early 1980s may be vulnerable to brittle-like cracking resulting in gas leakage and potential
hazards to the public and property. On March 11, 1999, RSPA issued two advisory bulletins on this issue. The first
bulletin reminded natural gas distribution system operators of the potential poor resistance to brittle-like cracking of
certain polyethylene pipe manufactured by Century Utility Products, Inc. The second bulletin advised natural gas
distribution system operators of the potential vulnerability of older plastic pipe to brittle-like cracking.

ADDRESS: This document can be viewed on the Office of Pipeline Safety (OPS) home page at: http://ops.dot.gov.

FOR FURTHER INFORMATION CONTACT: Gopala K. Vinjamuri, (202) 366-4503, or by email at
gopala.vinjamuri@rspa.dot.gov.

SUPPLEMENTARY INFORMATION

Advisory Bulletin ADB-2002-07
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I. Background

 

On April 23, 1998, NTSB issued a Special Investigation Report (NTSB/SIR-98/01), Brittle-like Cracking in Plastic Pipe
for Gas Service, that describes how plastic pipe installed in natural gas distribution systems from the 1960s through
the early 1980s may be vulnerable to brittle-like cracking resulting in gas leakage and potential hazards to the public
and property. An NTSB survey of the accident history of plastic pipe suggested that the material may be susceptible
to premature brittle-like cracking under conditions of local stress intensification because of improper joining or
installation procedures. Hundreds of thousands of miles of plastic pipe have been installed, with a significant amount
installed prior to the early-1980s. NTSB believes any vulnerability of this material to premature cracking could
represent a potentially serious hazard to public safety. Copies of this report may be obtained by calling NTSB's Public
Inquiry Office at 202-314-6551.

 

RSPA has already issued two advisory bulletins on this issue. The first advisory bulletin, ADB-99-O1, which was
published in the Federal Register on March 11, 1999 (47 FR 12211), reminded natural gas distribution system
operators of the potential poor resistance to brittle-like cracking of certain polyethylene pipe manufactured by
Century Utility Products, Inc. The second advisory bulletin, ADB 99-02, also published in the Federal Register on
March 11, 1999 (47 FR 12212), advised natural gas distribution system operators of the potential brittle-like cracking
vulnerability of plastic pipe installed between the 1960s and early 1980s.

 

The phenomenon of brittle-like cracking in plastic pipe as described in the NTSB report and generally understood
within the plastic pipeline industry relates to a part-through crack initiation in the pipe wall followed by stable crack
growth at stress levels much lower than the stress required for yielding, resulting in a very tight slit-like openings
and gas leaks. Although significant cracking may occur at points of stress concentration and near improperly
designed or installed fittings, small brittle-like cracks may be difficult to detect until a significant amount of gas leaks
out of the pipe, and potentially migrates into an enclosed space such as a basement. Premature brittle-like cracking
requires relatively high localized stress intensification that may be a result from geometrical discontinuities, excessive
bending, improper installation of fittings, and dents and gouges. Because this failure mode exhibits no evidence of
gross yielding at the failure location, the term brittle-like cracking is used. This phenomenon is different from brittle
fracture, in which the pipe failure causes in fragmentation of the pipe.

 

The NTSB report suggests that the combination of more durable plastic pipe materials and more realistic strength
testing has improved the reliability of estimates of the long-term hydrostatic strength of modern plastic pipe and
fittings. The report also documents that older polyethylene pipe, manufactured from the 1960s through the early
1980s, may fail at lower stresses and after less time than was originally projected. NTSB alleges that past standards
used to rate the long-term strength of plastic pipe may have overrated the strength and resistance to brittle-like
cracking of much of the plastic pipe manufactured and used for gas service from the 1960s through the early 1980s.

 

In 1998, NTSB made several recommendations to trade organizations and to RSPA on the need for a better
understanding of the susceptibility of plastic pipe to brittle-like cracking. This advisory bulletin responds to one of the
NTSB recommendations. It is that RSPA "[d]etermine the extent of the susceptibility to premature brittle-like
cracking of older plastic piping (beyond that marketed by Century Utilities Products Inc.) that remains in use for gas
service nationwide. Inform gas system operators of the findings and require them to closely monitor the performance
of the older plastic piping and to identify and replace, in a timely manner, any of the piping that indicates poor
performance based on such evaluation factors as installation, operating, and environmental conditions; piping failure
characteristics; and leak history."

 

In order to obtain the most complete information on the extent of the susceptibility to premature brittle-like cracking
of older plastic pipe, a meeting was convened in May 1999 with all the stakeholders to determine how information on
older plastic pipe could be assembled. The meeting included representatives of the American Gas Association (AGA),
the American Public Gas Association (APGA), the Gas Research Institute (GRI) (now the Gas Technology Institute),
the Midwest Energy Association (MEA), and the Plastic Pipe Institute (PPI).
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As a result of the May 1999 meeting, the Joint Government-Industry Plastic Pipe Study Committee was formed to
address the recommendations of the NTSB Special Investigation Report. The committee held three separate meetings
to prepare a draft response to the NTSB recommendations and a draft industry notification of brittle-like cracking
problems, the subject of this advisory bulletin. The committee membership consisted of a representative from OPS, a
gas distribution operator from AGA, and the Transportation Safety Institute. Meetings were facilitated by General
Physics Corporation, Columbia, MD. One of the committee findings was that there is a lack of data available from the
industry to completely identify older plastic pipe that is still in service and may be susceptible to brittle-like cracking.

 

This finding led to the formation of the Plastic Pipe Database Committee (PPDC) to develop a process for gathering
data on future plastic pipe failures with involvement from the states, which have assumed the authority from OPS
over gas distribution systems, where most of the plastic pipe is installed. The PPDC is comprised of representatives
from Federal and State regulatory agencies and from the natural gas and plastic pipe industries. Members include
AGA, APGA, PPI, the National Association of Regulatory Utility Commissioners (NARUC), the National Association of
Pipeline Safety Representatives (NAPSR), and OPS.

 

The PPDC database is expected to improve the knowledge base of gas utility operators and regulators and is intended
to help reveal any failure trends associated with older plastic piping materials. The PPDC's mission is "to develop and
maintain a voluntary data collection process that supports the analysis of the frequency and causes of in-service
plastic piping material failures." It provides an opportunity for government and industry to work together to evaluate
the extent of plastic pipe performance problems and to mitigate any risks to safety. The PPDC started gathering data
in January 2001 from OPS and State pipeline safety agencies. For more information on the PPDC, go to the AGA web
page (www.aga.org), and enter "PPDC" in the keyword search.

 

II. Advisory Bulletin (ADB-02-7)

 

To: Owners and Operators of Natural Gas Distribution Pipeline Systems

 

Subject: Notification of the Susceptibility to Premature Brittle-like Cracking of Older Plastic Pipe.

 

Advisory: In recent years, brittle-like cracking has been observed in some polyethylene pipes installed in gas service
through the early 1980s. This brittle-like cracking (also known as slow crack growth) can substantially reduce the
service life of polyethylene piping systems.

 

The susceptibility of some polyethylene pipes to brittle-like cracking is dependent on the resin, pipe processing, and
service conditions. A number of studies have been conducted on older polyethylene pipe. These studies have shown
that some of these older polyethylene pipes are more susceptible to brittle-like cracking than current materials.
These older polyethylene pipe materials include the following:

Century Utility Products, Inc. products.

Low-ductile inner wall "Aldyl A" piping manufactured by Dupont Company before 1973.

Polyethylene gas pipe designated PE 3306. (As a result of poor performance this designation was removed
from ASTM D-2513.)

The environmental, installation, and service conditions under which the piping is used are factors that could lead to
premature brittle-like cracking of these older materials. These conditions include, but are not limited to:

Inadequate support and backfill during installation

Rock impingement

Shear/bending stresses due to differential settlement resulting from factors such as:Advisory Bulletin ADB-2002-07
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o   Excavation in close proximity to polyethylene piping

Directional drilling in close proximity to polyethylene piping

Frost heave

Bending stresses due to pipe installations with bends exceeding recommended practices

Damaging squeeze-off practices

 

Service temperatures and service pressures also influence the service life of polyethylene piping. Piping installed in
areas with higher ground temperatures or operated under higher operating pressures will have a shorter life.

 

Gas system operators may experience an increase in failure rates with a susceptible material. A susceptible material
may have leak-free performance for a number of years before brittle-like cracks occur. An increase in the occurrence
of leaks will typically be the first indication of a brittle-like cracking problem. It is the responsibility of each pipeline
operator to monitor the performance of their gas system. RSPA issues the following recommendations to aid
operators in identifying and managing brittle-like cracking problems in polyethylene piping involving taking
appropriate action, including replacement, to mitigate any risks to public safety.

 

Because systems without known susceptible materials may also experience brittle-like cracking problems, RSPA
recommends that all operators implement the following practices for all polyethylene piping systems:

1.       Review system records to determine if any known susceptible materials have been installed in the system.
Both engineering and purchasing records should be reviewed. Based on the available records, identify the
location of the susceptible materials. More frequent inspection and leak surveys should be performed on
systems that have exhibited brittle-like cracking failures of known susceptible materials.

2.       Establish a process to identify brittle-like cracking failures. Identification of failure types and site
installation conditions can yield valuable information that can be used in predicting the performance of the
system.

3.       Use a consistent record format to collect data on system failures. The AGA Plastic Failure Report form
(Appendix F of the AGA Plastic Pipe Manual) provides an example of a report for the collection of failure data.

4.       Collect failure samples of polyethylene piping exhibiting brittle-like cracking. Evidence of brittle-like
cracking may warrant laboratory testing. Although every failure may not warrant testing, collecting samples at
the time of failure would provide the opportunity to conduct future testing should it be deemed necessary.

5.       Whenever possible record the print line from any piping that has been involved in a failure. The print line
information can be used to identify the resin, manufacturer and year of manufacture for plastic piping.

6.       For systems where there is no record of the piping material, consider recording print line data when piping
is excavated for other reasons. Recording the print line data can aid in establishing the type and extent of
polyethylene piping used in the system.

 

(49 U.S.C. chapter 601; 49 CFR 1.53)

Issued in Washington, DC, on November 21, 2002.

 

Stacey L. Gerard

Associate Administrator for Pipeline Safety.
Advisory Bulletin ADB-2002-07
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[FR Doc. 02-30055 Filed 11-25-02; 8:45 am]
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KY PSC Case No. 2021-00183 
Response to the Attorney General’s Data Request Set One No. 22 

 Respondent:  David Roy 
 

COLUMBIA GAS OF KENTUCKY, INC. 
RESPONSE TO ATTORNEY GENERAL’S FIRST REQUEST FOR INFORMATION 

DATED JULY 7, 2021 
 

22. Refer to the Roy Testimony, page 46, and Attachment DAR-2, Annual Budget to 

Actual Capital. Explain why the annual actual capital expenditures have increased from 

approximately $14 million in 2011 to a projected $69 million in 2022. 

Response:  

The capital expenditures have increased in large part due to Columbia increasing the 

annual rate of mileage replaced to meet the 30 year commitment to have bare steel and 

cast iron eliminated. Additionally, costs in about every other cost category have increased 

especially in the areas of contractor costs, labor costs, restoration costs, inspection costs, 

and flagging costs. Some of these increases have been a reaction to higher expectations 

from permitting agencies or changes in municipal ordinances. Flagging costs have 

increased as a result of increased incidents of work zone intrusions.  



KY PSC Case No. 2021-00183 
Response to the Attorney General’s Data Request Set One No. 23 

 Respondent:  David Roy 
 

COLUMBIA GAS OF KENTUCKY, INC. 
RESPONSE TO ATTORNEY GENERAL’S FIRST REQUEST FOR INFORMATION 

DATED JULY 7, 2021 
 

23. Refer to the Roy Testimony, page 50, in which he states that Optimain DS will be 

replaced in 2021 with Uptime MRP. Mr. Roy further states that Columbia is making the 

change because Optimain’s provider, Opvantek, was acquired by a firm named Urbint 

and it is understood that Optimain will be retired and replaced with another product.  

a. Explain whether Columbia Kentucky has already purchased the Uptime MRP. 

b. Explain whether Optimain has been retired and replaced by another product, or if 

it still just “understood” that it will be retired and replaced.  

c. If Optimain has not been retired and replaced by another product yet, explain why 

Columbia Kentucky purchased the Uptime MRP until Optimain was no longer able to be 

used and useful. 

Response:  

a. Columbia has contracted with DNV to purchase Uptime MRP. Uptime MRP is 

expected to go live in Q3 of 2021, so that engineers can begin training on the new tool.  



b. Optimain has not been retired, it is just understood that it will be retired and replaced.  

c. Optimain is very near the end of its useful life. Columbia determined that it was 

prudent to begin the implementation of the new tool, to allow for time to stand up the 

new tool and train users on how to use it. In addition, Uptime MRP is being 

implemented in conjunction with the implementation of a new probabilistic risk 

assessment (PRA) model called Synergi Pipeline.  Synergi Pipeline calculates the risk 

score that is being used by Uptime MRP. Columbia Kentucky wanted to be able to use 

the risk score from Synergi Pipeline, to prioritize mains for replacement, because it 

takes more threats and consequences into account than Optimain DS does. This 

provides a greater level of understanding of risk to our assets, providing a better 

opportunity to prioritize mains for replacement. 

 



KY PSC Case No. 2021-00183 
Response to the Attorney General’s Data Request Set One No. 24 

 Respondent:  Judy Cooper 
 

COLUMBIA GAS OF KENTUCKY, INC. 
RESPONSE TO ATTORNEY GENERAL’S FIRST REQUEST FOR INFORMATION 

DATED JULY 7, 2021 
 

24. Refer to the Direct Testimony of Judy Cooper (“Cooper Testimony”), pages 7 – 8. 

Ms. Cooper asserts that Columbia Kentucky does not maintain a cost allocation manual 

pursuant to exemption provisions of KRS 278.2203 and KRS 278.2205. Ms. Cooper further 

states that the only non-regulated activity that Columbia engages in is the provision of 

incidental billing services for two entities that were previously affiliates, but were sold in 

2003 and are no longer affiliates. Ms. Cooper concludes that Columbia Kentucky’s                                                                                                                       

rendering of billing services are “incidental” as defined in KRS 278.2203(4), and Columbia 

is not required to file a cost allocation manual.  

a. Explain whether the Commission has ever ruled that Columbia Kentucky was 

exempt from filing a cost allocation manual, and if so, provide the case citation to the 

same.  

b. Identify the two entities that Columbia Kentucky provides billing services for, as 

well as the amount of revenue received by Columbia Kentucky for these services. 



c. Explain how Columbia Kentucky uses the revenues acquired for the billing 

services. 

Response:  

a. KRS 278.2205 requires any utility that engages in a nonregulated activity whose 

revenue exceeds the amount provided for incidental nonregulated activities to develop 

and maintain a cost allocation manual. Columbia’s exemption from filing a cost allocation 

manual is pursuant to the exemption provisions of KRS §§ 278.2203 and KRS 278.2205 

and does not require a Commission Order.  

b. Columbia provides billing services for NICOR-AGL and for Columbia Service Part-

ners (“Service Partners”). Service Partners was previously an affiliate, but was sold in 

2003 and is no longer an affiliate. Total revenues in 2020 from NICOR-AGL were 

$20,399.69, and $24,815.80 from Service Partners.  

c.  The revenues are booked to FERC account 495. 



KY PSC Case No. 2021-00183 
Response to the Attorney General’s Data Request Set One No. 25 

 Respondent:  Jeff Gore 
 

COLUMBIA GAS OF KENTUCKY, INC. 
RESPONSE TO ATTORNEY GENERAL’S FIRST REQUEST FOR INFORMATION 

DATED JULY 7, 2021 
 

25. Refer to the Direct Testimony of Jeffery T. Gore (“Gore Testimony”), page 10. Mr. 

Gore states that an adjustment was made to add $2.6 million to 2021 in-service additions 

to account for the 2020 capital spend that was not placed into service as portrayed in the 

forecast.  

a. Provide a breakdown by project and category of the $2.6 million dollar in-service 

addition. 

b. Provide an itemized explanation of the 2020 capital spend that was not placed into 

service. 

Response:  

a & b.   The $2.6 million was calculated as the forecasted decline in Construction 

Work In Progress (“CWIP”) that would occur in 2021. The December 2020 actual CWIP 

balance was $12.9 million or $2.6 million higher than the forecasted December 2021 CWIP 

balance of $10.3 million.   There is not a specific identification of balances in the December 

2020 CWIP that relate to this adjustment.  



The $2.6 million was added into the 2021 additions in the following Gas Plant Accounts: 

• $2.1 million – Mains – Gas Plant Account 376 

• $0.5 million – Services – Gas Plant Account 380 

 

 

   



KY PSC Case No. 2021-00183 
Response to the Attorney General’s Data Request Set One No. 26 

 Respondents:  Jeff Gore and Michael Rozsa 
 

COLUMBIA GAS OF KENTUCKY, INC. 
RESPONSE TO ATTORNEY GENERAL’S FIRST REQUEST FOR INFORMATION 

DATED JULY 7, 2021 
 

26. Refer to the Gore Testimony, pages 10 – 11.  

a. Explain what Cloud Computing Investments entails. 

b. Provide the total cost of Cloud Computing Investments. 

Response:  

a. Refer to testimony of Columbia witness Rozsa. Page 14, Line 18.  Cloud 

Computing, or Software-as-a-Service (SaaS), describes the use of web-based 

technology to access computer applications operated and maintained by outside 

vendors on their own IT platform/infrastructure.  This methodology differs from 

the traditional method of acquiring software applications and implementing them 

on the Company’s IT hardware.   The benefits of Cloud Computing are discussed 

in Columbia witness Rozsa testimony on page 15. 

b. As of February 28, 2021, the company had investments totaling $488,067 in Gas 

Plant Account 303.99 – Cloud Software. 



KY PSC Case No. 2021-00183 

Response to the Attorney General’s Data Request Set One No. 27 

 Respondent: Jeff Gore 

 

COLUMBIA GAS OF KENTUCKY, INC. 

RESPONSE TO ATTORNEY GENERAL’S FIRST REQUEST FOR INFORMATION 

DATED JULY 7, 2021 

 

27. Refer to the Gore Testimony, page 14.  

a. Explain what Account 252 is currently used for, and why the balance is zero. 

b. Provide the total amount of customer advances for construction that Columbia 

Kentucky used as a reduction to rate base. 

Response:  

a. The statement in Gore Testimony, page 14, line 16, “As of February 28, 2021, the 

balance in Account 252 is zero” should have been “As of February 28, 2021, the 

balance in Account 25200000 is offset by the balance in Account 18600400”.  

Customer Advances are recorded as a credit to Account 25200000 offset by a debit 

to Cash (Account 13100000) when received.  An additional entry is made to credit 

the appropriate plant account (Construction Work in Progress – Account 107) and 

debit Account 18600400.  The net result is the customer advance is included as a 

reduction to plant in service when the project is placed into service.  The balance 

sheet also carries a debit in Account 18600400 and a credit to Account 2520000 for 



customer advances.  Due to the timing of the accounting closing, the two entries 

are not always made within the same accounting closing which causes month end 

balances in Account 25200000 and Account 18600400 to not completely offset. 

b. Please see below for the per book amounts related to Customer Advances as of 

February 28, 2021.  

               

 Customer Advances 

Post 12/31/99 

Account 25200000 

Customer Advances 

Post 12/31/99 

Account 18600400 

February 28, 2021 (2,824,444.26) 

 

2,827,732.35 

 

The offset to the Account 18600400 balance has been recorded in plant account 

balances.  Therefore the plant in service balance includes the appropriate reduction 

for customer advances and no further adjustment is needed to rate base.  Also note 

for the projected periods in this filing, Columbia’s capital expenditures are net of 

Customer Advances. 

 

 



KY PSC Case No. 2021-00183 
Response to the Attorney General’s Data Request Set One No. 28 

 Respondent:  Jeff Gore 
 

COLUMBIA GAS OF KENTUCKY, INC. 
RESPONSE TO ATTORNEY GENERAL’S FIRST REQUEST FOR INFORMATION 

DATED JULY 7, 2021 
 

28. Refer to the Gore Testimony, pages 23 and 24. In reference to credit card payments, 

Mr. Gore states, “[b]ased on history obtained from other NiSource jurisdictions, the cost 

of the expected customers utilizing this payment option are calculated and offset by the 

costs that would discontinue as customers switch from other payment options.” Provide 

clarification for this sentence. 

Response:  

The request in this case covers the transaction fees associated with projected payment 

volumes resulting from the elimination of fees for credit card, debit card, ACH 

electronic payments, and walk-in customer payments for residential customers. The 

projected growth in credit and debit card payments is based on the growth experienced 

by other utilities that offer cards at no convenience fee, as well as information from the 

third party credit card, debit card and ACH vendor. Columbia estimates that credit 

card, debit card, and ACH payment volumes will increase by 21.88 percent as a result of 

plans to offer these payment channels at no additional charge per transaction. This 

percentage increase is based on the historical residential customer credit/debit card and 



ACH payment volume increases experienced by affiliate operating companies. The 

payment volume increase was applied to Columbia’s credit card, debit card and ACH 

payment volumes experienced for the twelve-month period ended March 31, 2020.  The 

historical transactions for the twelve-month period ended March 31, 2020 was chosen 

due to the impact of COVID-19 on customer payment behavior. The credit card, debit 

card and ACH payment volume increase is off-set by affiliate operating companies’ 

reduction in lockbox, in-house, and walk-in transactions experienced. The projected 

costs on an annual basis for credit cards, debit cards, ACH, and walk-in payments in the 

initial year, and included in the Company’s pro forma level of NCSC billed O&M 

expense. The calculation and supporting documentation utilized to project the annual 

level of residential transaction fee costs are included in Attachment JTG-3 of Columbia 

witness Gore's testimony.  

 



KY PSC Case No. 2021-00183 
Response to the Attorney General’s Data Request Set One No. 29 

 Respondent:  Jeff Gore 
 

COLUMBIA GAS OF KENTUCKY, INC. 
RESPONSE TO ATTORNEY GENERAL’S FIRST REQUEST FOR INFORMATION 

DATED JULY 7, 2021 
 

29. Refer to the Gore Testimony, page 24. Mr. Gore states that the costs reflecting 

carrying charges related to financing the arrearage payment plans accumulated between 

March 16, 2020 and October 1, 2020, are included in the pending case.  

a. Provide the total cost for the aforementioned carrying charges. 

b. Provide the rate applied to these arrearages. 

c. Provide Columbia Kentucky’s weighted average long-term debt rate. 

d. Confirm that pursuant to the Commission’s September 21, 2020 Order in Case No. 

2020-00085, the rate applied to these arrearages is to be no more than Columbia 

Kentucky’s weighted average long-term debt rate. 

 

 

 

 



Response:  

a. The carrying costs recorded through June 2021 are detailed below:  

 

Note, the total COVID costs included in Adjustment 16 in Schedule D-2.4 were $33,954.  

This amount reflected the carrying costs noted above through April 2021 of $38,135 along 

with a credit of $4,181 related to a tax incentive earned for keeping employees on the 

payroll during the beginning of the pandemic.  The information provided above includes 

May and June carrying costs that were not available when the case was filed. 

b. Rate applied to arrearages: 5.64%. 

c. The carrying cost calculation detailed in part a. uses 5.64% which is the same as the 

Long Term Debt rate used in the annual SMRP filing.  The most recent SMRP filing (Case 

No. 2021-00151, approved on May 5, 2021) reflected the annual true-up of calendar year 

2020 using this same Long Term Debt rate. 

Balance Annual Rate Monthly Rate Carrying Cost
Nov-20 2,088,252               5.64% 0.47% 9,814.79                        
Dec-20 1,603,318               5.64% 0.47% 7,535.60                        
Jan-21 1,368,724               5.64% 0.47% 6,433.00                        
Feb-21 1,230,361               5.64% 0.47% 5,782.70                        
Mar-21 999,680                  5.64% 0.47% 4,698.49                        
Apr-21 823,424                  5.64% 0.47% 3,870.09                        

May-21 643,996                  5.64% 0.47% 3,026.78                        
Jun-21 446,973                  5.64% 0.47% 2,100.77                        

Total 43,262.23                     

Carrying Cost Calculation



d. The rate utilized in the carrying charge calculation is the Company’s average LTD 

interest rate. 

 



KY PSC Case No. 2021-00183 
Response to the Attorney General’s Data Request Set One No. 30 

 Respondent:  Kevin Johnson 
 

COLUMBIA GAS OF KENTUCKY, INC. 
RESPONSE TO ATTORNEY GENERAL’S FIRST REQUEST FOR INFORMATION 

DATED JULY 7, 2021 
 

30. Refer to the Direct Testimony of Kevin L. Johnson (“Johnson Testimony”), pages 

17 – 18. Mr. Johnson states that the test year working capital requirement resulting from 

the application of the lead lag method was a negative $6,942,997; however, Columbia 

Kentucky made no adjustment for the negative cash working capital. 

a. Provide the amount of cash working capital that Columbia Kentucky is requesting 

in the pending case. 

b. Provide the amount of cash working capital that Columbia Kentucky was awarded 

in the past three rate cases based upon the 1/8 of Operating and Maintenance Expense 

Methodology.  

c. Explain how it is fair, just, and reasonable for Columbia Kentucky to refuse to 

make the almost $7 million dollar adjustment that would benefit the Columbia Kentucky 

ratepayers.  

d. Explain why Columbia Kentucky believes that not selling receivables to a third 

party is justification to not make an adjustment for cash working capital. 



Response:  

a.  Columbia Kentucky is requesting a $0 Cash Working Capital adjustment in this case. 

b.  In the three previous cases, Columbia Kentucky was permitted to use the 1/8th of 

Operating & Maintenance Expenses method of calculating Cash Working Capital.  

These three rate cases were blackbox settlements so the amount of Cash Working 

Capital awarded was not stated. 

The Cash Working Capital amounts filed for in Rate Base in each of the cases were: 

Case No. 2016-00162 - $5,636,879 

Case No. 2013-00167 - $4,081,898 

Case No. 2009-00141 - $3,800,230 

c.  The calculated negative Cash Working Capital requirement is driven by the 

company’s effective cash management processes.  Reducing Rate Base for Cash 

Working Capital creates a disincentive to effectively manage its cash and does not 

encourage efficiency and cost minimization. 

d.  In both Case No. 2019-00271 and 2020-00174, the Commission reduced the cash 

working capital adjustment to zero as a result of the sale of accounts receivable even 

though the results could have resulted in a negative amount.  Please also see the 

response to part c above. 



KY PSC Case No. 2021-00183 
Response to the Attorney General’s Data Request Set One No. 31 

 Respondent:  Kevin Johnson 
 

COLUMBIA GAS OF KENTUCKY, INC. 
RESPONSE TO ATTORNEY GENERAL’S FIRST REQUEST FOR INFORMATION 

DATED JULY 7, 2021 
 

31. Refer to the Johnson Testimony, page 38. Mr. Johnson states that it is reasonable 

and appropriate to collect a proportion of fixed non-gas costs through the fixed monthly 

customer charge.  

a. Explain in detail how it is fair, just, and reasonable to increase the General Service 

Residential (“GSR”) monthly customer charge from $16.00 to $29.20, or an 82.5% increase, 

in addition to raising the delivery charge per Mcf.  

b. Explain in detail how this comports with the longstanding principles of 

gradualism. 

Response:  

a. The current fixed costs on a residential customer’s bill are the Customer Charge 

($16.00) and the SMRP Rider ($6.63) for a total of $22.63.  With Columbia’s 

proposed increase, the fixed charge for the SMRP Rider will be rolled into the 

Customer Charge which would result in the residential customers seeing an 

approximately 29% increase in fixed charges on their bills, not the 82.5% increase 



noted in this request (See Attachment KLJ-RDES-1, Page 2 of Witness Johnson’s 

Direct Testimony). The approximately 29% increase in the residential class is 

slightly above the total company increase of 27.95% representing a gradual 

increase to parity. 

b. While there is no hard and fast rule with respect to applying the concept of 

gradualism in developing a revenue distribution, typically an increase of 1.5 to 2.0 

times the system average increase is considered a maximum range to still be 

consistent with the concept of gradualism.  Certainly comparing the 

approximately 29% increase in the residential class to the total company increase 

of 27.95%, a factor of 1.04 is well below the standard of gradualism.  It is also 

important to note that the 29% increase is caused by the change in the Company’s 

cost of service over the 5 years since base rates were last changed (about 5.8% per 

year).  

Please also see the response to Columbia’s Response to the Staff’s Second Set of 

Requests for Information, No. 18 for an explanation of how the company’s 

proposed increase is in the interest of gradualism. 

 



KY PSC Case No. 2021-00183 
Response to the Attorney General’s Data Request Set One No. 32 

 Respondent: Kevin Johnson 
 

COLUMBIA GAS OF KENTUCKY, INC. 
RESPONSE TO ATTORNEY GENERAL’S FIRST REQUEST FOR INFORMATION 

DATED JULY 7, 2021 
 

32. Refer to the Johnson Testimony generally. 

a. Provide an executable Excel format of all three of the class cost of service studies. 

b. Provide all workpapers in Excel format used to develop every allocation factor. 

c. Provide all workpapers, regression analyses, and data inputs in Excel format used 

to develop design day demands. 

d. Provide proof of present and proposed revenues by rate schedule in excel format.  

e. Provide all workpapers and analyses supporting Columbia Kentucky’s calculated 

customer costs in excel format. 

Response:  

a & b.   Please see the following attachments for each of the three allocated cost of 
service studies presented.  The workpapers to develop the allocation factors are 
included in each of the files. 

• KY PSC Case No. 2021-00183, AG 1-032, Attachment A - Electronic version of 

KLJ-ACOS-1 – Customer / Demand ACOS 



• KY PSC Case No. 2021-00183, AG 1-032, Attachment B - Electronic version of 

KLJ-ACOS-2 – Demand / Commodity ACOS 

• KY PSC Case No. 2021-00183, AG 1-032, Attachment C - Electronic version of 

KLJ-ACOS-3 – Average of Customer/Demand and Demand/Commodity 

c.   Please see the following attachments: 
 

• KY PSC Case No. 2021-00183, AG 1-032, Attachment D - Work papers used to 

develop the 2020 Design Day Forecast 

• KY PSC Case No. 2021-00183, AG 1-032, Attachment E -  Firm Design Day 

Forecast analysis 

• KY PSC Case No. 2021-00183, AG 1-032, Attachment F -  Non-Firm Design Day 

Forecast analysis 

d.   Please refer to Columbia’s Response to Staff’s First Request for Information No. 55 
for the present and proposed revenues by rate schedule in excel format. 

e.  Please refer to Attachment R in Columbia’s Response to Staff’s First Request for 
Information No. 55 and see tabs “Rate Design KLJ-RDES-1”, “Rate Design KLJ-RDES-
2”, “Rate Design KLJ-RDES-3”, and “Rate Design KLJ-RDES-4” for the electronic 
versions of Witness Johnson’s rate design attachments. 

Please also refer to Attachment S in Columbia’s Response to Staff’s First Request for 

Information No. 55 showing Schedule N (Typical Bill Comparisons) in excel format. 



KY PSC Case No. 2021-00183 
Response to the Attorney General’s Data Request Set One No. 33 

 Respondent:  Melissa Bartos 
 

COLUMBIA GAS OF KENTUCKY, INC. 
RESPONSE TO ATTORNEY GENERAL’S FIRST REQUEST FOR INFORMATION 

DATED JULY 7, 2021 
 

33. Refer to the Direct Testimony of Melissa Bartos (“Bartos Testimony”), pages 7 – 

10. Ms. Bartos avers that the residential customer count forecast produced by the 

econometric model for March 2021 is increased by 630 customers to account for the 

additional residential customers that are estimated to be on the system as a result of the 

Covid-19 Moratorium. Ms. Bartos states that although terminations of service resumed 

in late February 2021, Columbia Kentucky did not automatically terminate delinquent 

customers, but instead, worked with customers to develop payments arrangements and 

identify newly available assistance funding. Ms. Barton concludes that it is expected over 

time that the differential of 630 additional residential customers will phase out as 

termination procedures are reinstated and the normal cycle of customer counts returns, 

and therefore, residential customers had to be removed for several months in the 2021 

period.  

a. Confirm that Ms. Bartos removed 630 residential customers from the March 2021 

– October 2021 base and forecasted test periods.  



b. Confirm that there is no evidence of record to indicate that any of the 630 

customers will break the payment arrangements and be terminated as Columbia 

Kentucky customers. 

c. Explain whether the 630 residential customers were added back in for the period 

beginning in November 2021. If not, explain why not. 

Response:  

a. Not confirmed.  630 residential customers were added to the raw model output for 

March 2021.  551 customers were added to the raw model output for April 2021.  

The number of customers added to the raw model output decreases each month 

through October 2021, with 79 customers added to the raw model output for 

October 2021.  There are no customers added to the raw model output for 

November 2021-December 2022. 

b. The 630 customers that were added to the raw model output for March 2021 

represent an estimate for the level of customer count inflation over what would 

have been expected if there had not been a COVID-19 Moratorium on shut-offs.  

There are no specific customers identified that represent the 630 customer 

adjustment, therefore there cannot be any evidence that any of the specific 630 

customers will break payment arrangements; however, CKY has experienced a net 

loss of 1,600 residential customers since February 2021.   



c. No, the 630 residential customers were not added back in for the period beginning 

November 2021 because it is expected that the artificial increase in customer 

counts caused by the COVID-19 moratorium is temporary and by the beginning 

of next winter customer counts will return to normal, expected levels as produced 

by the raw model output. 

 



KY PSC Case No. 2021-00183 
Response to the Attorney General’s Data Request Set One No. 34 

 Respondent:  Melissa Bartos 
 

COLUMBIA GAS OF KENTUCKY, INC. 
RESPONSE TO ATTORNEY GENERAL’S FIRST REQUEST FOR INFORMATION 

DATED JULY 7, 2021 
 

34. Refer to the Bartos Testimony, page 11. Ms. Bartos states that an indicator variable 

was added to the residential use per customer count model for the months of April 2020, 

May 2020, October 2020, December 2020, January 2021, and February 2021, because data 

indicates that residential use per customer was significantly affected in those months. Ms. 

Bartos later states that because the effects from the short-term Covid-19 shutdowns are 

expected to be over, no adjustment to the forecasted use per customer is necessary.   

a. Provide a detailed explanation as to the indicator variable that was applied. 

b. Confirm that “significantly affected” means that the residential usage was much 

higher in April 2020, May 2020, October 2020, December 2020, January 2021, and 

February 2021, than in prior years. 

c. Explain in full detail why the aforementioned months were chosen to add an 

indicator variable to the residential use per customer count. 

d. Provide evidence that moving forward residential customer usage will not 

continue to be higher than prior years due to the Covid-19 pandemic. 



Response: 

a. As explained in the Direct Testimony of Melissa Bartos, footnote 1, page 5, an 

indicator variable represents 1 during a time related event, and 0 otherwise.  

Separate indicator variables were applied for each month in which residential use 

per customer (“UPC”) was affected by COVID-19. The table below shows the 

values of the indicator variables in the residential UPC model for the months 

identified.   (Format = DYYYYMM, so D202004 = April 2020; D202005 = May 2020, 

etc.) 

 

 
 

b. Not confirmed.  As shown in the table above, the coefficients on the indicator 

variables are negative, indicating that actual residential UPC in these months was 

lower than what would have otherwise been expected. 

c. The aforementioned months were chosen to add an indicator variable to the 

residential UPC model because it was expected that the shutdowns associated 

with the COVID-19 pandemic may have an impact on residential UPC, and 



indicator variables were statistically significant in those months.  See also 

Columbia’s Response to the Staff’s Second Set of Requests for Information, No. 24. 

d. As explained in sub-part b above, residential UPC during the COVID-19 pandemic 

was lower than would have otherwise been expected, so the premise of the 

question is false.  

 



KY PSC Case No. 2021-00183 
Response to the Attorney General’s Data Request Set One No. 35 

Respondent: Melissa Bartos 

COLUMBIA GAS OF KENTUCKY, INC. 
RESPONSE TO ATTORNEY GENERAL’S FIRST REQUEST FOR INFORMATION 

DATED JULY 7, 2021 

35. Refer to the Bartos Testimony, page 16, Table 1 – Forecasted Customer Counts

(Year End). 

a. Under the heading “Sales Customers by Class,” identify the two wholesale

customers. 

b. Under the heading “Sales Customers by Class,” identify the one electric generation

customer. 

c. Provide the actual residential sales customer counts for each year between 2016 -

2020.  

d. Under the heading “Transportation Customers by Class,” explain why Columbia

Kentucky is forecasting to lose a significant amount of residential customers. 

e. Provide the actual residential transportation customer counts for each year

between 2016 – 2020.  

CONFIDENTIAL



f. Under the heading “Transportation Customers by Class,” explain why Columbia 

Kentucky is forecasting to lose a large amount of commercial customers.  

g. Provide the actual commercial transportation customer counts for each year 

between 2016 – 2020. 

Response:  

a. The two wholesale sales customers are  

 

b. The electric generation customer is  

c. The following table contains actual residential sales customer counts for 2016 - 

2020.  

 Residential Sales 
Customers (year end) 

2016 100,406  
2017 102,443  
2018 104,305  
2019 105,929  
2020 108,375  

 

d. As a preliminary matter, the Company would not characterize the forecasted loss 

in residential transportation customers as "significant" as it is consistent with history.  

Please also see Columbia’s Response to Staff’s Second Set of Requests for Information, 

No. 25a. 

CONFIDENTIAL



e. The following table contains actual residential transportation customer counts for 

2016 – 2020.  

 Residential Transportation 
Customers (year end) 

2016 20,958  
2017 19,187  
2018 17,843  
2019 16,719  
2020 15,552  

 

f. As a preliminary matter, the Company would not characterize the forecasted loss 

in commercial transportation customers as "large" as it is consistent with history.  Please 

also see Columbia’s Response to Staff Second Set of Requests for Information , No. 25a.  

g. The following table contains actual commercial transportation customer counts for 

2016 – 2020. 

 Commercial Transportation 
Customers (year end) 

2016 3,639  
2017 3,432  
2018 3,199  
2019 2,977  
2020 2,822  

 

 

CONFIDENTIAL



KY PSC Case No. 2021-00183 
Response to the Attorney General’s Data Request Set One No. 36 

 Respondent:  Melissa Bartos 
 

COLUMBIA GAS OF KENTUCKY, INC. 
RESPONSE TO ATTORNEY GENERAL’S FIRST REQUEST FOR INFORMATION 

DATED JULY 7, 2021 
 

36. Refer to the Bartos Testimony, page 16, Table 2 – Forecasted Annual Volume 

(CCF).  

a. Under the heading “Sales Volumes by Class,” explain why Columbia Kentucky is 

forecasting lower sales volume for the residential class in 2022 than in 2021.  

b. Provide the actual sales volumes for the residential class for each year between 

2016 – 2020.  

c. Under the heading “Sales Volumes by Class,” explain why Columbia Kentucky is 

forecasting lower sales volumes for the commercial class in 2022, 2023, and 2024 than in 

2021. 

d. Provide the actual sales volumes for the commercial class for each year between 

2016 – 2020.  

e. Under the heading “Sales Volumes by Class,” explain why Columbia Kentucky is 

forecasting lower sales volumes for the wholesale class in 2022, 2023, and 2024 than in 

2021. 



f. Provide the actual sales volumes for the wholesale class for each year between 

2016 – 2020.  

g. Under the heading “Transportation Volumes by Class,” explain why Columbia 

Kentucky is forecasting to lose a significant amount of transportation volumes from the 

residential class. 

h. Provide the actual residential class transportation volumes for each year between 

2016 – 2020.  

i. Under the heading “Transportation Volumes by Class,” explain why Columbia 

Kentucky is forecasting to lose a small amount of transportation volumes from the 

commercial class. 

j. Provide the actual commercial class transportation volumes for each year between 

2016 – 2020. 

Response:  

a. Residential sales volumes forecasted for 2022 are lower than 2021 primarily 

because 2021 data contains actuals for January and February 2021, and February 2021 was 

materially colder than normal (February 2021 had over 11% higher HDD than normal). 

b. The following table contains actual residential sales volumes for 2016 – 2020:  



 Residential Sales 
Volumes (CCF) 

2016     57,196,950  
2017     57,393,590  
2018     73,925,180  
2019     68,584,320  
2020     62,990,940  

  

c. Commercial sales volumes forecasted for 2022, 2023, and 2024 are lower than 2021 

primarily because 2021 data contains actuals for January and February 2021, and 

February 2021 was materially colder than normal (February 2021 had over 11% higher 

HDD than normal). 

d. The following table contains actual commercial sales volumes for 2016 – 2020:  

 Commercial Sales 
Volumes (CCF) 

2016 29,768,420  
2017 30,812,360  
2018 39,307,580  
2019 37,256,710  
2020 33,349,140  

  

e. The wholesale sales volume forecast is an allocation from the total commercial 

sales volume forecast, and therefore the wholesale sales volume forecast follows a similar 

growth pattern as commercial sales.  Please also see the response to subpart c above. 

f. The following table contains actual wholesale sales volumes for 2016 – 2020:  



 Wholesale Sales 
Volumes (CCF) 

2016                   99,210  
2017                 102,500  
2018                 116,200  
2019                 101,960  
2020                 105,870  

 

g. As a preliminary matter, Columbia Gas of Kentucky would not characterize the 

forecasted loss in residential transportation volumes as "significant" as it is consistent 

with history.  The forecasted loss in residential transportation volume is due to the 

forecasted loss of residential transportation customers.  Please also see Columbia’s 

Response to Staff’s Second Set of Information Requests, No. 25a, and Columbia’s 

Response to the Attorney General’s First Set of Information Requests, No. 35f. 

h. The following table contains actual residential transportation volumes for 2016 – 

2020:  

 Residential 
Transportation  
Volumes (CCF) 

2016          14,063,110  
2017          12,641,900  
2018          14,623,280  
2019          12,431,030  
2020          10,611,410  

 



i. The forecasted loss in commercial transportation volume is due to the forecasted 

loss of commercial transportation customers.  Please also see Columbia’s Response to 

Staff’s Second Set of Information Requests, No. 25a. 

j. The following table contains actual commercial transportation volumes for 2016 – 

2020:  

 Commercial 
Transportation  
Volumes (CCF) 

2016            45,116,230  
2017            43,878,540  
2018            49,239,120  
2019            46,339,540  
2020            42,374,550  

 



KY PSC Case No. 2021-00183 
Response to the Attorney General’s Data Request Set One No. 37 

Respondent:  Vincent Rea 

COLUMBIA GAS OF KENTUCKY, INC. 
RESPONSE TO ATTORNEY GENERAL’S FIRST REQUEST FOR INFORMATION 

DATED JULY 7, 2021 

37. Refer to the Direct Testimony of Vincent V. Rea (“Rea Testimony”), page 13.

a. Mr. Rea states that approximately 70% of Columbia Kentucky’s gas throughput to

transportation customers is concentrated amount five industrial customers. Identify the 

five industrial customers referenced in this statement.  

b. Explain why high customer concentration levels cause Columbia Kentucky to be

more vulnerable to the threat of bypass. 

Response: 

(a) The five industrial customers include 

(b) High customer concentration levels cause Columbia to be more vulnerable to the

threat of bypass because the Company’s top five industrial customers constitute

approximately 70% of Columbia’s total gas throughput.   Therefore, to the extent

that any of the Company’s largest industrial customers elected to pursue an

CONFIDENTIAL



alternative bypass option, this would result in the loss of a significant portion of 

Columbia’s overall gas throughput.  

 

CONFIDENTIAL



KY PSC Case No. 2021-00183 
Response to the Attorney General’s Data Request Set One No. 38 

 Respondent:  Vincent Rea 
 

COLUMBIA GAS OF KENTUCKY, INC. 
RESPONSE TO ATTORNEY GENERAL’S FIRST REQUEST FOR INFORMATION 

DATED JULY 7, 2021 
 

38. Refer to the Rea Testimony, page 50, lines 12 – 15.  

a. Provide the basis for Mr. Rea’s estimated debt cost rate of 3.90% for the debt issues 

for the remainder of 2021 and 4.00% for those expected to occur during 2022.  

b. Provide the actual cost of debt issue(s) for 2021 when issued. 

Response:  

Please refer to KY PSC Case No. 2021-00183, AG 1-038, Attachment A for support of the 

forecasted debt cost rates.  The actual debt cost rate of the June 2021 issuance was 3.272%.  



KY PSC Case No. 2021-00
AG 1-038
Attachment A
Page 1 of 1

Long-Term Debt Borrowing Rate

6/30/21 9/30/21 3/31/22 6/30/22
30-Year US Treasury Forward Rate (1) 2.4269% 2.4559% 2.5139% 2.5420%
Average BBB+ Credit Spread (2) 1.4500% 1.4500% 1.4500% 1.4500%
Long-Term Borrowing Rate 3.8769% 3.9059% 3.9639% 3.9920%
Long-Term Borrowing Rate - Rounded 3.90% 3.90% 4.00% 4.00%

(1) Bloomberg data as of March 29, 2021
(2) Bloomberg historical data from 2017 - 2020



KY PSC Case No. 2021-00183 

Response to the Attorney General’s Data Request Set One No. 39 

 Respondent:  Vincent Rea 

 

COLUMBIA GAS OF KENTUCKY, INC. 

RESPONSE TO ATTORNEY GENERAL’S FIRST REQUEST FOR INFORMATION 

DATED JULY 7, 2021 

 

39. Refer to the Rea Testimony, Appendix C, page 4 of 6. Provide all supporting 

documentation and work papers, including spreadsheets with cell formulas intact, of the 

Required Financial Leverage Adjustments of 0.81%. 

Response:  

Please see KY PSC Case No. 2021-00183, AG 1-039, Attachment A for the requested 

information.  Also, all calculations supporting Mr. Rea’s financial leverage adjustment 

can be found within pages 5-6 of Appendix C to Mr. Rea’s direct testimony.    

 

 



Witness:  Rea

Attachment VVR-10
Page 1 of 1

Common Shares Recent 40-Day
$ in thousands Dollars Percentage Dollars Percentage Outstanding at Average

2020 2020 2020 2020 Fiscal Y/E Stock Price
Atmos Energy Corp.
Long-Term Debt (1) 4,531,779         39.8% 5,568,962            33.0% @ 9/30/2020
Preferred Stock -                    -                        -                        -                      
Common Equity (2) 6,848,792         60.2% 11,308,025          67.0%
Total Permanent Capitalization 11,380,571$     100.0% 16,876,987$        100.0% 125,882.5             89.83$                 

New Jersey Resources Corp.
Long-Term Debt (1) 2,259,466         54.5% 2,395,499            39.7% @ 9/30/2020
Preferred Stock -                    -                        -                        -                      
Common Equity (2) 1,889,007         45.5% 3,643,191            60.3%
Total Permanent Capitalization 4,148,473$       100.0% 6,038,690$          100.0% 95,949.2               37.97$                 

Northwest Natural Gas Co.
Long-Term Debt (1) 860,081            48.8% 1,040,967            41.8% @ 12/31/2020
Preferred Stock -                    -                        -                        -                      
Common Equity (2) 901,635            51.2% 1,451,448            58.2%
Total Permanent Capitalization 1,761,716$       100.0% 2,492,415$          100.0% 30,589.0               47.45$                 

ONE Gas, Inc.
Long-Term Debt (1) 1,582,428         41.4% 1,982,428            34.1% @ 12/31/2020
Preferred Stock -                    -                        -                        -                      
Common Equity (2) 2,241,088         58.6% 3,838,104            65.9%
Total Permanent Capitalization 3,823,516$       100.0% 5,820,532$          100.0% 53,166.7               72.19$                 

South Jersey Industries, Inc.
Long-Term Debt (1) 2,776,400         62.0% 3,009,423            55.2% @ 12/31/2020
Preferred Stock -                    -                        -                        -                      
Common Equity (2) 1,699,097         38.0% 2,446,395            44.8%
Total Permanent Capitalization 4,475,497$       100.0% 5,455,818$          100.0% 100,591.9             24.32$                 

Southwest Gas Corp.
Long-Term Debt (1) 2,732,200         50.0% 3,101,097            46.3% @ 12/31/2020
Preferred Stock -                    -                        -                        -                      
Common Equity (2) 2,735,956         50.0% 3,599,721            53.7%
Total Permanent Capitalization 5,468,156$       100.0% 6,700,818$          100.0% 57,192.9               62.94$                 

Spire, Inc.
Long-Term Debt (1) 2,423,700         48.6% 2,848,200            43.9% @ 9/30/2020
Preferred Stock 242,000            4.9% 242,000               3.7%
Common Equity (2) 2,321,500         46.5% 3,394,764            52.3%
Total Permanent Capitalization 4,987,200$       100.0% 6,484,964$          100.0% 51,600.0               65.79$                 

Average of Gas 
LDC Proxy Group
Long-Term Debt (1) 2,452,293         49.3% 2,849,511            42.0%
Preferred Stock 34,571              0.7% 34,571                  0.5%
Common Equity (2) 2,662,439         50.0% 4,240,235            57.5%
Total Permanent Capitalization 5,149,304$       100.0% 7,124,318$          100.0%

(1)   Long-term debt balances exclude the current portion of long-term debt and short-term debt.   In cases where a company's SEC debt disclosure for fair value vs. carrying value only discloses

        total debt (including short-term debt and current maturities), the difference between fair value and carrying value was fully applied to the long-term debt balance.

(2)   Includes common stock account and retained earnings account; excludes other comprehensive income (loss) and shares in a deferred compensation trust.

Carrying Values (Book Value) Market Values (Fair Value)

Capital Structure Ratios - Book vs. Market Capitalization Ratios for Leverage Calculations
Gas LDC Group - 12/31/2020 or Fiscal Year End

[Source is 10-K] [Source is 10-K and Yahoo Finance]



KY PSC Case No. 2021-00183 
Response to the Attorney General’s Data Request Set One No. 40 

 Respondent:  Vincent Rea 
 

COLUMBIA GAS OF KENTUCKY, INC. 
RESPONSE TO ATTORNEY GENERAL’S FIRST REQUEST FOR INFORMATION 

DATED JULY 7, 2021 
 

40. Refer to the Rea Testimony generally. 

a. Provide all work papers and supporting documentation used and relied upon by 

Mr. Rea in the preparation of his Direct Testimony and Attachments. Provide all 

spreadsheets in Excel format with cell formulas intact. 

b. Provide copies of all articles and publications cited by Mr. Rea in his Direct 

Testimony. 

c. Provide the native spreadsheet(s) for Mr. Rea's exhibits in Excel format with cell 

formulas intact. 

d. If not provided previously, provide all supporting documentation and 

spreadsheet analyses for Mr. Rea's analyses in Attachment VVR-3. 

e. Provide a copy of the RRA Regulatory Focus article cited by Mr. Rea in footnote 

15.  



f. Provide an update of the RRA Regulatory Focus article cited by Mr. Rea in footnote 

15 using the most recent month available in 2021. 

g. Provide the historical 12-month and 13-month average capital structures for 

Columbia Kentucky for the years 2015 - 2020. 

h. Refer to Attachment VVR-6. Provide the issuance dates for all of the current debt 

issues shown on the Attachment. 

i. Provide the current authorized ROE for each NiSource operating company and 

the date that each ROE was authorized. 

j. Provide the Commission Order authorizing each ROE listed in (i) above.  

k. State whether each ROE was authorized pursuant to a fully litigated rate case or if 

it was based on a settlement for the NiSource operating companies listed in (i) above. 

Response:  

(a)  Please refer to Columbia’s Response to Staff’s Second Set of Requests for 

Information, No. 26 for a copy of all work papers in Excel format.  Mr. Rea’s work 

papers are included in these Excel files. 



(b)  Please see KY PSC Case No. 2021-00183, AG 1-40, Attachment A through 

Attachment AI.1   KY PSC Case No. 2021-00183, AG 1-40, Attachment A provides 

an index of all of the articles and publications cited by Mr. Rea in his direct 

testimony. 

(c)  Please see Columbia’s Response to Staff’s Second Set of Requests for Information, 

No. 26 for the requested information. 

(d)  Please see Columbia’s Response to the Attorney General’s First Set of Information 

Requests, No. 39 for the requested information. 
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The Capital Asset Pricing Model:
Theory and Evidence

Eugene F. Fama and Kenneth R. French

T he capital asset pricing model (CAPM) of William Sharpe (1964) and John
Lintner (1965) marks the birth of asset pricing theory (resulting in a
Nobel Prize for Sharpe in 1990). Four decades later, the CAPM is still

widely used in applications, such as estimating the cost of capital for firms and
evaluating the performance of managed portfolios. It is the centerpiece of MBA
investment courses. Indeed, it is often the only asset pricing model taught in these
courses.1

The attraction of the CAPM is that it offers powerful and intuitively pleasing
predictions about how to measure risk and the relation between expected return
and risk. Unfortunately, the empirical record of the model is poor—poor enough
to invalidate the way it is used in applications. The CAPM’s empirical problems may
reflect theoretical failings, the result of many simplifying assumptions. But they may
also be caused by difficulties in implementing valid tests of the model. For example,
the CAPM says that the risk of a stock should be measured relative to a compre-
hensive “market portfolio” that in principle can include not just traded financial
assets, but also consumer durables, real estate and human capital. Even if we take
a narrow view of the model and limit its purview to traded financial assets, is it

1 Although every asset pricing model is a capital asset pricing model, the finance profession reserves the
acronym CAPM for the specific model of Sharpe (1964), Lintner (1965) and Black (1972) discussed
here. Thus, throughout the paper we refer to the Sharpe-Lintner-Black model as the CAPM.

y Eugene F. Fama is Robert R. McCormick Distinguished Service Professor of Finance,
Graduate School of Business, University of Chicago, Chicago, Illinois. Kenneth R. French is
Carl E. and Catherine M. Heidt Professor of Finance, Tuck School of Business, Dartmouth
College, Hanover, New Hampshire. Their e-mail addresses are �eugene.fama@gsb.uchicago.
edu� and �kfrench@dartmouth.edu�, respectively.
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legitimate to limit further the market portfolio to U.S. common stocks (a typical
choice), or should the market be expanded to include bonds, and other financial
assets, perhaps around the world? In the end, we argue that whether the model’s
problems reflect weaknesses in the theory or in its empirical implementation, the
failure of the CAPM in empirical tests implies that most applications of the model
are invalid.

We begin by outlining the logic of the CAPM, focusing on its predictions about
risk and expected return. We then review the history of empirical work and what it
says about shortcomings of the CAPM that pose challenges to be explained by
alternative models.

The Logic of the CAPM

The CAPM builds on the model of portfolio choice developed by Harry
Markowitz (1959). In Markowitz’s model, an investor selects a portfolio at time
t � 1 that produces a stochastic return at t. The model assumes investors are risk
averse and, when choosing among portfolios, they care only about the mean and
variance of their one-period investment return. As a result, investors choose “mean-
variance-efficient” portfolios, in the sense that the portfolios 1) minimize the
variance of portfolio return, given expected return, and 2) maximize expected
return, given variance. Thus, the Markowitz approach is often called a “mean-
variance model.”

The portfolio model provides an algebraic condition on asset weights in mean-
variance-efficient portfolios. The CAPM turns this algebraic statement into a testable
prediction about the relation between risk and expected return by identifying a
portfolio that must be efficient if asset prices are to clear the market of all assets.

Sharpe (1964) and Lintner (1965) add two key assumptions to the Markowitz
model to identify a portfolio that must be mean-variance-efficient. The first assump-
tion is complete agreement: given market clearing asset prices at t � 1, investors agree
on the joint distribution of asset returns from t � 1 to t. And this distribution is the
true one—that is, it is the distribution from which the returns we use to test the
model are drawn. The second assumption is that there is borrowing and lending at a
risk-free rate, which is the same for all investors and does not depend on the amount
borrowed or lent.

Figure 1 describes portfolio opportunities and tells the CAPM story. The
horizontal axis shows portfolio risk, measured by the standard deviation of portfolio
return; the vertical axis shows expected return. The curve abc, which is called the
minimum variance frontier, traces combinations of expected return and risk for
portfolios of risky assets that minimize return variance at different levels of ex-
pected return. (These portfolios do not include risk-free borrowing and lending.)
The tradeoff between risk and expected return for minimum variance portfolios is
apparent. For example, an investor who wants a high expected return, perhaps at
point a, must accept high volatility. At point T, the investor can have an interme-
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diate expected return with lower volatility. If there is no risk-free borrowing or
lending, only portfolios above b along abc are mean-variance-efficient, since these
portfolios also maximize expected return, given their return variances.

Adding risk-free borrowing and lending turns the efficient set into a straight
line. Consider a portfolio that invests the proportion x of portfolio funds in a
risk-free security and 1 � x in some portfolio g. If all funds are invested in the
risk-free security—that is, they are loaned at the risk-free rate of interest—the result
is the point Rf in Figure 1, a portfolio with zero variance and a risk-free rate of
return. Combinations of risk-free lending and positive investment in g plot on the
straight line between Rf and g. Points to the right of g on the line represent
borrowing at the risk-free rate, with the proceeds from the borrowing used to
increase investment in portfolio g. In short, portfolios that combine risk-free
lending or borrowing with some risky portfolio g plot along a straight line from Rf

through g in Figure 1.2

2 Formally, the return, expected return and standard deviation of return on portfolios of the risk-free
asset f and a risky portfolio g vary with x, the proportion of portfolio funds invested in f, as

Rp � xRf � �1 � x�Rg ,

E�Rp� � xRf � �1 � x�E�Rg�,

� �Rp� � �1 � x�� �Rg�, x � 1.0,

which together imply that the portfolios plot along the line from Rf through g in Figure 1.

Figure 1
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To obtain the mean-variance-efficient portfolios available with risk-free bor-
rowing and lending, one swings a line from Rf in Figure 1 up and to the left as far
as possible, to the tangency portfolio T. We can then see that all efficient portfolios
are combinations of the risk-free asset (either risk-free borrowing or lending) and
a single risky tangency portfolio, T. This key result is Tobin’s (1958) “separation
theorem.”

The punch line of the CAPM is now straightforward. With complete agreement
about distributions of returns, all investors see the same opportunity set (Figure 1),
and they combine the same risky tangency portfolio T with risk-free lending or
borrowing. Since all investors hold the same portfolio T of risky assets, it must be
the value-weight market portfolio of risky assets. Specifically, each risky asset’s
weight in the tangency portfolio, which we now call M (for the “market”), must be
the total market value of all outstanding units of the asset divided by the total
market value of all risky assets. In addition, the risk-free rate must be set (along with
the prices of risky assets) to clear the market for risk-free borrowing and lending.

In short, the CAPM assumptions imply that the market portfolio M must be on
the minimum variance frontier if the asset market is to clear. This means that the
algebraic relation that holds for any minimum variance portfolio must hold for the
market portfolio. Specifically, if there are N risky assets,

�Minimum Variance Condition for M� E�Ri � � E�RZM �

� �E�RM� � E�RZM���iM , i � 1, . . . , N.

In this equation, E(Ri) is the expected return on asset i, and �iM, the market beta
of asset i, is the covariance of its return with the market return divided by the
variance of the market return,

�Market Beta� �iM �
cov�Ri , RM �

�2�RM �
.

The first term on the right-hand side of the minimum variance condition,
E(RZM), is the expected return on assets that have market betas equal to zero,
which means their returns are uncorrelated with the market return. The second
term is a risk premium—the market beta of asset i, �iM, times the premium per
unit of beta, which is the expected market return, E(RM), minus E(RZM).

Since the market beta of asset i is also the slope in the regression of its return
on the market return, a common (and correct) interpretation of beta is that it
measures the sensitivity of the asset’s return to variation in the market return. But
there is another interpretation of beta more in line with the spirit of the portfolio
model that underlies the CAPM. The risk of the market portfolio, as measured by
the variance of its return (the denominator of �iM), is a weighted average of the
covariance risks of the assets in M (the numerators of �iM for different assets).
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Thus, �iM is the covariance risk of asset i in M measured relative to the average
covariance risk of assets, which is just the variance of the market return.3 In
economic terms, �iM is proportional to the risk each dollar invested in asset i
contributes to the market portfolio.

The last step in the development of the Sharpe-Lintner model is to use the
assumption of risk-free borrowing and lending to nail down E(RZM), the expected
return on zero-beta assets. A risky asset’s return is uncorrelated with the market
return—its beta is zero—when the average of the asset’s covariances with the
returns on other assets just offsets the variance of the asset’s return. Such a risky
asset is riskless in the market portfolio in the sense that it contributes nothing to the
variance of the market return.

When there is risk-free borrowing and lending, the expected return on assets
that are uncorrelated with the market return, E(RZM), must equal the risk-free rate,
Rf. The relation between expected return and beta then becomes the familiar
Sharpe-Lintner CAPM equation,

�Sharpe-Lintner CAPM� E�Ri � � Rf � �E�RM � � Rf �]�iM , i � 1, . . . , N.

In words, the expected return on any asset i is the risk-free interest rate, Rf , plus a
risk premium, which is the asset’s market beta, �iM, times the premium per unit of
beta risk, E(RM) � Rf.

Unrestricted risk-free borrowing and lending is an unrealistic assumption.
Fischer Black (1972) develops a version of the CAPM without risk-free borrowing or
lending. He shows that the CAPM’s key result—that the market portfolio is mean-
variance-efficient—can be obtained by instead allowing unrestricted short sales of
risky assets. In brief, back in Figure 1, if there is no risk-free asset, investors select
portfolios from along the mean-variance-efficient frontier from a to b. Market
clearing prices imply that when one weights the efficient portfolios chosen by
investors by their (positive) shares of aggregate invested wealth, the resulting
portfolio is the market portfolio. The market portfolio is thus a portfolio of the
efficient portfolios chosen by investors. With unrestricted short selling of risky
assets, portfolios made up of efficient portfolios are themselves efficient. Thus, the
market portfolio is efficient, which means that the minimum variance condition for
M given above holds, and it is the expected return-risk relation of the Black CAPM.

The relations between expected return and market beta of the Black and
Sharpe-Lintner versions of the CAPM differ only in terms of what each says about
E(RZM), the expected return on assets uncorrelated with the market. The Black
version says only that E(RZM) must be less than the expected market return, so the

3 Formally, if xiM is the weight of asset i in the market portfolio, then the variance of the portfolio’s
return is

�2�RM� � Cov�RM , RM� � Cov� �
i�1

N

xiMRi , RM� � �
i�1

N

xiMCov�Ri , RM�.
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premium for beta is positive. In contrast, in the Sharpe-Lintner version of the
model, E(RZM) must be the risk-free interest rate, Rf , and the premium per unit of
beta risk is E(RM) � Rf.

The assumption that short selling is unrestricted is as unrealistic as unre-
stricted risk-free borrowing and lending. If there is no risk-free asset and short sales
of risky assets are not allowed, mean-variance investors still choose efficient
portfolios—points above b on the abc curve in Figure 1. But when there is no short
selling of risky assets and no risk-free asset, the algebra of portfolio efficiency says
that portfolios made up of efficient portfolios are not typically efficient. This means
that the market portfolio, which is a portfolio of the efficient portfolios chosen by
investors, is not typically efficient. And the CAPM relation between expected return
and market beta is lost. This does not rule out predictions about expected return
and betas with respect to other efficient portfolios—if theory can specify portfolios
that must be efficient if the market is to clear. But so far this has proven impossible.

In short, the familiar CAPM equation relating expected asset returns to their
market betas is just an application to the market portfolio of the relation between
expected return and portfolio beta that holds in any mean-variance-efficient port-
folio. The efficiency of the market portfolio is based on many unrealistic assump-
tions, including complete agreement and either unrestricted risk-free borrowing
and lending or unrestricted short selling of risky assets. But all interesting models
involve unrealistic simplifications, which is why they must be tested against data.

Early Empirical Tests

Tests of the CAPM are based on three implications of the relation between
expected return and market beta implied by the model. First, expected returns on
all assets are linearly related to their betas, and no other variable has marginal
explanatory power. Second, the beta premium is positive, meaning that the ex-
pected return on the market portfolio exceeds the expected return on assets whose
returns are uncorrelated with the market return. Third, in the Sharpe-Lintner
version of the model, assets uncorrelated with the market have expected returns
equal to the risk-free interest rate, and the beta premium is the expected market
return minus the risk-free rate. Most tests of these predictions use either cross-
section or time-series regressions. Both approaches date to early tests of the model.

Tests on Risk Premiums
The early cross-section regression tests focus on the Sharpe-Lintner model’s

predictions about the intercept and slope in the relation between expected return
and market beta. The approach is to regress a cross-section of average asset returns
on estimates of asset betas. The model predicts that the intercept in these regres-
sions is the risk-free interest rate, Rf , and the coefficient on beta is the expected
return on the market in excess of the risk-free rate, E(RM) � Rf.

Two problems in these tests quickly became apparent. First, estimates of beta
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for individual assets are imprecise, creating a measurement error problem when
they are used to explain average returns. Second, the regression residuals have
common sources of variation, such as industry effects in average returns. Positive
correlation in the residuals produces downward bias in the usual ordinary least
squares estimates of the standard errors of the cross-section regression slopes.

To improve the precision of estimated betas, researchers such as Blume
(1970), Friend and Blume (1970) and Black, Jensen and Scholes (1972) work with
portfolios, rather than individual securities. Since expected returns and market
betas combine in the same way in portfolios, if the CAPM explains security returns
it also explains portfolio returns.4 Estimates of beta for diversified portfolios are
more precise than estimates for individual securities. Thus, using portfolios in
cross-section regressions of average returns on betas reduces the critical errors in
variables problem. Grouping, however, shrinks the range of betas and reduces
statistical power. To mitigate this problem, researchers sort securities on beta when
forming portfolios; the first portfolio contains securities with the lowest betas, and
so on, up to the last portfolio with the highest beta assets. This sorting procedure
is now standard in empirical tests.

Fama and MacBeth (1973) propose a method for addressing the inference
problem caused by correlation of the residuals in cross-section regressions. Instead
of estimating a single cross-section regression of average monthly returns on betas,
they estimate month-by-month cross-section regressions of monthly returns on
betas. The times-series means of the monthly slopes and intercepts, along with the
standard errors of the means, are then used to test whether the average premium
for beta is positive and whether the average return on assets uncorrelated with the
market is equal to the average risk-free interest rate. In this approach, the standard
errors of the average intercept and slope are determined by the month-to-month
variation in the regression coefficients, which fully captures the effects of residual
correlation on variation in the regression coefficients, but sidesteps the problem of
actually estimating the correlations. The residual correlations are, in effect, cap-
tured via repeated sampling of the regression coefficients. This approach also
becomes standard in the literature.

Jensen (1968) was the first to note that the Sharpe-Lintner version of the

4 Formally, if xip, i � 1, . . . , N, are the weights for assets in some portfolio p, the expected return and
market beta for the portfolio are related to the expected returns and betas of assets as

E�Rp� � �
i�1

N

xipE�Ri�, and �pM � �
i�1

N

xip�pM .

Thus, the CAPM relation between expected return and beta,

E�Ri� � E�Rf� � �E�RM� � E�Rf���iM ,

holds when asset i is a portfolio, as well as when i is an individual security.
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relation between expected return and market beta also implies a time-series re-
gression test. The Sharpe-Lintner CAPM says that the expected value of an asset’s
excess return (the asset’s return minus the risk-free interest rate, Rit � Rft) is
completely explained by its expected CAPM risk premium (its beta times the
expected value of RMt � Rft). This implies that “Jensen’s alpha,” the intercept term
in the time-series regression,

�Time-Series Regression� Rit � Rft � �i � �iM �RMt � Rft � � �it ,

is zero for each asset.
The early tests firmly reject the Sharpe-Lintner version of the CAPM. There is

a positive relation between beta and average return, but it is too “flat.” Recall that,
in cross-section regressions, the Sharpe-Lintner model predicts that the intercept is
the risk-free rate and the coefficient on beta is the expected market return in excess
of the risk-free rate, E(RM) � Rf. The regressions consistently find that the
intercept is greater than the average risk-free rate (typically proxied as the return
on a one-month Treasury bill), and the coefficient on beta is less than the average
excess market return (proxied as the average return on a portfolio of U.S. common
stocks minus the Treasury bill rate). This is true in the early tests, such as Douglas
(1968), Black, Jensen and Scholes (1972), Miller and Scholes (1972), Blume and
Friend (1973) and Fama and MacBeth (1973), as well as in more recent cross-
section regression tests, like Fama and French (1992).

The evidence that the relation between beta and average return is too flat is
confirmed in time-series tests, such as Friend and Blume (1970), Black, Jensen and
Scholes (1972) and Stambaugh (1982). The intercepts in time-series regressions of
excess asset returns on the excess market return are positive for assets with low betas
and negative for assets with high betas.

Figure 2 provides an updated example of the evidence. In December of each
year, we estimate a preranking beta for every NYSE (1928–2003), AMEX (1963–
2003) and NASDAQ (1972–2003) stock in the CRSP (Center for Research in
Security Prices of the University of Chicago) database, using two to five years (as
available) of prior monthly returns.5 We then form ten value-weight portfolios
based on these preranking betas and compute their returns for the next twelve
months. We repeat this process for each year from 1928 to 2003. The result is
912 monthly returns on ten beta-sorted portfolios. Figure 2 plots each portfolio’s
average return against its postranking beta, estimated by regressing its monthly
returns for 1928–2003 on the return on the CRSP value-weight portfolio of U.S.
common stocks.

The Sharpe-Lintner CAPM predicts that the portfolios plot along a straight

5 To be included in the sample for year t, a security must have market equity data (price times shares
outstanding) for December of t � 1, and CRSP must classify it as ordinary common equity. Thus, we
exclude securities such as American Depository Receipts (ADRs) and Real Estate Investment Trusts
(REITs).
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line, with an intercept equal to the risk-free rate, Rf , and a slope equal to the
expected excess return on the market, E(RM) � Rf. We use the average one-month
Treasury bill rate and the average excess CRSP market return for 1928–2003 to
estimate the predicted line in Figure 2. Confirming earlier evidence, the relation
between beta and average return for the ten portfolios is much flatter than the
Sharpe-Lintner CAPM predicts. The returns on the low beta portfolios are too high,
and the returns on the high beta portfolios are too low. For example, the predicted
return on the portfolio with the lowest beta is 8.3 percent per year; the actual return
is 11.1 percent. The predicted return on the portfolio with the highest beta is
16.8 percent per year; the actual is 13.7 percent.

Although the observed premium per unit of beta is lower than the Sharpe-
Lintner model predicts, the relation between average return and beta in Figure 2
is roughly linear. This is consistent with the Black version of the CAPM, which
predicts only that the beta premium is positive. Even this less restrictive model,
however, eventually succumbs to the data.

Testing Whether Market Betas Explain Expected Returns
The Sharpe-Lintner and Black versions of the CAPM share the prediction that

the market portfolio is mean-variance-efficient. This implies that differences in
expected return across securities and portfolios are entirely explained by differ-
ences in market beta; other variables should add nothing to the explanation of
expected return. This prediction plays a prominent role in tests of the CAPM. In
the early work, the weapon of choice is cross-section regressions.

In the framework of Fama and MacBeth (1973), one simply adds predeter-
mined explanatory variables to the month-by-month cross-section regressions of

Figure 2
Average Annualized Monthly Return versus Beta for Value Weight Portfolios
Formed on Prior Beta, 1928–2003
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returns on beta. If all differences in expected return are explained by beta, the
average slopes on the additional variables should not be reliably different from
zero. Clearly, the trick in the cross-section regression approach is to choose specific
additional variables likely to expose any problems of the CAPM prediction that,
because the market portfolio is efficient, market betas suffice to explain expected
asset returns.

For example, in Fama and MacBeth (1973) the additional variables are
squared market betas (to test the prediction that the relation between expected
return and beta is linear) and residual variances from regressions of returns on the
market return (to test the prediction that market beta is the only measure of risk
needed to explain expected returns). These variables do not add to the explanation
of average returns provided by beta. Thus, the results of Fama and MacBeth (1973)
are consistent with the hypothesis that their market proxy—an equal-weight port-
folio of NYSE stocks—is on the minimum variance frontier.

The hypothesis that market betas completely explain expected returns can also
be tested using time-series regressions. In the time-series regression described
above (the excess return on asset i regressed on the excess market return), the
intercept is the difference between the asset’s average excess return and the excess
return predicted by the Sharpe-Lintner model, that is, beta times the average excess
market return. If the model holds, there is no way to group assets into portfolios
whose intercepts are reliably different from zero. For example, the intercepts for a
portfolio of stocks with high ratios of earnings to price and a portfolio of stocks with
low earning-price ratios should both be zero. Thus, to test the hypothesis that
market betas suffice to explain expected returns, one estimates the time-series
regression for a set of assets (or portfolios) and then jointly tests the vector of
regression intercepts against zero. The trick in this approach is to choose the
left-hand-side assets (or portfolios) in a way likely to expose any shortcoming of the
CAPM prediction that market betas suffice to explain expected asset returns.

In early applications, researchers use a variety of tests to determine whether
the intercepts in a set of time-series regressions are all zero. The tests have the same
asymptotic properties, but there is controversy about which has the best small
sample properties. Gibbons, Ross and Shanken (1989) settle the debate by provid-
ing an F-test on the intercepts that has exact small-sample properties. They also
show that the test has a simple economic interpretation. In effect, the test con-
structs a candidate for the tangency portfolio T in Figure 1 by optimally combining
the market proxy and the left-hand-side assets of the time-series regressions. The
estimator then tests whether the efficient set provided by the combination of this
tangency portfolio and the risk-free asset is reliably superior to the one obtained by
combining the risk-free asset with the market proxy alone. In other words, the
Gibbons, Ross and Shanken statistic tests whether the market proxy is the tangency
portfolio in the set of portfolios that can be constructed by combining the market
portfolio with the specific assets used as dependent variables in the time-series
regressions.

Enlightened by this insight of Gibbons, Ross and Shanken (1989), one can see

34 Journal of Economic Perspectives
KY PSC Case No. 2021-00183 

AG 1-040 
Attachment I 

Page 10 of 22



a similar interpretation of the cross-section regression test of whether market betas
suffice to explain expected returns. In this case, the test is whether the additional
explanatory variables in a cross-section regression identify patterns in the returns
on the left-hand-side assets that are not explained by the assets’ market betas. This
amounts to testing whether the market proxy is on the minimum variance frontier
that can be constructed using the market proxy and the left-hand-side assets
included in the tests.

An important lesson from this discussion is that time-series and cross-section
regressions do not, strictly speaking, test the CAPM. What is literally tested is
whether a specific proxy for the market portfolio (typically a portfolio of U.S.
common stocks) is efficient in the set of portfolios that can be constructed from it
and the left-hand-side assets used in the test. One might conclude from this that the
CAPM has never been tested, and prospects for testing it are not good because
1) the set of left-hand-side assets does not include all marketable assets, and 2) data
for the true market portfolio of all assets are likely beyond reach (Roll, 1977; more
on this later). But this criticism can be leveled at tests of any economic model when
the tests are less than exhaustive or when they use proxies for the variables called
for by the model.

The bottom line from the early cross-section regression tests of the CAPM,
such as Fama and MacBeth (1973), and the early time-series regression tests, like
Gibbons (1982) and Stambaugh (1982), is that standard market proxies seem to be
on the minimum variance frontier. That is, the central predictions of the Black
version of the CAPM, that market betas suffice to explain expected returns and that
the risk premium for beta is positive, seem to hold. But the more specific prediction
of the Sharpe-Lintner CAPM that the premium per unit of beta is the expected
market return minus the risk-free interest rate is consistently rejected.

The success of the Black version of the CAPM in early tests produced a
consensus that the model is a good description of expected returns. These early
results, coupled with the model’s simplicity and intuitive appeal, pushed the CAPM
to the forefront of finance.

Recent Tests

Starting in the late 1970s, empirical work appears that challenges even the
Black version of the CAPM. Specifically, evidence mounts that much of the varia-
tion in expected return is unrelated to market beta.

The first blow is Basu’s (1977) evidence that when common stocks are sorted
on earnings-price ratios, future returns on high E/P stocks are higher than pre-
dicted by the CAPM. Banz (1981) documents a size effect: when stocks are sorted
on market capitalization (price times shares outstanding), average returns on small
stocks are higher than predicted by the CAPM. Bhandari (1988) finds that high
debt-equity ratios (book value of debt over the market value of equity, a measure of
leverage) are associated with returns that are too high relative to their market betas.
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Finally, Statman (1980) and Rosenberg, Reid and Lanstein (1985) document that
stocks with high book-to-market equity ratios (B/M, the ratio of the book value of
a common stock to its market value) have high average returns that are not
captured by their betas.

There is a theme in the contradictions of the CAPM summarized above. Ratios
involving stock prices have information about expected returns missed by market
betas. On reflection, this is not surprising. A stock’s price depends not only on the
expected cash flows it will provide, but also on the expected returns that discount
expected cash flows back to the present. Thus, in principle, the cross-section of
prices has information about the cross-section of expected returns. (A high ex-
pected return implies a high discount rate and a low price.) The cross-section of
stock prices is, however, arbitrarily affected by differences in scale (or units). But
with a judicious choice of scaling variable X, the ratio X/P can reveal differences
in the cross-section of expected stock returns. Such ratios are thus prime candidates
to expose shortcomings of asset pricing models—in the case of the CAPM, short-
comings of the prediction that market betas suffice to explain expected returns
(Ball, 1978). The contradictions of the CAPM summarized above suggest that
earnings-price, debt-equity and book-to-market ratios indeed play this role.

Fama and French (1992) update and synthesize the evidence on the empirical
failures of the CAPM. Using the cross-section regression approach, they confirm
that size, earnings-price, debt-equity and book-to-market ratios add to the explana-
tion of expected stock returns provided by market beta. Fama and French (1996)
reach the same conclusion using the time-series regression approach applied to
portfolios of stocks sorted on price ratios. They also find that different price ratios
have much the same information about expected returns. This is not surprising
given that price is the common driving force in the price ratios, and the numerators
are just scaling variables used to extract the information in price about expected
returns.

Fama and French (1992) also confirm the evidence (Reinganum, 1981; Stam-
baugh, 1982; Lakonishok and Shapiro, 1986) that the relation between average
return and beta for common stocks is even flatter after the sample periods used in
the early empirical work on the CAPM. The estimate of the beta premium is,
however, clouded by statistical uncertainty (a large standard error). Kothari, Shan-
ken and Sloan (1995) try to resuscitate the Sharpe-Lintner CAPM by arguing that
the weak relation between average return and beta is just a chance result. But the
strong evidence that other variables capture variation in expected return missed by
beta makes this argument irrelevant. If betas do not suffice to explain expected
returns, the market portfolio is not efficient, and the CAPM is dead in its tracks.
Evidence on the size of the market premium can neither save the model nor further
doom it.

The synthesis of the evidence on the empirical problems of the CAPM pro-
vided by Fama and French (1992) serves as a catalyst, marking the point when it is
generally acknowledged that the CAPM has potentially fatal problems. Research
then turns to explanations.
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One possibility is that the CAPM’s problems are spurious, the result of data
dredging—publication-hungry researchers scouring the data and unearthing con-
tradictions that occur in specific samples as a result of chance. A standard response
to this concern is to test for similar findings in other samples. Chan, Hamao and
Lakonishok (1991) find a strong relation between book-to-market equity (B/M)
and average return for Japanese stocks. Capaul, Rowley and Sharpe (1993) observe
a similar B/M effect in four European stock markets and in Japan. Fama and
French (1998) find that the price ratios that produce problems for the CAPM in
U.S. data show up in the same way in the stock returns of twelve non-U.S. major
markets, and they are present in emerging market returns. This evidence suggests
that the contradictions of the CAPM associated with price ratios are not sample
specific.

Explanations: Irrational Pricing or Risk

Among those who conclude that the empirical failures of the CAPM are fatal,
two stories emerge. On one side are the behavioralists. Their view is based on
evidence that stocks with high ratios of book value to market price are typically
firms that have fallen on bad times, while low B/M is associated with growth firms
(Lakonishok, Shleifer and Vishny, 1994; Fama and French, 1995). The behavior-
alists argue that sorting firms on book-to-market ratios exposes investor overreac-
tion to good and bad times. Investors overextrapolate past performance, resulting
in stock prices that are too high for growth (low B/M) firms and too low for
distressed (high B/M, so-called value) firms. When the overreaction is eventually
corrected, the result is high returns for value stocks and low returns for growth
stocks. Proponents of this view include DeBondt and Thaler (1987), Lakonishok,
Shleifer and Vishny (1994) and Haugen (1995).

The second story for explaining the empirical contradictions of the CAPM is
that they point to the need for a more complicated asset pricing model. The CAPM
is based on many unrealistic assumptions. For example, the assumption that
investors care only about the mean and variance of one-period portfolio returns is
extreme. It is reasonable that investors also care about how their portfolio return
covaries with labor income and future investment opportunities, so a portfolio’s
return variance misses important dimensions of risk. If so, market beta is not a
complete description of an asset’s risk, and we should not be surprised to find that
differences in expected return are not completely explained by differences in beta.
In this view, the search should turn to asset pricing models that do a better job
explaining average returns.

Merton’s (1973) intertemporal capital asset pricing model (ICAPM) is a
natural extension of the CAPM. The ICAPM begins with a different assumption
about investor objectives. In the CAPM, investors care only about the wealth their
portfolio produces at the end of the current period. In the ICAPM, investors are
concerned not only with their end-of-period payoff, but also with the opportunities
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they will have to consume or invest the payoff. Thus, when choosing a portfolio at
time t � 1, ICAPM investors consider how their wealth at t might vary with future
state variables, including labor income, the prices of consumption goods and the
nature of portfolio opportunities at t, and expectations about the labor income,
consumption and investment opportunities to be available after t.

Like CAPM investors, ICAPM investors prefer high expected return and low
return variance. But ICAPM investors are also concerned with the covariances of
portfolio returns with state variables. As a result, optimal portfolios are “multifactor
efficient,” which means they have the largest possible expected returns, given their
return variances and the covariances of their returns with the relevant state
variables.

Fama (1996) shows that the ICAPM generalizes the logic of the CAPM. That is,
if there is risk-free borrowing and lending or if short sales of risky assets are allowed,
market clearing prices imply that the market portfolio is multifactor efficient.
Moreover, multifactor efficiency implies a relation between expected return and
beta risks, but it requires additional betas, along with a market beta, to explain
expected returns.

An ideal implementation of the ICAPM would specify the state variables that
affect expected returns. Fama and French (1993) take a more indirect approach,
perhaps more in the spirit of Ross’s (1976) arbitrage pricing theory. They argue
that though size and book-to-market equity are not themselves state variables, the
higher average returns on small stocks and high book-to-market stocks reflect
unidentified state variables that produce undiversifiable risks (covariances) in
returns that are not captured by the market return and are priced separately from
market betas. In support of this claim, they show that the returns on the stocks of
small firms covary more with one another than with returns on the stocks of large
firms, and returns on high book-to-market (value) stocks covary more with one
another than with returns on low book-to-market (growth) stocks. Fama and
French (1995) show that there are similar size and book-to-market patterns in the
covariation of fundamentals like earnings and sales.

Based on this evidence, Fama and French (1993, 1996) propose a three-factor
model for expected returns,

�Three-Factor Model� E�Rit � � Rft � �iM �E�RMt � � Rft �

� �isE�SMBt� � �ihE�HMLt�.

In this equation, SMBt (small minus big) is the difference between the returns on
diversified portfolios of small and big stocks, HMLt (high minus low) is the
difference between the returns on diversified portfolios of high and low B/M
stocks, and the betas are slopes in the multiple regression of Rit � Rft on RMt � Rft,
SMBt and HMLt.

For perspective, the average value of the market premium RMt � Rft for
1927–2003 is 8.3 percent per year, which is 3.5 standard errors from zero. The
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average values of SMBt, and HMLt are 3.6 percent and 5.0 percent per year, and
they are 2.1 and 3.1 standard errors from zero. All three premiums are volatile, with
annual standard deviations of 21.0 percent (RMt � Rft), 14.6 percent (SMBt) and
14.2 percent (HMLt) per year. Although the average values of the premiums are
large, high volatility implies substantial uncertainty about the true expected
premiums.

One implication of the expected return equation of the three-factor model is
that the intercept �i in the time-series regression,

Rit � Rft � �i � �iM�RMt � Rft� � �isSMBt � �ihHMLt � �it ,

is zero for all assets i. Using this criterion, Fama and French (1993, 1996) find that
the model captures much of the variation in average return for portfolios formed
on size, book-to-market equity and other price ratios that cause problems for the
CAPM. Fama and French (1998) show that an international version of the model
performs better than an international CAPM in describing average returns on
portfolios formed on scaled price variables for stocks in 13 major markets.

The three-factor model is now widely used in empirical research that requires
a model of expected returns. Estimates of �i from the time-series regression above
are used to calibrate how rapidly stock prices respond to new information (for
example, Loughran and Ritter, 1995; Mitchell and Stafford, 2000). They are also
used to measure the special information of portfolio managers, for example, in
Carhart’s (1997) study of mutual fund performance. Among practitioners like
Ibbotson Associates, the model is offered as an alternative to the CAPM for
estimating the cost of equity capital.

From a theoretical perspective, the main shortcoming of the three-factor
model is its empirical motivation. The small-minus-big (SMB) and high-minus-low
(HML) explanatory returns are not motivated by predictions about state variables
of concern to investors. Instead they are brute force constructs meant to capture
the patterns uncovered by previous work on how average stock returns vary with size
and the book-to-market equity ratio.

But this concern is not fatal. The ICAPM does not require that the additional
portfolios used along with the market portfolio to explain expected returns
“mimic” the relevant state variables. In both the ICAPM and the arbitrage pricing
theory, it suffices that the additional portfolios are well diversified (in the termi-
nology of Fama, 1996, they are multifactor minimum variance) and that they are
sufficiently different from the market portfolio to capture covariation in returns
and variation in expected returns missed by the market portfolio. Thus, adding
diversified portfolios that capture covariation in returns and variation in average
returns left unexplained by the market is in the spirit of both the ICAPM and the
Ross’s arbitrage pricing theory.

The behavioralists are not impressed by the evidence for a risk-based expla-
nation of the failures of the CAPM. They typically concede that the three-factor
model captures covariation in returns missed by the market return and that it picks
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up much of the size and value effects in average returns left unexplained by the
CAPM. But their view is that the average return premium associated with the
model’s book-to-market factor—which does the heavy lifting in the improvements
to the CAPM—is itself the result of investor overreaction that happens to be
correlated across firms in a way that just looks like a risk story. In short, in the
behavioral view, the market tries to set CAPM prices, and violations of the CAPM
are due to mispricing.

The conflict between the behavioral irrational pricing story and the rational
risk story for the empirical failures of the CAPM leaves us at a timeworn impasse.
Fama (1970) emphasizes that the hypothesis that prices properly reflect available
information must be tested in the context of a model of expected returns, like the
CAPM. Intuitively, to test whether prices are rational, one must take a stand on what
the market is trying to do in setting prices—that is, what is risk and what is the
relation between expected return and risk? When tests reject the CAPM, one
cannot say whether the problem is its assumption that prices are rational (the
behavioral view) or violations of other assumptions that are also necessary to
produce the CAPM (our position).

Fortunately, for some applications, the way one uses the three-factor model
does not depend on one’s view about whether its average return premiums are the
rational result of underlying state variable risks, the result of irrational investor
behavior or sample specific results of chance. For example, when measuring the
response of stock prices to new information or when evaluating the performance of
managed portfolios, one wants to account for known patterns in returns and
average returns for the period examined, whatever their source. Similarly, when
estimating the cost of equity capital, one might be unconcerned with whether
expected return premiums are rational or irrational since they are in either case
part of the opportunity cost of equity capital (Stein, 1996). But the cost of capital
is forward looking, so if the premiums are sample specific they are irrelevant.

The three-factor model is hardly a panacea. Its most serious problem is the
momentum effect of Jegadeesh and Titman (1993). Stocks that do well relative to
the market over the last three to twelve months tend to continue to do well for the
next few months, and stocks that do poorly continue to do poorly. This momentum
effect is distinct from the value effect captured by book-to-market equity and other
price ratios. Moreover, the momentum effect is left unexplained by the three-factor
model, as well as by the CAPM. Following Carhart (1997), one response is to add
a momentum factor (the difference between the returns on diversified portfolios of
short-term winners and losers) to the three-factor model. This step is again legiti-
mate in applications where the goal is to abstract from known patterns in average
returns to uncover information-specific or manager-specific effects. But since the
momentum effect is short-lived, it is largely irrelevant for estimates of the cost of
equity capital.

Another strand of research points to problems in both the three-factor model
and the CAPM. Frankel and Lee (1998), Dechow, Hutton and Sloan (1999),
Piotroski (2000) and others show that in portfolios formed on price ratios like
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book-to-market equity, stocks with higher expected cash flows have higher average
returns that are not captured by the three-factor model or the CAPM. The authors
interpret their results as evidence that stock prices are irrational, in the sense that
they do not reflect available information about expected profitability.

In truth, however, one can’t tell whether the problem is bad pricing or a bad
asset pricing model. A stock’s price can always be expressed as the present value of
expected future cash flows discounted at the expected return on the stock (Camp-
bell and Shiller, 1989; Vuolteenaho, 2002). It follows that if two stocks have the
same price, the one with higher expected cash flows must have a higher expected
return. This holds true whether pricing is rational or irrational. Thus, when one
observes a positive relation between expected cash flows and expected returns that
is left unexplained by the CAPM or the three-factor model, one can’t tell whether
it is the result of irrational pricing or a misspecified asset pricing model.

The Market Proxy Problem

Roll (1977) argues that the CAPM has never been tested and probably never
will be. The problem is that the market portfolio at the heart of the model is
theoretically and empirically elusive. It is not theoretically clear which assets (for
example, human capital) can legitimately be excluded from the market portfolio,
and data availability substantially limits the assets that are included. As a result, tests
of the CAPM are forced to use proxies for the market portfolio, in effect testing
whether the proxies are on the minimum variance frontier. Roll argues that
because the tests use proxies, not the true market portfolio, we learn nothing about
the CAPM.

We are more pragmatic. The relation between expected return and market
beta of the CAPM is just the minimum variance condition that holds in any efficient
portfolio, applied to the market portfolio. Thus, if we can find a market proxy that
is on the minimum variance frontier, it can be used to describe differences in
expected returns, and we would be happy to use it for this purpose. The strong
rejections of the CAPM described above, however, say that researchers have not
uncovered a reasonable market proxy that is close to the minimum variance
frontier. If researchers are constrained to reasonable proxies, we doubt they
ever will.

Our pessimism is fueled by several empirical results. Stambaugh (1982) tests
the CAPM using a range of market portfolios that include, in addition to U.S.
common stocks, corporate and government bonds, preferred stocks, real estate and
other consumer durables. He finds that tests of the CAPM are not sensitive to
expanding the market proxy beyond common stocks, basically because the volatility
of expanded market returns is dominated by the volatility of stock returns.

One need not be convinced by Stambaugh’s (1982) results since his market
proxies are limited to U.S. assets. If international capital markets are open and asset
prices conform to an international version of the CAPM, the market portfolio
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should include international assets. Fama and French (1998) find, however, that
betas for a global stock market portfolio cannot explain the high average returns
observed around the world on stocks with high book-to-market or high earnings-
price ratios.

A major problem for the CAPM is that portfolios formed by sorting stocks on
price ratios produce a wide range of average returns, but the average returns are
not positively related to market betas (Lakonishok, Shleifer and Vishny, 1994; Fama
and French, 1996, 1998). The problem is illustrated in Figure 3, which shows
average returns and betas (calculated with respect to the CRSP value-weight port-
folio of NYSE, AMEX and NASDAQ stocks) for July 1963 to December 2003 for ten
portfolios of U.S. stocks formed annually on sorted values of the book-to-market
equity ratio (B/M).6

Average returns on the B/M portfolios increase almost monotonically, from
10.1 percent per year for the lowest B/M group (portfolio 1) to an impressive
16.7 percent for the highest (portfolio 10). But the positive relation between beta
and average return predicted by the CAPM is notably absent. For example, the
portfolio with the lowest book-to-market ratio has the highest beta but the lowest
average return. The estimated beta for the portfolio with the highest book-to-
market ratio and the highest average return is only 0.98. With an average annual-
ized value of the riskfree interest rate, Rf , of 5.8 percent and an average annualized
market premium, RM � Rf , of 11.3 percent, the Sharpe-Lintner CAPM predicts an
average return of 11.8 percent for the lowest B/M portfolio and 11.2 percent for
the highest, far from the observed values, 10.1 and 16.7 percent. For the Sharpe-
Lintner model to “work” on these portfolios, their market betas must change
dramatically, from 1.09 to 0.78 for the lowest B/M portfolio and from 0.98 to 1.98
for the highest. We judge it unlikely that alternative proxies for the market
portfolio will produce betas and a market premium that can explain the average
returns on these portfolios.

It is always possible that researchers will redeem the CAPM by finding a
reasonable proxy for the market portfolio that is on the minimum variance frontier.
We emphasize, however, that this possibility cannot be used to justify the way the
CAPM is currently applied. The problem is that applications typically use the same

6 Stock return data are from CRSP, and book equity data are from Compustat and the Moody’s
Industrials, Transportation, Utilities and Financials manuals. Stocks are allocated to ten portfolios at the
end of June of each year t (1963 to 2003) using the ratio of book equity for the fiscal year ending in
calendar year t � 1, divided by market equity at the end of December of t � 1. Book equity is the book
value of stockholders’ equity, plus balance sheet deferred taxes and investment tax credit (if available),
minus the book value of preferred stock. Depending on availability, we use the redemption, liquidation
or par value (in that order) to estimate the book value of preferred stock. Stockholders’ equity is the
value reported by Moody’s or Compustat, if it is available. If not, we measure stockholders’ equity as the
book value of common equity plus the par value of preferred stock or the book value of assets minus
total liabilities (in that order). The portfolios for year t include NYSE (1963–2003), AMEX (1963–2003)
and NASDAQ (1972–2003) stocks with positive book equity in t � 1 and market equity (from CRSP) for
December of t � 1 and June of t. The portfolios exclude securities CRSP does not classify as ordinary
common equity. The breakpoints for year t use only securities that are on the NYSE in June of year t.
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market proxies, like the value-weight portfolio of U.S. stocks, that lead to rejections
of the model in empirical tests. The contradictions of the CAPM observed when
such proxies are used in tests of the model show up as bad estimates of expected
returns in applications; for example, estimates of the cost of equity capital that are
too low (relative to historical average returns) for small stocks and for stocks with
high book-to-market equity ratios. In short, if a market proxy does not work in tests
of the CAPM, it does not work in applications.

Conclusions

The version of the CAPM developed by Sharpe (1964) and Lintner (1965) has
never been an empirical success. In the early empirical work, the Black (1972)
version of the model, which can accommodate a flatter tradeoff of average return
for market beta, has some success. But in the late 1970s, research begins to uncover
variables like size, various price ratios and momentum that add to the explanation
of average returns provided by beta. The problems are serious enough to invalidate
most applications of the CAPM.

For example, finance textbooks often recommend using the Sharpe-Lintner
CAPM risk-return relation to estimate the cost of equity capital. The prescription is
to estimate a stock’s market beta and combine it with the risk-free interest rate and
the average market risk premium to produce an estimate of the cost of equity. The
typical market portfolio in these exercises includes just U.S. common stocks. But
empirical work, old and new, tells us that the relation between beta and average
return is flatter than predicted by the Sharpe-Lintner version of the CAPM. As a

Figure 3
Average Annualized Monthly Return versus Beta for Value Weight Portfolios
Formed on B/M, 1963–2003
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result, CAPM estimates of the cost of equity for high beta stocks are too high
(relative to historical average returns) and estimates for low beta stocks are too low
(Friend and Blume, 1970). Similarly, if the high average returns on value stocks
(with high book-to-market ratios) imply high expected returns, CAPM cost of
equity estimates for such stocks are too low.7

The CAPM is also often used to measure the performance of mutual funds and
other managed portfolios. The approach, dating to Jensen (1968), is to estimate
the CAPM time-series regression for a portfolio and use the intercept (Jensen’s
alpha) to measure abnormal performance. The problem is that, because of the
empirical failings of the CAPM, even passively managed stock portfolios produce
abnormal returns if their investment strategies involve tilts toward CAPM problems
(Elton, Gruber, Das and Hlavka, 1993). For example, funds that concentrate on low
beta stocks, small stocks or value stocks will tend to produce positive abnormal
returns relative to the predictions of the Sharpe-Lintner CAPM, even when the
fund managers have no special talent for picking winners.

The CAPM, like Markowitz’s (1952, 1959) portfolio model on which it is built,
is nevertheless a theoretical tour de force. We continue to teach the CAPM as an
introduction to the fundamental concepts of portfolio theory and asset pricing, to
be built on by more complicated models like Merton’s (1973) ICAPM. But we also
warn students that despite its seductive simplicity, the CAPM’s empirical problems
probably invalidate its use in applications.

y We gratefully acknowledge the comments of John Cochrane, George Constantinides, Richard
Leftwich, Andrei Shleifer, René Stulz and Timothy Taylor.

7 The problems are compounded by the large standard errors of estimates of the market premium and
of betas for individual stocks, which probably suffice to make CAPM estimates of the cost of equity rather
meaningless, even if the CAPM holds (Fama and French, 1997; Pastor and Stambaugh, 1999). For
example, using the U.S. Treasury bill rate as the risk-free interest rate and the CRSP value-weight
portfolio of publicly traded U.S. common stocks, the average value of the equity premium RMt � Rft for
1927–2003 is 8.3 percent per year, with a standard error of 2.4 percent. The two standard error range
thus runs from 3.5 percent to 13.1 percent, which is sufficient to make most projects appear either
profitable or unprofitable. This problem is, however, hardly special to the CAPM. For example, expected
returns in all versions of Merton’s (1973) ICAPM include a market beta and the expected market
premium. Also, as noted earlier the expected values of the size and book-to-market premiums in the
Fama-French three-factor model are also estimated with substantial error.
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RRA Regulatory Focus
Major Rate Case Decisions - 
January - December 2020 
With the U.S. economy challenged in 2020 by the fallout from the COVID-19 
pandemic, the equity returns authorized electric and gas utilities nationwide fell 
to its worst year on record. 

Based on data gathered by Regulatory Research Associates, a group within S&P 
Global Market Intelligence, the average return on equity authorized electric 
utilities was 9.44% in all rate cases decided in 2020, below the 9.66% average 
for cases in 2019. There were 55 electric ROE determinations in 2020, versus 
47 in 2019. 

The average ROE authorized gas utilities was 9.46% in cases decided in 
2020 versus 9.71% in 2019. There were 34 gas cases that included an ROE 
determination in 2020 versus 32 in 2019.

Included in the electric ROE average is a decision by the Maine Public Utilities 
Commission in which the commission reduced Central Maine Power Co.’s ROE 
by 100 basis points to 8.25% due to imprudence associated with a new billing 
system. The adjustment is to be lifted when the utility meets all performance 
benchmarks for all service quality metrics for at least 18 consecutive months 
after March 1, 2020, and formally demonstrates to the commission that the 
problems have been resolved. 

In addition, the electric ROE average in 2020 was also weighed down by an 8.20% 
ROE authorized Green Mountain Power, as calculated under the company’s 
multiyear regulation plan which employs a formulaic approach tied to U.S. 
Treasuries.

This data includes several limited-issue rider cases. Excluding these cases, the 
average authorized ROE was 9.39% in electric rate cases decided in 2020, versus 
9.65% observed in 2019. The difference between the ROE averages including rider 
cases and those excluding the rider cases is driven by ROE premiums allowed in 
Virginia for riders that address recovery of specific generation projects.

In 2020, the median ROE authorized in all electric utility rate cases was 9.45%, 
versus 9.65% in 2019; for gas utilities, the metric was 9.42% in 2020, versus 
9.70% in 2019. 

Feb 02, 2021
spglobal.com/marketintelligence

For Detailed Data
Click here to see supporting 
data tables.
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within S&P Global Market Intelligence
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The averages in 2020 are at the lowest levels ever witnessed in the industry, and with the recent interest rate cuts by the 
U.S. Federal Reserve and current pandemic-induced recession, even lower authorized returns may be on the horizon.

From a longer-term perspective, interest rates, as measured by the 30-year U.S. Treasury bond yield, fell almost steadily 
from the early 1980s until 2015 or so, placing downward pressure on authorized ROEs. Even though the decline has 
been less dramatic in the period since 1990, average authorized ROEs fell below 10% for gas utilities in 2011 and for 
electric utilities in 2014. 

Since 2010, rate case activity has been robust, with 100 or more cases adjudicated in nine of the last 11 calendar 
years. This count includes electric and gas cases where no ROEs have been specified; however, withdrawn cases are 
not included. After reaching an almost 30-year high in 2018, when almost 140 cases were decided, rate case activity 
moderated somewhat in both 2019 and 2020, with about 128 electric and gas cases resolved in each year. 

Absent the pandemic, increased costs associated with environmental compliance, generation and delivery infrastructure 
upgrades and expansion, renewable generation mandates, storm and disaster recovery, cybersecurity and employee 
benefits have contributed to an active rate case agenda over the last decade. 

Due to COVID-19 and the challenging economic backdrop, many  utilities and state commissions in 2020 found creative 
ways to limit the immediate impact of rate hikes by pushing rate changes into a future period or agreeing to forgo 
rate hikes. 

Currently, there are about 75 rate cases pending. With the economy still reeling from the pandemic, we expect the pace 
of rate case activity to be somewhat measured in 2021.

Rising interest rates over the past several years also likely contributed to the increased rate case activity. After holding 
rates near zero for several years, the Federal Reserve began raising the federal funds rate in 2015. Before the pandemic 
hit, the Fed, after more than a decade without a cut, lowered rates three times in 2019, due to signs of a slowing 
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economy. In addition, to stabilize the economy from the fallout from the coronavirus outbreak, the Fed cut rates twice in 
March 2020, resulting in a target range of 0%-0.25%. To facilitate economic recovery, Fed policymakers have indicated 
that it will keep rates anchored near zero through 2023.

While changes in the federal funds rate do not move in lockstep with longer-term treasuries and authorized ROEs do 
not move in lockstep with interest rates, the expectation is that as interest rates change, authorized ROEs would also 
change in a similar fashion. However, several factors impact the timing and magnitude of such a shift. Normal regulatory 
lag, i.e., the amount of time it takes for a utility to put together a rate case filing and tender it to the commission and 
then for the commission to process the case, would without any other influences delay a change in average authorized 
ROEs relative to interest rates. 

It is also worth noting that while both interest rates and authorized ROEs have generally been declining since 1990, 
the gap between authorized ROEs and interest rates widened somewhat over this period, largely as a result of an 
often-unstated understanding by regulators that the drop in interest rates caused by Federal Reserve intervention 
was unusual. 

However, given the focus on customers’ ability to pay and the need to maintain universal service as the pandemic drags 
on, regulators may be more apt to further lower authorized ROEs to mitigate the level of bill increases that result from 
recovery of pandemic-related costs. These considerations could be further complicated if the Biden administration 
seeks to roll-back the 2017 corporate tax reform initiatives.

Capital structure trends
To offset the negative cash flow impact of 2017 federal tax reform, many utilities sought higher common equity ratios, 
and the average authorized equity ratios adopted by utility commissions in 2019 were modestly higher than the levels 
observed in 2018 and 2017. In cases decided in 2020, the average authorized equity ratio for electric utilities was 
49.69%. For 2019, 2018 and 2017, the average equity ratios authorized in electric utility cases were 49.94%, 49.02% 
and 48.90%, respectively. The average allowed equity ratio for gas utilities nationwide in cases decided in 2020 was 
51.86%. For 2019, 2018 and 2017, the average was 51.75%, 50.12% and 49.88%, respectively. 

Average authorized capital structures (%)
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Taking a longer-term view, equity ratios have generally increased over the last several years — the average equity ratio 
approved in electric rate cases decided during 2004 was 46.96%, while the average for gas utilities was 45.81%. Many 
commissions began approving more equity-rich capital structures in the wake of the 2008 financial crisis. 

A more granular look at ROE trends
The discussion thus far has looked broadly at trends in authorized ROEs; the sections that follow provide a more 
granular view based upon the types of proceedings/decisions in which these ROEs were established.

RRA has observed that there can be significant differences between the average ROEs from one subcategory of cases 
to another.

As a result of electric industry restructuring, certain states unbundled electric rates and implemented retail competition 
for generation. Commissions in those states now have jurisdiction only over the revenue requirement and return 
parameters for delivery operations.

Comparing electric vertically integrated cases versus delivery-only proceedings over the past several years, RRA 
finds that the annual average authorized ROEs in vertically integrated cases typically are about 30 to 65 basis points 
higher than in delivery-only cases, arguably reflecting the increased risk associated with ownership and operation of 
generation assets.

The industry average ROE for vertically integrated electric utilities was 9.55% in cases decided in 2020, versus the 9.74% 
average posted in 2019. By comparison, for electric distribution-only utilities, the industry average ROE authorized in 
2020 was 9.10%, versus 9.37% in 2019. 

Average authorized electric ROEs (%)
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Data compiled Jan. 27, 2021. 
Source: Regulatory Research Associates, a group within S&P Global Market Intelligence

Settlements have frequently been used to resolve rate cases over the last several years, and in many cases, these 
settlements are “black box” in nature and do not specify the ROE and other typical rate case parameters underlying 
the stipulated rate change. However, some states preclude this type of treatment, and settlements must specify these 
values, if not the specific adjustments from which these values were derived. 
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For both electric and gas cases, RRA has found no discernible pattern in the average authorized ROEs in cases that 
were settled versus those that were fully litigated. In some years, the average authorized ROE was higher for fully 
litigated cases, in others, it was higher for settled cases, and in a handful of years, the authorized ROE was similar for 
both fully litigated and settled cases. 
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Data compiled Jan. 27, 2021. 
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For several years, the annual average authorized ROEs in electric cases that involve limited-issue riders were 
meaningfully higher than those approved in general rate cases, driven primarily by the ROE premiums authorized in 
generation-related limited-issue rider proceedings in Virginia. However, these premiums were approved for limited 
durations and have since begun to expire. As a result, the gap between the average ROE observed in the rider cases and 
that observed in general rate cases has narrowed. Limited-issue rider cases in which a separate ROE is determined 
have had limited use in the gas industry, as most of the gas riders rely on ROEs approved in a previous base rate case. 

The following discussion focuses on the corresponding tables available here.

Table 1 shows the average ROE authorized in major electric and gas rate decisions annually since 1990 and by quarter 
since 2016, followed by the number of observations in each period. Table 2 indicates the composite electric and gas 
industry data for all major cases, summarized annually since 2004 and by quarter for the past eight quarters. 

Tables 3 and 4 provide comparisons since 2007 of average authorized ROEs for settled versus fully litigated cases, 
general rate cases versus limited-issue rider proceedings and vertically integrated cases versus delivery-only cases 
for electric and gas utilities, respectively. 

The individual electric and gas cases decided in 2020 are listed in Table 5, with the decision date shown first, followed 
by the company name, the abbreviation for the state issuing the decision, the authorized rate of return, the ROE and 
the percentage of common equity in the adopted capital structure. Next, RRA indicates the month and year in which 
the adopted test year ended, whether the commission utilized an average or a year-end rate base and the amount of 
the permanent rate change authorized. The dollar amounts represent the permanent rate change ordered at the time 
decisions were rendered. Fuel adjustment clause rate changes are not reflected in this study.

The simple mean is utilized for the return averages. In addition, the average equity returns indicated in this report reflect 
the ROEs approved in cases that were decided during the specified time periods and are not necessarily representative 
of either the average currently authorized ROEs for utilities industrywide or the returns actually earned by the utilities.
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© 2021 S&P Global Market Intelligence. All rights reserved. Regulatory Research Associates is a group within S&P Global Market Intelligence, a divi-
sion of S&P Global (NYSE:SPGI). Confidential Subject Matter. WARNING! This report contains copyrighted subject matter and confidential information 
owned solely by S&P Global Market Intelligence (SPGMI). Reproduction, distribution or use of this report in violation of this license constitutes copyright 
infringement in violation of federal and state law. SPGMI hereby provides consent to use the “email this story” feature to redistribute articles within 
the subscriber’s company. Although the information in this report has been obtained from sources that SPGMI believes to be reliable, SPGMI does not 
guarantee its accuracy. 

Table 6 and the graph above track the average and median equity return authorized for all electric and gas rate cases 
combined by year for the last 30 years. As the table indicates, since 1990, authorized ROEs have generally trended 
downward, reflecting the significant decline in interest rates and capital costs that has occurred over this time frame. 
The combined average and median equity returns authorized for electric and gas utilities in each of the years 1990 
through 2019 and the number of observations for each year are presented in the accompanying chart.

Please note: In an effort to align data presented in this report with data available in S&P Global Market Intelligence’s 
online database, earlier historical data provided in previous reports may not match historical data in this report due to 
certain differences in presentation, including the treatment of cases that were withdrawn or dismissed, as well as the 
addition of cases that were previously not part of RRA’s coverage.
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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 iniitiating 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 profit abilities of the array of 
capital outlay alternatives, and (2) determinling 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 infornmation, 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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CAPITAL EQUIPMENT ANALYSIS 103 

National Industrial Conference Board and in periodicals such as the N.A.C.A. 
Bulletin.! 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,2 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 
types 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 quantifying 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 
opportunities 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 determining 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- 

1 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 Confeience 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. 

2 Journal of Business, Vol. XXVIII, No. 3 (October, 1955). 
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104 MYRON J. GORDON AND ELI SHAPIRO 

ment's decisions. It has been shown by Lutz and Lutz in their Theory of the In- 
vestment of the Firm3 and by others4 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 
these 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 must 
follow that current yield, 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 usefulness as the required rate of profit in capital budgeting is ques- 
tionable. 

In his Theory of Investment Value5, 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 our 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 t = 0, let D: = 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 k that 
satisfies 

(1) PO = E ( 
t- (1 + k)t' 

3 Friedrich and Vera Lutz, The Theory of Investment of the Firm (Princeton, N. J., 1951, 
Princeton University Press, 253 pp.), 41-43. 

4 Joel Dean, Capital Budgeting: Top Management Policy on Plant, Equipment, and Prod- 
uct 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. 

5J. B. Williams, The Theory of Investment Value, (Cambridge, Massachusetts, 1938, 
Harvard University Press), 87-96. 
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CAPITAL EQUIPMENT ANALYSIS 105 

It is mathematically convenient to assume that the dividend is paid and dis- 
counted continuously at the annual rates Dt and k, in which case 

(2) PO= I Dteektdt. 

Since Po is known, estimating the rate of profit at which a share of stock is sell- 
ing requires the determination of Dt, t = 1, 2, * - oo* 

At the outset it should be made clear that our objective is not to find the rate 
of profit that will 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) is 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 Yt equal a 
corporation's income per share of common after taxes at time t. Then the ex- 
pected dividend at time t is 

(3) Dt- (1 -b)Yt 

The income per share at time t is the income at (t - 1) plus r percent of the 
income at (t - 1) retained, or 

(4) Yt = Yt-1 + rbY t_ 

Equation (4) is simply a compound interest expression so that, if Yt grows con- 
tinuously at the rate g = br, 

(5) Yt= Yoegt. 

From Equations (3) and (5) 

(6) Dt = Doeat. 

Substituting this expression for Dt in Equation (2) and integrating, yields 

k 

PO = Doeg e-kt dt 

(7) - Do J etk-g) dt 

Do 

kDo9 
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106 MYRON J. GORDON AND ELI SHAPIRO 

The condition for a solution is k > g, a condition that is easily satisfied, for 
otherwise, P0 would be infinite or negative. 

Solving Equation (7) for k we find that 

(8) k =Do +g. 

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 k as the growth rate of profit. 

III 

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 fundamental 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 uncertain, 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 somne 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 uniformly 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 k 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 requires 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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CAPITAL EQUIPMENT ANALYSIS 107 

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 

Y -D Y 
(9) b= and r = B 

where B = the net worth or book value per share. The growth rate of profit, 
therefore, may be written as 

D D Y-D 
(10) k B + br = + 

Next, the income yield can be decomposed as follows: 

(11) 8 = 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 special 
case where book and market values are equal, the two errors exactly compensate 
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 ralnge than 
the earnings yield. 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 MYRON J. GORDON AND ELI SHAPIRO 

that the comparative stability of k is merely a consequence of the limitations of 
accounting data. This is not true! The behavior of k is not a consequence of the 
supposed lack of realism in accounting data. Rather, book value appears in the 
model because 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 k 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 marginal return 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 k differ and if the reasoning in 
support of k presented earlier is valid, using y to estimate the direction in which 
a new issue will 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 k, 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 definition, y = YIP or k = D/P + 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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CAPITAL EQUIPMENT ANALYSIS 109 

Rate of 
Return 
and 
Rate of 
Profit 

y or k 

; ~ ~ ~ ~ ~~~~~y o r ka 

Income Retained 
and Invested 

FIG. 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 extent allowed by it. 

It has been stated by Dean6 and Terborgh7 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 

B Dean, op. cit., 53-55. 
7George Willard Terborgh, Dynamic Equipment Policy (New York, 1949, McGraw-Hill, 

290 pp.), 228-29. 
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110 MYRON J. GORDON AND ELI SHAPIRO 

wheni 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 equilibrium 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 k, should increase or it should fall 
at a lower rate than r'. The latter case is illustrated by the line Ya 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 should be used to measure the required rate of profit. Second, 
there is no question that the required rate of profit varies with the dividend rate. 
Hence, the current rate of piofit 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 y or k 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. 

V 

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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Using Analysts' Growth Forecasts to
Estimate Shareholder Required Rates of
Return

Robert S. Harris

Roheri S. Harris is a member of the facullx of ihe Universiiy of North
Carolina at Chapel Hill. He is also an Associate Editor o/ Financial
Management.

I. Introduction
Shareholder required rates of return play key roles in

establishing economic criteria for resource allocation
in many corporate and regulatory decisions. Theory
dictates that such returns should be forward-looking
return requirements that take into account the risk of
the specific equity investtnent.

Estimation of such returns, however, presents nu-
merous and difficult problems. Although theory clear-
ly calls for a forward-looking required return, investi-
gators, lacking a superior alternative, often resort to
averages of historical realizations. One primary exam-
ple is the determination of equity required return as a
"least risk" rate plus a risk premium where an equity
risk premium is calculated as an average of past differ-
ences between equity returns and returns on debt in-
struments. The historical studies of Ibbotson et al. [9)

Thanks go to Ed Bachmann, Rich Harjes. and Haniid Mehran for
compuiatiDnal assislance and to Bill Carleton. Pete Crawford, and Steve
Osbom tor many discussions. I gratefully acknowledge financial sup-
port from the UNC Business Foundation and the Pogue Foundation and
thank Bell Atlantic for supplying data for this project. Finally. I thank
colleagues at L'NC for their helpful comments.

have been used frequently to implement this ap-
proach.' Use of such historical risk premia assumes
that past realizations are a good surrogate for future
expectations and that risk premia are roughly constant
over time. Additionally, the choice of a time period
over which to average data under such a procedure is
essentially arbitrary. Carleton and Lakonishok |3]
demonstrate empirically some of the problems with
such historical premia when they are disaggregated for
different time periods or groups of firms.

Recently Brigham. Shome, and Vinson |2) sur-
veyed work on developing ex ante equity risk pretnia
with particular emphasis on regulated utilities. They
presented their own risk premia estimates, which make
use of financial analysts' forecasts as surrogates for
investor expectations.

The current paper follows an approach similar to
Brigham et al. and derives equity required returns and
risk premia using publicly available expectational

'Many leading texts in financial management use such historical risk
premia to estimate a market return. See forexample. Brealcy and Myers
11). Often a market risk premium is adjusted for the observed relative
risk of a stock.
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HARRIS/ESTIMATING SHAREHOLDERS' REQUIRED RETURNS 59

data. The estimation makes use of dividend growth
models but incorporates expected ratber than historical
growth rates. A consensus forecast of financial ana-
lysts is used as a proxy for investor expectation.s.
While Brigham et al. focus on utility securities, this
paper also provides estimates of risk premia for a broad
market index, Kquity risk premia for both the market
and for utilities are shown to vary over time with
changes in the perceived riskiness of corporate activity
relative to U.S. government bonds. In addition, the
estimated risk premia at any given time are shown to
vary across groups of stocks. The paper also provides
results using the dispersion of analysts' forecasts as an
iw ante proxy for equity risk.

Section II discusses related literature on financial
analysts" forecasts (FAF) and the estimation of re-
quired returns using such forecasts. In Section III mod-
els and data are discussed. Following a comparison of
the results to those of earlier studies (including histori-
cal risk premia), the estimates are subjected to eco-
noniie tests of both their time-series and their cross-
sectional characteristics in Section V. Finally,
conclusions are offered,

II. Background and Literature Review
In finance, it is often convenient to use the notion of

a shareholder's required rate of return. Sueh a rate (k)
is the minimum level of expected return necessary to
compensate the investor for bearing risks and receiving
dollars in the future rather than in the present. In gener-
al, k will depend on returns available on alternative
investments ie.g.. bonds or other equities) and the
riskiness of the stock. To isolate the effects of risk it is
often useful (both theoretically and etnpirically) to
work in terms of a risk premium (rp), defined as

rp = k - i. (1)

where i = required return for a zero risk investment.
Theoretically, i is a risk free rate, though empirically
its proxy [e.g.. yield to maturity on a government
bond) is only a "least risk" alternative that is itself
subject to risk.- While models such as the capital asset
pricing model offer explicit methods for varying risk
premia across securities, they provide little practical
advice on establishing some benchmark market risk
premium. Other models, such as the dividend growth
model (hereafter referred to as the discounted cash

•'In Ihis (Jevelnpmcni the effects of tax codes and mtlation on required
returns are ignored.

flow, or DCF. model), ean be used to provide direct
estimates of k. and hence implied values of rp. but are
silent on how rp ought to vary across firms. In this
paper DCF models are used to establish risk premia
both for the market and for utility stocks. Since the
DCF analysis uses a consensus measure of FAF of
earnings as a proxy for investor expectations, a brief
review of research on FAF is appropriate,

A. Literature on FAF
Much of the burgeoning literature on properties of

FAF is surveyed by Givoly and Lakonishok |8!, Of
primary importance for this work is the relationship
between FAF and Investor expectations that determine
stock prices. Such forecast data are readily available.
That they are used by investors is evidenced hy the
commercial viability of services that provide such
forecasts and by the results trt studies of investors'
behavior (Touche. Ross and Company |16|. Stanley.
Lewellen and Schlarbaum | \5\). Moreover, agrowing
body of knowledge shows that analysts' earnings fore-
casts are indeed reflected in stock prices. Such studies
typieally employ a consensus measure of FAF calcu-
lated as a simple average' of forecasts by individual
analysts. FIton. Gruber. and Gultekin \5\ show that
stock prices react more to changes in analysts' fore-
casts of earnings than they do to changes in earnings
themselves, suggesting the usefulness of FAF as a
surrogate for market expectations. In an extensive
NBFR study using analysts' earnings forecasts. Cragg
and Malkiel 14. p, 1651 conclude "the expectations
formed by Wail Street professionals get quickly and
thoroughly impounded into the prices of securities.
Implicitly, we have found that the evaluations of com-
panies that analysts make are the sorts of ones on
which market valuation is based." Updating Cragg and
Malkiel's work. Vander Weide and Carleton 117) re-
cently compare consensus FAF of earnings growth to
41 different historical growth measures,^ They con-

Mayshar (I4| discusses ihc problems of explaining equilibrium prices
i)f securities when there is divergence of opinion among investors. One
issue is whetber it is tbe expectation of tbe marginal investor or tbe
average investor that delermines security prices, Mayshar sbowsibiit. in
general given divergence of opinion and trading costs, not all investors
trade in nil assets and tbut equilibrium prices and the identity of investors
truding in eacb assel are jointly determined. In this sense, equilibrium
prices can be considered as "determined simulianeously by tbe average
and marginal investors,""

""Buth Cragg and Malkiel [4| and Vander Weide and Carleliin 117| sbow
that an average measure of analysts' forecasts of growth in earnings is
powerlul in e.xplaining cross-sectional variation in priee earnings ratios
of stocks.
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60 FINANCIAL MANAGEMENT/SPRING 1986

elude that "there is overwhelming evidence that the
consensus Analysts" forecast of future growth is superi-
or to historically-oriented growth measures in predict-
ing the firm's stock price . . . consistent with the
hypothesis that investors use analysts' forecasts, rather
than historically-oriented growth calculations, in mak-
ing stock buy and sell decisions."' [17. p. 15|.

B. Use of FAF to Estimate Equity Required
Returns

Given the demonstrated relationship of FAF to equi-
ty prices and the direct theoretical appeal of expecta-
tional data, it is no surprise that FAF have been used in
conjunction with DCF inodels to estimate equity return
requirements. Typically such approaches have esti-
mated an e.\ ante risk premium (rp) calculated as the
difference between required return and a least risk rate
as shown in Equation (1).

Malkiel [I3 | estimated such risk premia for the Dow
Jones Industrial Index using a nonconstant growth ver-
sion of the DCF model. Initial years of growth were
based on Value Line's five-year earnings growth fore-
casts with subsequent growth approaching a long-run
real national growth rate of 4%. More recently,
Brigham. Vinson, and Shome [2| used a two stage
DCF growth model to estimate e.\ ante risk premia for
electric utilities and the Dow Jones Industrial Index.
For the period 1966-1984. they report annual risk pre-
mia for both Dow Jones Industrial and Electric Indices
using Value Line's forecasts. Beginning in 1980 they
report nionthly risk premia for electric utilities with the
source of FAF varying over time; starting with Value
Line, adding Merrill Lynch and Salomon Brothers in
1981 and finally, in mid-1983, adding iBES data.
IBES (Institutional Broker's Estimate System) is a col-
lection of analysts' forecasts and is discussed in the
next section. The resultant risk premia vary over time.
In addition. Brigham et al. present evidence that their
estimated risk premia vary cross-sectionally with a
stock's risk (as proxied by bond rating) and over time
with the level of interest rates. FAF also have been
used in conjunction with DCF models by a number of
expert witnesses in rate of return determination for
regulated utilities. Recently, the Federal Communica-
tions Commission [61 tentatively endorsed the use of
consensus FAF in DCF determinations of required re-
turn on equity.^

This paper adds to earlier work in a number of im-
portant respects. First, while Malkiel and Brigham et
al. tbcus on electric utilities or the Dow Jones industri-
al Index, this paper estimates risk premia for a broadly

defined market index — the Standard and Poor's 500.
Thus., the results are directly comparable to historical
"market" risk premia typically estimated on a similar
sample of stocks. Second, the study uses a large sam-
ple of FAF (beginning in 1982 when the necessary data
first became available). This provides the ability to use
a consensus measure of expectations as would be sug-
gested by financial theory. Third, the results show that
the derived risk premia change over time and that these
changes are related to proxies for risk, which would be
expected to be associated with equity risk premia. Al-
though such changes have been noted by earlier studies
(c.,^., Brigham et al.). there is little work explaining
the patterns of change. Finally, the paper shows the
usefulness of the dispersion of FAF as a proxy for risk.
Such a measure is a direct expectational measure of
risk and does not rely on assumptions of risk stability
over time as do most operational methods of deriving
risk surrogates.

III. Models and Data
A. Model for Estimation

The DCF model states that the current market price
is the present value of expected future cash flows from
ownership. The simplest and most commonly used
version estimates shareholders" required rate of return,
k. as the sum of dividend yield and expected growth in
dividends, or

k = (D,/P,,) + g. (2)

where D| = dividend per share expected to be received
at time one. P,, - current price per share (time 0). and
g = expected growth rate in dividends per share. The
limitations of this model are well known, and it is
straightforward to derive expressions for k based on
more general specifications of the DCF model.'' The
primary difficulty in using the DCF model is obtaining
an estimate of g. since it should reflect market expecta-

In r e s p o n s e hi Ihc \-CC'si\(ilici' of Frapcsed Riilemiikini< \b] l o d e t e r -
mine ituthorized rates of return. AT&T used an approach driven by FAF
jirowth estinialcs trom IBHS. Also sec. for example. W.T. Carleton.
Tiwiiini'iiv infore the Vcrirwnl PublicScrviieBoard. DiKrkcf No. 4865
iJanuiiry 19841 and R.S. Harris. Ti'stimimy filed with the Delaware
Public Service Commission. Doekel 84-33 (Novemher 14X41. In its
Siiiiplcmcntcil Noticf |ft), the K'C tentatively endorsed substantial reli-
ance on [AH lor use in DCf- dolerminatmti of cosi of equiiy,

"As stated. Equation (2) requires expectations of either an itifmite hori-
zon of dividend growth at rate g or a finite horizon of dividend growth at
rate j ! and special assumptions aboui the prit:e ot the stiK'k at the end of
ihal horizon. Essentiatiy. Ihc assumption must ensure that the
priee grows at a compound rate of g over the finite horl/.on.
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HARRIS/ESTIMATING SHAREHOLDERS' REQUIRED RETURNS 61

lions of future performance. Without a ready source
lor measuring such expectations, application of the
DCF model is fraught with difficulties even if the sim-
ple version shown in Equation (2) fits the equity in-
vestment in question. This paper uses published FAF
of long-run growth in earnings as a proxy for g.

B. Data
Many analysts publish forecasts of corporate earn-

ings. Such forecasts are widely disseminated and are
the subject of considerable interest both to investors
and researchers (see Givoly and Lakonishok |8]). In
recent years, this interest has led to a viable market for
services that collect and disseminate such FAF. FAF
for this research come from IBES (Institutional
Broker's Estimate System), which is a product of
Lynch. Jones, and Ryan, a major brokerage firm. Data
in IBES represent a compilation of earnings per share
(EPS) estimates of about 2000 individual analysts from
100 brokerage firms on over 2000 corporations. IBES
data are provided to clients in a number of forms,
inciuding on-line data bases provided by vendors. The
client base, which currently numbers more than 300,
includes most large institutional investors such as pen-
sion funds, banks, and insurance companies. Repre-
sentative of industry practice. IBES contains estimates
of (i) EPS for the upcoming fiscal year, (ii) EPS for the
subsequent year, and (iii) a projected five-year growth
rate in EPS. Each item is available at monthly
intervals.

IBES collection procedures are designed to obtain
timely forecasts made on a consistent basis. IBES re-
quests "nt)rmalized" five-year growth rates from ana-
lysts. Such normalization is designed to remove short-
terni distortions that might stem from using an
unusually high or low earnings year as a base. These
growth and other earnings forecasts are updated when
analysts formally change their stated predictions.
IBES does, however, verify prior forecasts monthly to
make sure that analysts still hold to them. Despite
these procedures, there remain potential difficulties in
using IBES data to the extent that some analysts fail to
normalize growth projections or fail to continually re-
view and revise their earnings estimates. To control for
some of these potential difficulties, this analysis uses
averages of analysts" forecasts for a wide range of
companies over an extended number of months.

In this research, the mean value of individual ana-
lyst's forecasts of live-year growth rate in EPS will be
used as a proxy for g in the DCE model.'The five-year
horizon is the longest horizon over which such fore-

Exhibit 1. Variable Definitions

k - equity required rate of return
P() = average daily price per share*
D| - expeeled dividend per share measured as eurreni indi-

eated annual dividend from COMPUSTAT multiplied
by (I +g)+

g = average finaneial analysts" foreeasis of five-year
growth rale in earnings per share (from IBBSl

CTj, = cross-see-lionai standard deviation of analysts' forecasts
of growth ill earnings per share (from IBliSl

N̂ , = number of analysis" forecasts of g (from IBtS)
i:>(, = yield to malurity on 20-year U.S. government obliga-

tions. Source: Federal Reserve Bulletin, constant matu-
rity series

i,. = yield to maturity on long-term corporate bonds:
Moody's average

î  = yield to maturity on long-term public utility bonds:
Moody's average

rp = equity risk premium ealeulated as rp ^ k - i:,!

"In results reported P,, is the average JaiK price fur a Meek Iruni the
tK'tiinniiig of (he tnonlh up tu iirid ineludinji the date oi publieatiun of
monlhlv IBHS dala (typieally half a niunihl Almost identical results
were fiiund using the average price for the entire month.
tSce Footnote S al the end ol the paper fur :» discussion ol the (I + g)
adjustment.

casts are available from IBES and often is the longest
horizon used by analysts. One could make alternate
assumptions about growth after five years and use a
more general version of a DCF model but unfortunate-
ly, there is no source for obtaining market estimates of
this expected gj-owth. As a result, the current analysis
applies the five-year growth rate as a proxy for g in
Equation (2). Given no objective basis for predicting a
change in growth (see Footnote 6). this avoids the
introduction of ad hoc assumptions about future
growth. Importantly, however, the approach is applied
to portfolios of stocks rather than to individual securi-
ties, since future growth patterns may be expected to
have drastic changes for some specific securities.
Stock prices were obtained from Chase Econometrics
and dividend and other firm-specific information from
COMPUSTAT. Interest rates (both government and
corporate) were gathered from Eederal Reserve Bulle-
tins and from Moody's Bond Record. Exhibit I de-
scribes key variables used in the study. Data collected
cover all dividend paying stocks in the Standard and
Poor's 500 stock (SP500) index plus approximately

While the model ealls for expected growth in dividends, nu snurce ot
dLiiaon such projeetions isreaUilv available. In addition, in the lonj; run.
dividend jirouth is siistainahle only via growth in carninjis. As King as
payoul ratios are mil expeeled to change, the iwo growth rates will be
the same. Vander Weide and Cark-tim 1171 also use the IBI1.S gruwlh
rale in eaminjis per share.
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150 additional stocks of regulated cotiipanies. Since
five-year growth rates were first available from IBES
in January 1982. the analysis covers the 3()-month
period 1982-1984. On average, each company in
SP500 had approximately nine individual forecasts of
g per month, with some companies having 20 or more
forecasts of g. As a result, well over 100.000 EAF
(company-months) were employed in the analysis.

IV. Construction of Risk Premia and
Required Rates of Return

Eor each month, a "market" required rate of return
was calculated using each dividend paying stock in the
SP5()0 index for which data were available. The DCF
model in Equation (2) was applied to each stock and
the results weighted by market value of equity to pro-
duce the market required return/ The return was con-
verted to a risk pretnium by subtracting î ,,. the yield to
maturity on 20-year U.S. government bonds.''The pro-
cedure was repeated for the Standard and Poor s Utility

"The eonslmelion ol L), is eoiuroversial sitiue dividends are paid quar-
terly and may ho expected lo change during the year: whereas. Equation
(2). as is lypieal. is being applied lo annual data. Both the quarterly
payment i>f dividends (due to investors' reinvesimeni income before
year's end. see Linke. und /t imwall 111|) and any growth during the
year require an upward adiuslmenl ol' ihe current annual rate ol divi-
dends lo eunslrucl D,. If ituanerly dividends grew al a coiislan! rale,
hoth factors eould be aeeonimodaleiJ straightforwardly by applying
Equation (2) to quarterly dala (with a quanerly growth rate) anii then
anniiali/inj; the estimated quarterly required return. Unfortunately, with
lumpy changes in liividetids. the precise n;iture of ihe adjustment de-
pends, on both an individual company's pdttem of growth during the
calendar year anil un indiviilual company's required retum (and hence
reinvestmenl income in ihal risk class).

Ill this work. D| is ealeulated as t)iil I + g l . The full g adjustmeni is a
crude approximatitm to adjust lor hoth growlh and reinvestment in-
come. R»r example, if one expected dividends to have been raised, un
average, six months ago. a "V: g" adjustment would allow tor growth,
the remaining "V2 g" would he justified on the hasis of reinvestmenl
inconie. Any precise accounting for both reinvestment income and
growth wiiuld requiie tracking eaeh company's dividend change history
and making explicit judgments ahout the quarter of the next change.
Since nii organised "market" forecasts of such a detailed nature e^ist.
such a pri.>eedure is mu piissihle. To get a feel lor ihe miijinitudes
involved. Ihe ;iverage dividenJ yield (t)|.'P,,) and growth (tnarket value
weighted iy«2 19S4I for ihe Sl'MX) were 5.8'~/i and 12.5';f. Compara-
ble figures tor the SP utility index were 1U.47( and 6.7</f, As a result, ii
"lull g" adjuslment on average increases the required return by 60 70
basis poinis (relative lo no g adjusimenti for both indices.

"Brigham, Shume. and Vinsnn | 2 | also use this interest rate to create
equity risk premia. The results were robust to changes in weighting. I-nr
the SPf'lHl, equal weighting (rather than value weighting) increased ihc
I9S2- 11X4 risk premium by twii basis points while for the SPUT equal
weighting resulted in a 21 basis poini increase. As a further test, the
SP.'iOO slocks were ranked on g and the upper antl lower deciles deleted.
The resulting risk premium (14S2-K4 average! was 5.94'^. A similar
procedure used to rank dividend yield produced an SP5011 risk premium
of 6.I8<7<.

Exhibit 2. Required Rates of Return and Risk Premia

1982
Quarter 1
Quarter 2
Quarter 3
Quarter 4

Average
1983

Quarter 1
Quarter 2
Quarter 3
Quattcr 4

Average
1984

Quarter 1
Quarter 2
Quarter 3
Quarter 4

Average
Average

1982-1984

Bond
Yield*

14.27
13.74
12.94
10,72

12.92

10.87
10,8(1
11.79
11.90

11,34

12.09
13.21
12.83
11.78

12.48

12.25

SP5()0

Required"^
Relum

20. Kl
20.68
20.23
18.58

20.08

18.07
17.76
17,90
17.81

17.88

17.22
17.42
17.34
17,05

17.26

18.41

Riskt
Premium

6,54
6,94
7,29
7,86

7,16

7,20
6,96
6,11
5,91

6.54

5,13
4.21
4.51
5.27

4.78

6,16

SPUT

Required"!"
Retum

18.83
18.51
18.55
17.20

18.28

16.71
16,52
16,39
16,00

16.41

16.48
16.99
16.62
15.18

16.48

17,06

Riski:
Premium

4.56
4.77
5.61
6.48

5.36

5.84
5,72
4,60
4,10

5.07

4.39
3,78
3.79
4.04

4.(.K)

4.81

*\,u = Yield on U.S. Treasury' obligation, 20 year constant maturity.
i"Monthly required retum Ik) ealculaled as value weighted average.
Quarterly values are simple averages of monthly figures,
tRisk premium calculated as k - i>i,-

Index (SPUT) of 40 stocks. Exhibit 2 reports the re-
sults by quarter.

The results appear quite plausible. The estimated
risk premia are positive, consistent with equity owners
demanding a risk premium over and above returns
available on debt securities. Also, as would be expect-
ed for less risky stocks, the utility risk pretnia consis-
tently fall below those estimated for stocks in general.
Exhibit 2 shows that estimated risk premia change over
time, suggesting changes in the market's perception of
the incretnental risk of investing in equity rather than
debt securities. Such changes will be exatiiined in a
subsequent section.

For comparative purposes. Exhibit 3 provides re-
sults of related studies. The long-run differential return
between stocks and long-term government bonds (Pan-
el A) has been about 6.4% per year (on a geometric
basis). It is comforting to note that this is very close to
the 6.16% average annual risk premia estimated in
Exhibit 2. Note, however, that such risk premia appear
to change over time. Panels B and C show some of
Brigham etal.''s risk premiutii estimates. Unfortunate-
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Exhibit 3 . Results of Related Studies: Historical
Returns and Estimated Risk Premia

Arithmetic

Exhibit 4. Risk Premia by Moody's Bond Ratings^

Historical Return Realizations
11926-1980)*
Common Stocks 9.49c 11,7%
Long-Term Government Bonds 3.0'7(' 3.1%
U.S, Treasury Bills 2.8% 2.8%

Dow Jones Industrials Dow Jones tlectries

Aver-
Range

Aver-
age Range

B, DCF risk premia using one analystt
1966-1970
1971-1975
1976-1980
1981
1982
1983
1984

5.45
5.51
6,23
5.38
5.30
5.87
3,75

4.97-6
4,95-6
5,09-6

.81

.92
,88

3,91
5-95
5.82
5,62
3,70
5,64
4 0ft

3
4
5

.46-4

.52-8

.55-6

,13
,72
,21

Average 1982-1984 4,97 4.47

Elccrric L'lilitics

C , DCF risk premia using three
1981
1982
1983
1984 (through June)

analystsi:
3.73
4.52
5.17
5,01

*lbbolsan. SintiucfieliJ, and Sicgcl [9\.
^Analyst is Value Line, Dala are annual estimates using (wo-stage
growth DCK model. Source: Brigham. Shome, and Vinson [2|,
Mnalysls are Value l_inc. Merrill Lynch and Salomon Brothers, Data
an; averages ot monthly vutues trom Brigham, Shome. and Vinson |2i.

ly. their work does not include a broad market index
directly comparable to the SP.*̂ OO. Rather, they use the
Dow Jones Industrial Index based on 30 iurge industri-
al concerns. Though the SPUT includes a broader set
of utilities than the electrics covered by Brigham eial..
their average risk premium estimates are also in the 4
to 5% range for the early 1980s.

While the estimates in Hxhihit 2 are quite plausible,
the question still remains as to whether they satisfy
economic criteria one would expect of risk premia. In
the following section, the estimated risk premia are
subjected to a series of tests to see if they vary both
cross-sectionally and over time with changes in risk.
The lests are uititiiately Joint tests of the estimates as
useful risk premia. the measured proxies for risk and
the vahdity of the economic hypothesis. Nonetheless,
if the tests using the risk premia have results conform-
ing to theoretical expectation, the comfort level in
using them is increased accordingly.

Electric Utilities: SIC's 4911 and 4931
Aaa Aa A Baa

Ri.sk Premia
Risk Premium

(F.xpectational g)
Risk Premium

(Historical gt)
Financial Data

Debt Ratiol:

3.60 4,33 4,81 4.90

6.10 3.28 3.09 5.24

VariabilityH
Operating Cash Flow
Equity Cash Flow

Standard Deviation** of
Analyst.s' Forecasts

0,46
0,58

0.009
0.006

1.00

0.48
0,61

0,016
0.013

1.26

0,50
0,62

0,022
0,019

1,33

0,51
0,61

0.059
0.024

1.79

*Moody"s ratings as of January 1984 from Moody's Bond Record.
February 1984, The number of companies by rating Is Aaa (31. Aa(22).
A (32). Baa (22). Risk premia arc averages of monthly values. January
!y82-September 1983,
^Historical Growth is pasi five-year earnings growth, based on 20
quarters of past data. Source: IBES,
iDebi Ralio = Long-Term Debt -H Tutal Capital, average 1978-1982
from COMPUSTAT,
iJBela from Value Line. January' 29. 1982,
''Measure of variability around trend growth: variance of residuals of
regressions on quarterly COMPUSTAT data (1978-1982|, Regressions
are log of variable regressed on time and seasonal dummies.
**This is the average value of the standard deviation around the mean
long-ierni growth forecast. Such standard deviations are reported for
each company in each month. Note il is not the cross-sectional standard
deviation of growth rates among companies.

V. Characteristics of Risk Premia
A. Cross-Sectional Tests

Brighatii ef al. show that risk premia (IBES esti-
mates for first half of 1984) for electric utilities are
lower the higher the bond rating of the cotnpany, con-
firming the expected tradeoff between risk and return.
A similar experitnent for electrics, using the current
data stretching back to January 1982. confirmed this
relationship for a longer time period. Exhibit 4 reports
selected results of that analysis. As a contrast. Exhibit
4 also shows the results of using historical growth rates
(rather than FAE) in a DCE model. Risk premia de-
rived from historical growth are actually higher for
companies with very safe debt, suggesting the clear
inferiority of historical to expectational growth rates.
With the exception of beta, which is roughly constant
across groups, other measures of risk noted in Exhibit
4 confirm the risk differentials associated with bond
rating groups.

A further test of the cross-sectional variation in risk
premia was performed by dividing the universe of
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Exhibit 5. Equity Risk Premia: Deciles Based on
Standard Deviation ot" Financial Analysts Forecasts*
(Companies with at least three analysts)

10

Decile

*Risk premia were calculated as equally weighted averages for t;ai.h
decile (1(1 = highest dispersion) for each of three months: January
1982. December I9S2. and September I9H3 (approximately 50 compa-
nies per iJecilel, These premia were then averaged across deciles, A
similar downward pattern was evident in each month.

Stocks (industrial plus utility) according to the disper-
sion of analysts' forecasts, a^. This cross-sectional
measure of analysts" disagreement should be positive-
ly related to the uncertainty of future growth prospects
and hence to the riskiness of equity investment. Hlse-
where. Malkiel [12] has discussed the rationale and
usefulness of such dispersion as an ex ante measure of
risk. Malkiel argues that a^ may be a proxy for system-
atic risk and shows that it bears a closer empirical
relationship to expected return than does beta or other
risk measures. Most of Malkiel's work is. however,
based on data from the 196()s. Exhibit 5 reports risk
premia by decile based on a^ for companies having at
least three analysts* forecasts. The three months were
chosen as representative. The results show a consistent
positive relationship between risk premia and disper-
sion of analysts' forecasts.

The results in Exhibits 4 and 5 show that the estimat-
ed risk premia conform to theoretical relationships be-
tween risk and required return that are expected when
investors are risk averse. This strengthens the case for
using such risk premia. and provides encouragement
for further study of their structure.'"

'"Suth ex ante required returns offer a useful alternative to e.t post data
typically used in lests of asset pricing models. See Friend, Westerfield,
and Granito |7 | fora test of the CAPM using survey data rjtherlhan f,v
post holding period returns.

B. Time Series Tests
A potential benefit of using e.xante risk premia is the

estimation of changes in risk premia over time.
Brigham et al. \2\ note such changes for utility stocks
and relate them to changes in interest rates. They con-
clude that prior to 1980 utility risk premia increased
with the level of interest rates, but that this pattern
reversed thereafter, resulting in an inverse correlation
between risk premia and interest rates. They explain
this turnaround as the outcome of changes in bond
markets and adaptation of utilities and their regulators
to an intlationary environment. Brigham et al. do not,
however, analyze changing risk premia for stocks in
general. Furthermore, they do not provide direct em-
pirical proxies for changes in equity risks that would
explain changes in equity risk premia over time."

C. Changes in Risk Premia
One would expect changes in measured equity risk

premia to be related to changes in perceived riskiness.
First, with changes in the economy and financial mar-
kets, equity investments may be perceived to change in
risk. Second, since government bonds are risky invest-
ments themselves, their perceived riskiness may
change. For example, the large increase in interest rate
volatility in the last decade has undoubtedly made
fixed income investments more risky holdings than
they were in a world of relatively stable rates. Mea-
sured equity risk premia (relative to government
bonds) could thus be reduced due to increases in per-
ceived riskiness of bonds, even if equities displayed no
shifts in risk.

One measure of risk, the standard deviation of FAF,
a^. was shown previously to be related to cross-sec-
tional differences in risk premia. To test its usefulness
as a time series measure of risk, the average value of a^
was calculated each month for the SP500 index and the
SPUT index. The results are graphed in Exhibit 6.' '

' ' In addilion. Brigham et al. do not report on their treatmeni of serial
correlalion in reported regression results, making it more difficult to
inlerpret iheir findings. As an example, monthly data are used for the
1980-19(^4 period in a lime series regression of a risk premium on the
level ot inierest rales. Similar regressions using data in this paper
11982-1984 monthly data) showed significant positive autocorrelation
with Durbin Watson Statistics well below 1,0,

' "The average values of o are the market value weighted averages of
the Og for individual stocks, if one looked at a direct eslitnate of g made
by individual analysts for the index, one would expect to find a lower
amount of dispersion because some of the differences on individual
securities would cancel out. Such data are not available. One would
suspect, however, that the calculated average would move up and down
in tandem wiih this unobservable measure of dispersion.
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Exhibit 6. Equity Risk Premia, Interest Rales and
Risk

SP500

Jan Apr Jul Oci Jan Apr Jul Oci Jan Apr Jui Oct
^ 1982 1985 '• 1984
SPUT

-

-

I I I I 1
'20,,..

" ' - . . • • " • - % . ' ' ' '

(iu"i2o)

1 1

\

-

rp -

-

Apr Jul Oct Jan Apr Jul Oct Jan Apr Jul Oct
1982 '• 1983 •- 1984

Another possible time series proxy for equity risk is
the set ot yield spreads between corporate and govern-
ment bonds. As the perceived riskiness of corporate
activity increases, the difference between yields on
corporate bonds and government bonds should in-
crease. One would expect the sources of increased
riskiness to corporate bonds to also increase risks to
shareholders." Exhibit 6 graphs two series of yield
spreads. The first is the difference between the yield on
Moody's corporate average series and the yield on 20-
year U.S. Treasury obligations. This series includes
debt of both industrial and utility companies and thus
would be appropriate as a risk proxy for a broad market
index such as the SP500. The second is the spread
between the yields on Moody's public utility series and

'"'Of course, counterexamples could be constructed but one would ex-
pect an overall positive correlation across companies. Additionally, the
cross-sectional relationship between bond ratings and cquiiy risk premia
reported earlier in (he paper supports the link between corporate debt
risks and risks on equity.

20-year U.S. Treasury bonds. This series should re-
fiect relative risks of utility stocks as proxied by
SPUT.''

Hxhibit 7 reports results of analyzing the relation-
ship between risk premia. interest rates, and proxies
for risk for both the SP500 and SPUT. All regressions
are corrected for serial correlation.'' For stocks in gen-
eral. Panel A shows that risk premia are negatively
related to the level of interest rates — as proxied by i,,,.
Such a negative relationship may result from increases
in the perceived riskiness of investment in governtnent
debt at high levelsof interest rates. A direct measure of
uncertainty about investments in government bonds
would be necessary to test this hypothesis directly.

The results also show the significant positive rela-
tionship between the two proxies for risk and the esti-
mated risk premia. For example, regression 4 of Panel
A shows that the equity premium on the SP500 in-
creases with the dispersion of FAF (a,) and the yield
spread between corporate and government bonds (î  —
i,,,). Evidently, these two risk measures capture some-
what different dimensions of risk, both of which ap-
pear important in explaining risk premia on stocks in
general. The simple correlation coefficient between
the two risk measures is 0.19 and is insignificantly
different from zero. The addition of the yield spread
risk proxy also dramatically lowers the magnitude of
the coefficient on government bond yields, as can be
seen by comparing Equations 1 and }• of Panel A.
Apparently, a large part of the effect of changes in
government bond rates on equity risk premia may be
explained through the narrowing of the yield spread
between corporate and government bonds. This sug-
gests that such increases in government yields may
often be associated with a reduction in the difference in
risk between investment in government bonds and in
corporate activity.

Panel B shows that utility risk premia are also in-
versely related to the level of interest rates as was
found by Brigham er al. [2|. Unlike the results for
stocks in general, however, changes in the dispersion
of FAF over time are not significantly related to
changes in these utility risk premia. This may be be-

' 'Note that ihese Iwo series reflect both changes in ihc ratings ol corpo-
rate bonds as well as yield spreads for a given bond rating. The two
series proved better in explaining equity risk premia than use of two
comparable series for AA-rateci licbl.

''̂ Ordinary least squares regressions showed severe positive autocorre-
lation in many cases with Durbin Waison Siatistics typically below one.
Rstimation used the Prais-Winstcn method. See Johnston |10|. pp.
321-325,
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Exhibit 7. Changes in Equity Risk Premia Over Time — Entries are Coefficient
(t-value)

Regression

A, SP500:
1.

2.

3.

4.

Regression

B. SPUT:
I.

2.

3.

4.

Intercept

Dependent Variable
0,140

(8, l5)t
0,118

(7,IO)t
0,069

(3,44)t
0,030

(2,17)t

Intercept

Dependent Variable
0,110

(7,35)t
0,101

(6.28)t
0,051

{5,54)t
0,049

(5,I5)t

ia i

is Equity Risk
-0,632

(-4,95)+
-0,660

(-5,93)+
-0.235

(-1.76)
-0.177

(-2.07)+

is Equity Risk
-0,510

(-4.41)+
-0.543

(-4,68)t
-0.259

(-4.05)+
-0,287

(-3.87)+

Premium*

0,754
(3,32)+

0,855
(4,68)t

Premiutn*

0,805
(1,42)

0.387
(0.75)

1,448
14.18)+
1,645

(7,63)+

i,,-i:,,

1.432
(8.87)+
1,391

(8.l4)t

0,43

0,58

0,57

0,79

R-

0.37

0.41

0.80

0,80

*All variables are defined in Exhibit I and graphed in Exhibit 6. Regressions were estiniaied for the .'̂ 6
month period Januar> 1982-December 1984 and were corrected for serial correlation using ihe Prais-
Winstcn method, Kor purptises of this regression variables are expressed in decimal furm. e.g.. 14% =
0,14.
tSignificantly different from zero at (',05 level using iwo-tailed test.

cuuseof lower variability overtime inthe dispersion of
FAF for utility stocks as compared to equities in gener-
al. The yield spread between utility and government
bonds is significantly positively related to utility equity
risk premia. And. as in the case of stocks in general.
introduction of this spread substantially reduces the
independent effect of interest rate levels on equity risk
premia.

Given the short time series (36 months), tests for the
stability of the relationships found in Exhibit 7 present
difficulties. As a check, the relationships were reesti-
mated dividing the data into two 18-month periods.
For stocks in general (SP500). coefficients on a^ and
(î  - i.,|) were positive in all regressions and signifi-
cantly so. except in the case of (î , — i,,,) for the second
18-month period. The coefficient of i-.̂ , was significant-
ly negative in both periods. This confirms the general
findings for the SP5(X) in Panel A of Exhibit 7. For
utility stocks, results for the subperiods also matched
the entire period results. The coefficients of (i,, - i,,,)
were significantly positive in both subperiods while
those of CT, were insignificantly different from zero.
The level of interest rates (i,,,) had a significant nega-

tive effect in both subperiods.
In summary, the estimated risk premia change over

time and the patterns o( such change are directly relat-
ed to changes in proxies for the risks of equity invest-
ments. Risk premia for both stocks in general and
utilities are inversely related to the level of government
interest rates but positively related to the bond yield
spreads which proxy for the incremental risk of invest-
ing in equities rather than government bonds. For
stocks in general, risk premia also increase over time
with increases in the general level of disagreement
about future corporate performance.

VI. Conclusions
Notions of shareholder required rates of return and

risk premia are based in theory on investors' expecta-
tions about the future. Research has demonstrated the
usefulness of financial analysts" forecasts for such ex-
pectations. When such forecasts are used to derive
equity risk premia. the results are quite encouraging.
In addition to meeting the theoretical requirement of
using expectational data, the procedure produces esti-
mates of reasonable magnitude that behave as econom-
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tc theory would predict. Both over time and across
stocks, the risk premia vary directly with the perceived
riskiness o\' equity investment.

Ihe approach otters a straightforward and powerful
aid in establishing required rates of return either for
corporate investment decisions or in the regulatory
arena. Since data are readily available on a wide range
ol equities, an investigator can analyze various proxy
groups {e.ii.. portfolios of utility stocks) appropriate
tor a particular decision. An additional advantage of
the estimated risk premia is that they allow analysis of
changes in equity return requirements over time.
Tracking such changes is important tor managers fac-
ing changing economic climates.
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THE EFFECT OF THE FIRM'S CAPITAL STRUCTURE ON 
THE SYSTEMATIC RISK OF COMMON STOCKS 

ROBERT S. HAMADA* 

I. INTRODUCTION 

ONLY RECENTLY has there been an interest in relating the issues historically 
associated with corporation finance to those historically associated with invest- 
ment and portfolio analyses. In fact, rigorous theoretical attempts in this 
direction were made only since the capital asset pricing model of Sharpe [13], 
Lintner [6], and Mossin [11], itself an extension of the Markowitz [7] 
portfolio theory. This study is one of the first empirical works consciously 
attempting to show and test the relationships between the two fields. In addi- 
tion, differences in the observed systematic or nondiversifiable risk of common 
stocks, P, have never really been analyzed before by investigating some of the 
underlying differences in the firms. 

In the capital asset pricing model, it was demonstrated that the efficient set 
of portfolios to any individual investor will always be some combination of lend- 
ing at the risk-free rate and the "market portfolio," or borrowing at the risk- 
free rate and the "market portfolio." At the same time, the Modigliani and 
Miller (MM) propositions [9, 10] on the effect of corporate leverage are well 
known to the students of corporation finance. In order for their propositions 
to hold, personal leverage is required to be a perfect substitute for corporate 
leverage. If this is true, then corporate borrowing could substitute for personal 
borrowing in the capital asset pricing model as well. 

Both in the pricing model and the MM theory, borrowing, from whatever 
source, while maintaining a fixed amount of equity, increases the risk to the 
investor. Therefore, in the mean-standard deviation version of the capital 
asset pricing model, the covariance of the asset's rate of return with the market 
portfolio's rate of return (which measures the nondiversifiable risk of the 
asset-the proxy P will be used to measure this) should be greater for the stock 
of a firm with a higher debt-equity ratio than for the stock of another firm in 
the same risk-class with a lower debt-equity ratio.1 

This study, then, has a number of purposes. First, we shall attempt to link 
empirically corporation finance issues with portfolio and security analyses 
through the effect of a firm's leverage on the systematic risk of its common 

* Graduate School of Business, University of Chicago, currently visiting at the Graduate School 
of Business Administration, University of Washington. The research assistance of Christine Thomas 
and Leon Tsao is gratefully acknowledged. This paper has benefited from the comments made at the 
Finance Workshop at the University of Chicago, and especially those made by Eugene Fama. Re- 
maining errors are due solely to the author. 

1. This very quick summary of the theoretical relationship between what is known as corporation 
finance and the modern investment and portfolio analyses centered around the capital asset pricing 
model is more thoroughly presented in [5], along with the necessary assumptions required for this 
relationship. 
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stock. Then, we shall attempt to test the MM theory, or at least provide an- 
other piece of evidence on this long-standing controversial issue. This test will 
not rely on an explicit valuation model, such as the MM study of the electric 
utility industry [8] and the Brown study of the railroad industry [2]. A 
procedure using systematic risk measures (I s) has been worked out in this 
paper for this purpose. 

If the MM theory is validated by this procedure, then the final purpose of 
this study is to demonstrate a method for estimating the cost of capital of indi- 
vidual firms to be used by them for scale-changing or nondiversifying invest- 
ment projects. The primary component of any firm's cost of capital is the 
capitalization rate for the firm if the firm had no debt and preferred stock in 
its capital structure. Since most firms do have fixed commitment obligations, 
this capitalization rate (we shall call it E(RA); MM denote it pr) is unobserv- 
able. But if the MM theory and the capital asset pricing model are correct, 
then it is possible to estimate E(RA) from the systematic risk approach for 
individual firms, even if these firms are members of a one-firm risk-class.2 

With this statement of the purposes for this study, we shall, in Section II, 
discuss the alternative general procedures that are possible for estimating the 
effect of leverage on systematic risk and select the most feasible ones. The results 
are presented in Section III. And finally, tests of the MM versus the traditional 
theories of corporation finance are presented in Section IV. 

II. SOME POSSIBLE PROCEDURES AND THE 
SELECTED ESTIMATING RELATIONSHIPS 

There are at least four general procedures that can be used to estimate 
the effect of the firm's capital structure on the systematic risk of common 
stocks. The first is the MM valuation model approach. By estimating pT with 
an explicit valuation model as they have for the electric utility industry, it is 
possible to relate this pT with the use of the capital asset pricing model to a 
nonleveraged systematic risk measure, AP. Then the difference between the 
observed common stock's systematic risk (which we shall denote B() and AP 

would be due solely to leverage. But the difficulties of this approach for all 
firms are many. 

The MM valuation model approach requires the specification, in advance, of 
risk-classes. All firms in a risk-class are then assumed to have the same pT-the 

capitalization rate for an all-common equity firm. Unfortunately, there must 
be enough firms in a risk-class so that a cross-section analysis will yield 
statistically significant coefficients. There may not be many more risk-classes 
(with enough observations) now that the electric utility and railroad industries 
have been studied. In addition, the MM approach requires estimating expected 
asset earnings and estimating the capitalized growth potential implicit in stock 
prices. If it is possible to consider growth and expected earnings without having 

2. It is, in fact, this last purpose of making applicable and practical some of the implications of 
the capital asset pricing model for corporation finance issues that provided the initial motivation for 
this paper. In this context, if one is familiar with the fair rate of return literature for regulated 
utilities, for example, an industry where debt is so prevalent, adjusting correctly for leverage is not 
frequently done and can be very critical. 
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to specify their exact magnitude at a specific point in time, considerable dif- 
ficulty and possible measurement errors will be avoided. 

The second approach is to run a regression between the observed systematic 
risk of a stock and a number of accounting and leverage variables in an attempt 
to explain this observed systematic risk. Unfortunately, without a theory, we 
do not know which variables to include and which variables to exclude and 
whether the relationship is linear, multiplicative, exponential, curvilinear, etc. 
Therefore, this method will also not be used. 

A third approach is to measure the systematic risk before and after a new 
debt issue. The difference can then be attributed to the debt issue directly. An 
attractive feature of this procedure is that a good estimate of the market value 
of the incremental debt issue can be obtained. A number of disadvantages, un- 
fortunately, are associated with this direct approach. The difference in the 
systematic risk may be due not only to the additional debt, but also to the 
reason the debt was issued. It may be used to finance a new investment project, 
in which case the project's characteristics will also be reflected in the new 
systematic risk measure. In addition, the new debt issue may have been 
anticipated by the market if the firm had some long-run target leverage ratio 
which this issue will help maintain; conversely, the market may not fully 
consider the new debt issue if it believes the increase in leverage is only 
temporary. For these reasons, this seemingly attractive procedure will not be 
employed. 

The last approach, which will be used in this study, is to assume the validity 
of the MM theory from the outset. Then the observed rate of return of a stock 
can be adjusted to what it would have been over the same time period had the 
firm no debt and preferred stock in its capital structure. The difference between 
the observed systematic risk, BJ, and the systematic risk for this adjusted rate 
of return time series, AP, can be attributed to leverage, if the MM theory is 
correct. The final step, then, is to test the MM theory. 

To discuss this more specifically, consider the following relationship for the 
dollar return to the common shareholder from period t - 1 to t: 

(X -I)t(1- )t--- Pt+AGt =dt+cgt (1) 

where Xt represents earnings before taxes, interest, and preferred dividends 
and is assumed to be unaffected by fixed commitment obligations; It represents 
interest and other fixed charges paid during the period; X is the corporation 
income tax rate; Pt is the preferred dividends paid; AGt represents the change 
in capitalized growth over the period; and dt and cgt are common shareholder 
dividends and capital gains during the period, respectively. 

Equation (1) relates the corporation finance types of variables with the 
market holding period return important to the investors. The first term on the 
left-hand-side of (1) is profits after taxes and after interest which is the 
earnings the common and preferred shareholders receive on their investment 
for the period. Subtracting out Pt leaves us with the earnings the common 
shareholder would receive from currently-held assets. 

To this must be added any change in capitalized growth since we are trying 
to explain the common shareholder's market holding period dollar return. AGt 
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must be added for growth firms to the current period's profits from existing 
assets since capitalized growth opportunities of the firm-future earnings from 
new assets over and above the firm's cost of capital which are already reflected 
in the stock price at (t - 1)-should change over the period and would accrue 
to the common shareholder. Assuming shareholders at the start of the period 
estimated these growth opportunities on average correctly, the expected value 
of AGt would not be zero, but should be positive. For example, consider growth 
opportunities five years from now which yield more than the going rate of 
return and are reflected in today's stock price. These growth opportunities will 
become one year closer to fruition at time t than at time t - 1 so that their 
present value would become larger. AGt then represents this increase in the 
present value of these future opportunities simply because it is now four years 
away rather than five.3 

Since the systematic risk of a common stock is: 

BP=coy (RBt, Rmt) (2) 
02(Rmt) 

where RBt is the common shareholder's rate of return and RMt is the rate of 
return on the market portfolio, then substitution of (1) into (2) yields: 

coy (X- I) ( 1- -)t-pt +A/Gt Rm] 

Bf3= 
SBt_1 (2a) 

G2(Rmt) 

where SB,1 denotes the market value of the common stock at the beginning 
of the period. 

The systematic risk for the same firm over the same period if there were no 
debt and preferred stock in its capital structure is: 

cov(RAt, RMt) 

a2(R= 
- 

02(RMt) 

co X(1 - t)t + AGt Rm 

Sbt__ (3) 
102 (Rmt) 

where RAt and SAtl represent the rate of return and the market value, respec- 
tively, to the common shareholder if the firm had no debt and preferred stock. 
From (3), we can obtain: 

APS~t- =coy [X ( -T)t + AGt, Rmt] (3a) 
Af3S~~~t~~l 02 (R~kt) 

3. Continual awareness of the difficulties of estimating capitalized growth, or changes in growth, 
especially in conjunction with leverage considerations, for purposes such as valuation or cost of 
capital is a characteristic common to students of corporation finance. This is the reason for the 
emphasis on growth in this paper and for presenting a method to neutralize for differences in growth 
when comparing rates of return. 
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Next, by expanding and rearranging (2a), we have: 
cov [X(1 - -r)t + AGt, Rmt] cov [I(1 - -r)t, RMt] cov (Pt, Rmt) 

-2(RMt) 02(Rmt) 02(Rmt) 
(2b) 

If we assume as an empirical approximation that interest and preferred 
dividends have negligible covariance with the market, at least relative to the 
(pure equity) common stock's covariance, then substitution of the LHS of 
(3a) into the RHS of (2b) yields:4 

BPSBt_ 1 = APSAt-1 (4) 
or 

AP 
S3 

B (4a) 
(SA )t-1 (a 

Because SAtI, the market value of common stock if the firm had no debt 
and preferred stock, is not observable since most firms do have debt and/or 
preferred stock, a theory is required in order to measure what this quantity 
would have been at t - 1. The MM theory [10] will be employed for this 
purpose, that is: 

SAt-l= (V- tD)t1,. (5) 

Equation (5) indicates that if the Federal government tax subsidy for debt 
financing, -rD, where D is the market value of debt, is subtracted from the 
observed market value of the firm, Vtj (where Vt-, is the sum of SB, D and 
the observed market value of preferred), then the market value of an un- 
leveraged firm is obtained. Underlying (5) is the assumption that the firm is 
near its target leverage ratio so that no more or no less debt subsidy is capital- 
ized already into the observed stock price. The conditions under which this 
MM relationship hold are discussed carefully in [4]. 

It is at this point that problems in obtaining satisfactory estimates of A, 
develop, since (4) theoretically holds only for the next period. As a practical 
matter, the accepted, and seemingly acceptable, method of obtaining estimates 
of a stock's systematic risk, Bi, is to run a least squares regression between a 
stock's and market portfolio's historical rates of return. Using past data for BP 
it is not clear which period's ratio of market values to apply in (4a) to estimate 
the firm's systematic risk, AI3. There would be no problem if the market value 
ratios of debt to equity and preferred stock to equity remained relatively stable 
over the past for each firm, but a cursory look at these data reveals that this is 
not true for the large majority of firms in our sample. Should we use the market 
value ratio required in (4a) that was observed at the start of our regression 
period, at the end of our regression period, or some kind of average over the 
period? In addition, since these different observed ratios will give us different 
estimates for A13, it is not clear, without some criterion, how we should select 
from among the various estimates. 

4. This general method of arriving at (4) was suggested by the comments of William Sharpe, one 
of the discussants of this paper at the annual meeting. A much more cumbersome and less general 
derivation of (4) was in the earlier version. 
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It is for this purpose- to obtain a standard-that a more cumbersome and 
more data demanding approach to obtain estimates of AP is suggested. Given the 
large fluctuations in market leverage ratios, intuitively it would appear that the 
firm's risk is more stable than the common stock's risk. In that event, a 
leverage-free rate of return time series for each firm should be derived and the 
market model applied to this time series directly. In this manner, the beta 
coefficient would give us a direct estimate of AP which can then be used as a 
criterion to determine if any of the market value ratios discussed above can be 
applied to (4a) successfully. 

For this purpose, the "would-have-been" rate of return for the common 
stock if the firm had no debt and preferred is: 

RAt = Xt(1-t) t + AGt (6) 

SAt..1 

The numerator of (6) can be rearranged to be: 

Xt(l - T)t +AGt-[(X - I)t(l - t)t -pt +AGt] + Pt + ItOl - -r)t. 

Substituting (1): 
Xt(1 -)t+AGt= [dt+cgt] +pt+It(1-t)t. 

Therefore, (6) can be written as: 

RAt dt+cgt+pt+It(- -r)t (7) 
SAt-1 

Since SAI_ is unobservable for the firms with leverage, the MM theory, 
equation (5), will be employed; then: 

dt + cgt + Pt + It(1-t)t (8) 

The observed rate of return on the common stock is, of course: 

R (X -I)t(l - -r)t -pt + AGt dt + cgt 
RBt= (9) 

SBti1 SBt-1 

Equation (8) is the rate of return to the common shareholder of the same 
firm and over the same period of time as (9). However, in (8) there are the 
underlying assumptions that the firm never had any debt and preferred stock 
and that the MM theory is correct; (9) incorporates the exact amount of debt 
and preferred stock that the firm actually did have over this time period and 
no leverage assumption is being made. Both (8) and (9) are now in forms 
where they can be measured with available data. One can note that it is un- 
necessary to estimate the change in growth, or earnings from current assets, 
since these should be captured in the market holding period return, dt + cgt. 

Using CRSP data for (9) and both CRSP and Compustat data for the com- 
ponents of (8), a time series of yearly RAt and RBt for t = 1948-1967 were 
derived for 304 different firms. These 304 firms represent an exhaustive sample 
of the firms with complete data on both tapes for all the years. 
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A number of "market model" [1, 12] variants were then applied to these 
data. For each of the 304 firms, the following regressions were run: 

RAit = A~a + Afdi RMt + A'it (i0a) 

RBIt Bai + BPI RMt + -Bit (lOb) 

ln( 1 + RAIt) = ACai + AcPi ln (1 + RMt) + ACEit (lOc) 

hI(1 + RBit) = BCal +BCPi ln(1 + RMt) + Befit (lOd) 

it 1, 2, ..., 304 
t= 1948-1967 

where RMt is the observed NYSE arithmetic stock market rate of return with 
dividends reinvested, a1 and pi are constants for each firm-regression, and the 
usual conditions are assumed for the properties of the disturbance terms, eit. 
Equations (lOc) and (lOd) are the continuously-compounded rate of return 
versions of (10a) and (lob), respectively.5 

III. THE RESULTS 

An abbreviated table of the regression results for each of the four variants, 
equations (lOa)-((lOd),--summarized across -the-304-firms is shown in Table 1. 

The first column designated "mean" is the average of the statistic (indicated 
by the rows) over all 304 firms. Therefore, the mean Aa of 0.0221 is the inter- 
cept term of equation (10a) averaged over 304 different firm-regressions. The 
second and third columns give the deviation measures indicated, of the 304 
point estimates of, say, Aa. The mean standard error of estimate in the last 
column is the average over 304 firms of the individual standard errors of 
estimate. 

The major conclusion drawn from Table 1 is the following mean P com- 
parisons: 

3A 
A 

P > AP, i.e., 0.9190 > 0.7030 
A A 

31C P > ACfP, i.e.,0.9183 > 0.7263. 

The directional results of these betas, assuming the validity of the MM 
theory, are not imperceptible and clearly are not negligible differences from the 
investor's point of view. This is obtained in spite of all the measurement and 
data problems associated with estimating a time series of the RHS of (8) for 

5. Because the RMt used in equations (10) is defined as the observed stock market return, and 
since adjusting for capital structure is the major purpose of this exercise, it was decided that the 
same four regressions should be replicated on a leverage-adjusted stock market rate of return. The 
major reason for this additional adjustment is the belief that the rates of return over time and their 
relationship with the market are more stable when we can abstract from all changes in leverage and 
get at the underlying risk of all firms. 

For the 221 firms (out of the total 304) whose fiscal years coincide with the calendar year, aver- 
age values for the components of the RHS of (8) were obtained for each year so that RMt could be 
adjusted in the same way as for the individual firms-a yearly time series of stock market rates of 
return, if all the firms on the NYSE had no debt and no preferred in their capital structure, was 
derived. The results, when using this adjusted market portfolio rate of return time series, were not 
very different from the results of equations (10), and so will not be reported here separately. 
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TABLE 1 
SUMMARY RESULTS OVER 304 FIRMS OF EQUATIONS (10a)-(lOd) 

Mean Standard 
Mean Absolute Standard Error of 

Mean Deviation* Deviation Estimate 

Aa 0.0221 0.0431 0.0537 0.0558 
At 0.7030 0.2660 0.3485 0.2130 
AR2 0.3799 0.1577 0.1896 
Ap 0.0314 
B6 0.0187 0.0571 0.0714 0.0720 
BP 0.9190 0.3550 0.4478 0.2746 
BR2 0.3864 0.1578 0.1905 
HPA 0.0281 

ACU 0.0058 0.042 7 0.0535 0.0461 
ACT 0.7263 0.2700 0.3442 0.2081 
ACR2 0.3933 0.1586 0.1909 
ACp 0.0268 

BC& -0.0052 0.0580 0.0729 0.0574 
BCR 0.9183 0.3426 0.4216 0.2591 
B3R2 0.4012 0.1602 0.1922 
BCp 0.0262 

N 

LIxi-X1 
* Defined as: where N 304. first order serial correlation coefficient. 

N , w 

each firm. One of the reasons for the "traditional" theory position on leverage 
is precisely this point-that small and reasonable amounts of leverage cannot 
be discerned by the market. In fact, if the MM theory is correct, leverage has 
explained as much as, roughly, 21 to 24 per cent of- the value of the mean P. 

We can also note that if the covariance between the asset and market rates of 
return, as well as the market variance, was constant over time, then the system- 
atic risk from the market model is related to the expected rate of return by 
the capital asset pricing model. That is: 

E(RAt) = Rpt + 4P [E(Rmt) - Rpt] (Ila) 

E(RBt) = Rpt + BP [E(Rmt) - Rpt] (Ilb) 

Equation (lla) indicates the relationship between the expected rate of return 
for the common stock shareholder of a debt-free and preferred-free firm, to 
the systematic risk, AP, as obtained in regressions (lOa) or (10c). The LHS of 
(1la) is the important pt for the MM cost of capital. The MM theory [9, 10] 
also predicts that shareholder expected yield must be higher (for the same real 
firm) when the firm has debt than when it does not. Financial risk is greater, 
therefore, shareholders require more expected return. Thus, E(RBt) must be 
greater than E(RAt). In order for this MM prediction to be true, from (1la) 
and (1 ib) it can be observed that BP must be greater than AP, which is what we 
obtained. 

Using the results underlying Table 1, namely the firm and stock betas, as the 
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criterion for selecting among the possible observed market value ratios that can 
be used, if any, for (4), the following cross-section regressions were run: 

(BP) = a, + bi( SA AP) + U1 i 1 2,..., 102 (12a) 

(BcI))i=a2+b2k SAAJ +U2i S1B- ,... ,102 (12b) 
SB i 

(AP) i = a.3 + b.3 (S BPi + U31 i 1, 2,. . ., 102 (13a) 

( Ac~i as+ b4 (S Ba ) + U41 1, 2,. . ., 102 ( 13b) (ACP) = 
a4SA 

B 

Because the preferred stock market values were not as reliable as debt, only 
the 102 firms (out of 304) that did not have preferred in any of the years were 
used. The test for the adequacy of this alternative approach, equation (4), to 
adjust the systematic risk of common stocks for the underlying firm's capital 
structure, is whether the intercept term, a, is equal to zero, and the slope co- 
efficient, b, is equal to one in the above regressions (as well as, of course, a high 
R2)-these requirements are implied by (4). The results of this test would 
also indicate whether future "market model" studies that only use common 
stock rates of return without adjusting, or even noting, for the firm's debt- 
equity ratio will be adequate. The total firm's systematic risk may be stable 
(as long as the firm stays in the same risk-class), whereas the common stock's 
systematic risk may not be stable merely because of unanticipated capital 
structure changes-the data underlying Table 3 indicate that there were very 
few firms which did not have major changes in their capital structure over the 
twenty years studied. 

The results of these regressions, when using the average SA and average SB 
over the twenty years for each firm, are shown in the first column panel of 
Table 2. These regressions were then replicated twice, first using the December 
31, 1947 values of SAI and SB, instead of the twenty-year average for each firm, 
and then substituting the December 31, 1966 values of SA and SB, for the 1947 
values. These results are in the second and third panels of Table 2L. 

From the first panel of Table 2, it appears that this alternative approach 
via (4a) for adjusting the systematic risk for the firm's leverage is quite 

6. The point should be made that we are not merely regressing a variable on itself in (12) and 
(13). (12a) and (12b) can be interpreted as correlating the Bai obtained from (lOb) and (lOd)-the 
LHS variable in (12a) and (12b)-against the BPi obtained from rearranging (4)-the RHS variable 
in (12a) and (12b)-to determine whether the use of (4) is as good a means of obtaining Bpi as 
the direct way via the equations (10). We would be regressing a variable on itself only if the ANi 
were calculated using (4a), and then the Afi thus obtained, inserted into (12a) and (12b). 

Instead, we are obtaining Afi using the MM model in each of the twenty years so that a leverage- 
adjusted 20 year time series of RA, is derived. Of course, if there were no data nor measurement 
problems, and if the debt-to-equity ratio were perfectly stable over this twenty year period for each 
firm, then we should obtain perfect correlation in (12a) and (12b), with a = 0 and b = 1, as (4) 
would be an identity. 
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TABLE 
2 

RESULTS 

FOR 

THE 

EQUATIONS 

(12a), 

(12b), 

(13a), 

AND 

(13b)* 

Using 

20-Year 

Average 
for 

SIB 

Using 

1947 

Value 
for 

(S- 
) 

Using 

1966 

Value 
for 

S 

) 

a 

b 

R2 

a 

b 

R2 

a 

b 

R2 

Eq. 

(12a) 

-0.022 

1.062 

0.962 

0.150 

0.842 

0.781 

0.085 

0.905 

0.849 

(0.021) 

(0.021) 

(0.048) 

(0.045) 

(0.041) 

(0.038) 

constant 

1.042 

0.962 

constant 

0.966 

0.781 

constant 

0.976 

0.849 

suppressed 

(0.009) 

suppressed 

(0.021) 

suppressed 

(0.017) 

Eq. 

(12b) 

-0.003 

1.016 

0.984 

0.159 

0.816 

0.773 

0.124 

0.843 

0.859 

(0.013) 

(0.013) 

(0.047) 

(0.044) 

(0.037) 

(0.034) 

constant 

1.014 

0.984 

constant 

0.952 

0.773 

constant 

0.947 

0.859 

suppressed 

(0.005) 

suppressed 

(0.019) 

suppressed 

(0.015) 

Using 

20-Year 

Average 

for 

S} 

Using 

1947 

Value 

for 

) 

Using 

1966 

Value 

for 

y 
)} 

a 

b 

R2 

a 

b 

R2 

a 

b 

2 

Eq. 

(13a) 

0.030 

0.931 

0.969 

0.112 

0.843 

0.888 

0.080 

0.898 

0.902 

(0.016) 

(0.017) 

(0.028) 

(0.030) 

(0.027) 

(0.030) 

constant 

0.960 

0.969 

constant 

0.948 

0.888 

constant 

0.976 

0.902 

suppressed 

(0.007) 

suppressed 

(0.015) 

suppressed 

(0.014) 

Eq. 

(13b) 

0.007 

0.979 

0.988 

0.119 

0.852 

0.902 

0.063 

0.942 

0.911 

(0.010) 

(0.011) 

(0.026) 

(0.028) 

(0.026) 

(0.029) 

constant 

1.004 

0.911 

constant 

0.967 

0.902 

constant 

1.005 

0.911 

suppressed 

(0.012) 

suppressed 

(0.013) 

suppressed 

(0.012) 

* 

Standard 

error 
in 

parentheses. 
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satisfactory (at least with respect to our sample of firms and years) only if 
long-run averages of SA and SB are used. The second and third panels indicate 
that the equations (8) and (10) procedure is markedly superior when only 
one year's market value ratio is used as the adjustment factor. The annual 
debt-to-equity ratio is much too unstable for this latter procedure. 

Thus, when forecasting systematic risk is the primary objective-for example, 
for portfolio decisions or for estimating the firm's cost of capital to apply to 
prospective projects-a long-run forecasted leverage adjustment is required. 
Assuming the firm's risk is more stable than the common stock's risk, and 
if there is some reason to believe that a better forecast of the firm's future 
leverage can be obtained than using simply a past year's (or an average of 
past years') leverage, it should be possible to improve the usual extrapolation 
forecast of a stock's systematic risk by forecasting the total firm's systematic 
risk first, and then using the independent leverage estimate as an adjustment. 

IV. TESTS OF THE MM VS. TRADITIONAL THEORIES OF CORPORATION FINANCE 

To determine if the difference, BP - AP, found in this study is indeed the 
correct effect of leverage, some confirmation of the MM theory (since it was 
assumed to be correct up to this point) from the systematic risk approach is 
needed. Since a direct test by this approach seems impossible, an indirect, 
inferential test is suggested. 

The MM theory [9, 10] predicts that for firms in the same risk-class, 
the capitalization rate if all the firms were financed with only common equity, 
E(RA), would be the same-regardless of the actual amount of debt and 
preferred each individual firm had. This would imply, from (1 la), that if 
E(RA) must be the same for all firms in a risk-class, so must A3. And if these 
firms had different ratios of fixed commitment obligations to common equity, 
this difference in financial risk would cause their observed Bps to be different. 

The major competing theory of corporation finance is what is now known 
as the "traditional theory," which has contrary implications. This theory 
predicts that the capitalization rate for common equity, E(RB), (sometimes 
called the required or expected stock yield, or expected earnings-price ratio) 
is constant, as debt is increased, up to some critical leverage point (this point 
being a function of gambler's ruin and bankruptcy costs).8 The clear implica- 
tion of this constant, horizontal, equity yield (or their initial downward 
sloping cost of capital curve) is that changes in market or covariability risk 
are assumed not to be discernible to the shareholders as debt is increased. 
Then the traditional theory is saying that the B[S, a measure of this covari- 
ability risk, would be the same for all firms in a given risk-class irregardless 
of differences in leverage, as long as the critical leverage point is not reached. 

Since there will always be unavoidable errors in estimating the [P's of indi- 

7. A faint, but possible, empirical indication of this point may be obtained from Table 1. The 
ratio of the mean point estimate to the mean standard error of estimate is less for the firm (3 than 
for the stock (3 in both the discrete and continuously compounded cases. 

8. This interpretation of the traditional theory can be found in [9, especially their figure 2, page 
275, and their equation (13) and footnote 24 where reference is made to Durand and Graham and 
Dodd]. 
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TABLE 
3 

INDUSTRY 

MARKET 

VALUE 

RATIOS 

OF 

PREFERRED 

STOCK 

(P) 

AND 

DEBT 

(D) 

TO 

COMMON 

STOCK 

(S) 

Industry 

Number 

P+D 

Number 

Industry 

of 

Firms 

P/S 

D/S 

S 

20 

Food 

and 

Kindred 

30 

Mean* 

0.22 

0.81 

1.04 

Products 

ROM** 

0.00 

1.18 

0.00 

3.55 

0.00 

4.13 

ROCR*** 

0.00 

2.52 

0.00 

8.10 

0.00 

10.01 

28 

Chemicals 

and 

Allied 

30 

Mean 

0.07 

0.25 

0.33 

Products 

ROM 

0.00 

0.51 

0.00 

0.90 

0.00 

1.20 

ROCR 

0.00 

1.54 

0.00 

2.07 

0.00 

2.92 

29 

Petroleum 

and 

Coal 

18 

Mean 

0.06 

0.22 

0.27 

Products 

ROM 

0.00 

0.26 

0.00 

0.55 

0.03 

0.57 

ROCR 

0.00 

0.83 

0.00 

1.54 

0.00 

2.30 

33 

Primary 

Metals 

21 

Mean 

0.14 

0.54 

0.68 

ROM 

0.00 

1.31 

0.00 

1.95 

0.00 

3.04 

ROCR 

0.00 

4.69 

0.00 

6.20 

0.00 

7.49 

35 

Machinery, 

except 

28 

Mean 

0.07 

0.33 

0.40 

Electrical 

ROM 

0.00 

0.49 

0.00 

1.92 

0.00 

2.32 

ROCR 

0.00 

1.28 

0.00 

6.92 

0.00 

7.62 
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TABLE 
3 

(Continued) 

Industry 

Number 

P+D 

Number 

Industry 

of 

Firms 

P/S 

D/S 

S 

36 

Electrical 

Machinery 
& 

13 

Mean 

0.06 

0.35 

0.41 

Equipment 

ROM 

0.00 

0.29 

0.00 

1.31 

0.01 

1.33 

ROCR 

0.00 

1.13 

0.00. 

2.53 

0.00 

2.53 

37 

Transportation 

Equip- 

24 

Mean 

0.08 

0.38 

0.47 

ment 

ROM 

0.00 

0.54 

0.00 

0.93 

0.00 

1.32 

ROCR 

0.00 

2.33 

0.00 

3.76 

0.00 

6.09 

49 

Utilities 

27 

Mean 

0.25 

1.03 

1.28 

ROM 

0.00 

0.53 

0.49 

2.64 

0.52 

3.12 

ROCR 

0.00 

3.12 

0.12 

16.40 

0.12 

19.52 

53 

Dep't 

Stores, 

Order 

17 

Mean 

0.13 

0.49 

0.62 

Houses 
& 

Vending 

ROM 

0.00 

0.38 

0.01 

1.52 

0.01 

1.87 

Mach. 

Operators 

ROCR 

0.00 

1.09 

0.00 

3.19 

0.00 

3.66 

* 

"Mean" 

refers 
to 

the 

average 

ratio 

over 
20 

years 

and 

over 
all 

firms 
in 

the 

industry. 

** 

"Range 
of 

Means" 

(ROM) 

refers 
to 

the 

lowest 

firm's 

mean 

(over 
20 

years) 

ratio 

and 

the 

highest 

firm's 

mean 

(over 
20 

years) 

ratio 
in 

the 

industry. 

*** 

"Range 
of 

Company 

Ranges" 

(ROCR) 

refers 
to 

the 

lowest 

and 

highest 

ratio 
in 

the 

industry, 

regardless 
of 

the 

year. 
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vidual firms and in specifying a risk-class, we would not expect to find a set 
of firms with identical systematic risk. But by specifying reasonable a priori 
risk-classes, if the individual firms had closer or less scattered Ajs than Bfs, 
then this would support the MM theory and contradict the traditional theory. 
If, instead, the BPS were not discernibly more diverse than the APs, and the 
leverage ratio differed considerably among firms, then this would indicate 
support for the traditional theory.9 

In order to test this implication, risk-classes must be first specified. The 
SEC two-digit industry classification was used for this purpose. Requiring 
enough firms for statistical reasons in any given industry, nine risk-classes 
were specified that had at least 13 firms; these nine classes are listed in Table 
3 with their various leverage ratios.10 It is clear from this table that our first 
requirement is met-that there is a considerable range of leverage ratios 
among firms in a risk-class and also over the twenty-year period. 

Three tests will be performed to distinguish between the MM and traditional 
theories. The first is simply to calculate the standard deviation of the un- 
biased P estimates in a risk-class. The second is a chi-square test of the dis- 
tribution of P's in an industry compared to the distribution of the P3's in the 
total sample. Finally, an analysis of variance test on the estimated variance 
of the P's between industries, as opposed to within industries, is performed. 
In all tests, only the point estimate of P (which should be unbiased) for each 
stock and firm is used.11 

The first test is reported in Table 4. If we compare the standard deviation 
of ACa with the standard deviation of Bacl by industries (or risk-classes), we 
can note that 6(AC^) is less than o(BcP) for eight out of the nine classes. The 
probability of obtaining this is only 0.0195, given a 50% probability that 
O(ACP) can be larger or smaller than a(BC,). These results indicate that the 
systematic risk of the firms in a given risk-class, if they were all financed 
only with common equity, is much less diverse than their observed stock's 
systematic risk. This supports the MM theory, at least in contrast to the 
traditional theory."2 

9. The traditional theory also implies that E(RA) is equal to E(RB) for all firms. Unfortunately, 
we do not have a functional relationship between these traditional theory capitalization rates and the 
measured P3s of this study. Clearly, since the AdS were obtained assuming the validity of the MM 
theory, they would not be applicable for the traditional theory. In fact, no relationship between 
the AO and BP3 for a given firm, or for firms in a given risk-class, can be specified as was done for the 
capitalization rates. 

10. The tenth largest industry had only eight firms. For our purpose of testing the uniformity of 
firm Ps relative to stock (3s within a risk-class, the use of the two-digit industry classification as a 
proxy does not seem as critical as, for instance, its use for the purpose of performing an MM valua- 
tion model study [8J wherein the pT must be pre-specified to be exactly the same for all firms in the 
industry. 

11. Since these fPs are estimated in the market model regressions with error, precise testing should 
incorporate the errors in the (3 estimation. Unfortunately, to do this is extremely difficult and more 
importantly, requires the normality assumption for the market model disturbance term. Since there 
is considerable evidence that is contrary to this required assumption [see 3J, our tests will ignore the 
(3 measurement error entirely. But ignoring this is partially corrected in our first and third tests since 
means and variances of these point estimate P3s must be calculated, and this procedure will "average 
out" the individual measurement errors by the factor 1/N. 

12. Of course, there could always be another theory, as yet not formulated, which could be even 
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Capital Structure and Systematic Risk 449 

TABLE 4 
MEAN AND STANDARD DEVIATION OF INDUSTRY IT'S 

Industry Number 
Number Industry of Firms AP BP AC3 BCD 

20 Food & Kindred 30 Mean ,3 0.515 0.815 0.528 0.806 
Products o(0) 0.232 0.448 0.227 0.424 

28 Chemicals & 30 Mean ,3 0.747 0.928 0.785 0.946 
Allied o(0) 0.237 0.391 0.216 0.329 
Products 

29 Petroleum & 18 Mean f3 0.633 0.747 0.656 0.756 
Coal Products o((3) 0.144 0.188 0.148 0.176 

33 Primary Metals 21 Mean P 1.036 1.399 1.106 1.436 
o(P) 0.223 0.272 0.197 0.268 

35 Machinery, 28 Mean P 0.878 1.037 0.917 1.068 
except a(P) 0.262 0.240 0.271 0.259 

Electrical 

36 Electrical 13 Mean 3 0.940 1.234 0.951 1.164 
Machinery o(1) 0.320 0.505 0.283 0.363 
and Equipment 

37 Transportation 24 Mean ,3 0.860 1.062 0.875 1.048 
Equipment o(1) 0.225 0.313 0.225 0.289 

49 Utilities 27 Mean P 0.160 0.255 0.166 0.254 
o(P) 0.086 0.133 0.098 0.147 

53 Department 17 Mean 0.652 0.901 0.692 0.923 
Stores, etc. o(f3) 0.187 0.282 0.198 0.279 

Our second test, the chi-square test, requires us to rank our 300 APs into 
ten equal categories, each with 30 APS (four miscellaneous firms were taken 
out randomly). By noting the value of the highest and lowest AP for each of 
the ten categories, a distribution of the number of APS in each category, by 
risk-class, can be obtained. This was then repeated for the other three betas. 
To test whether the distribution for each of the four P's and for each of the 
risk-classes follows the expected uniform distribution, a chi-square test was 
performed.13 

Even with just casual inspection of these distributions of the betas by 
risk-class, it is clear that two industries, primary metals and utilities, are so 
highly skewed that they greatly exaggerate our results.'4 Eliminating these 

more strongly supported than the MM theory. If we compare o(AP) to (BJ) by risk-classes in 
Table 4, precisely the same results are obtained as those reported above for the continuously-com- 
pounded betas. 

13. By risk-classes, seven of the nine chi-square values of AP are larger than those of BP, as are 
eight out of nine for the continuously-compounded betas. This would occur by chance with prob- 
abilities of 0.0898 and 0.0195, respectively, if there were a 50% chance that either the firm or stock 
chi-square value could be larger. Nevertheless, if we inspect the individual chi-square values by risk- 
class, we note that most of them are large so that the probabilities of obtaining these values are 
highly unlikely. For all four Ps, the distributions for most of the risk-classes are nonuniform. 

14. Primary metals have extremely large betas; utilities have extremely small betas. 
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450 The Journal of Finance 

two industries, and also two miscellaneous firms so that an even 250 firms are 
in the sample, new upper and lower values of the P3's were obtained for each 
of the ten class intervals and for each of the four (3's. 

In Table 5, the chi-square values are presented; for the total of all risk- 
classes, the probability of obtaining a chi-square value less than 120.63 is 
over 99.95%o (for AP), whereas the probability of obtaining a chi-square value 
less than 99.75 is between 99.5%o and 99.9%o (for Be). More sharply contrast- 
ing results are obtained when AOP is compared to Bc. For AC, the probability 
of obtaining less than 128.47 is over 99.95%o, whereas for BCal the probability 
of obtaining less than 78.65 is only 90.0%o. By abstracting from financial 
risk, the underlying systematic risk is much less scattered when grouped into 
risk-classes than when leverage is assumed not to affect the systematic risk. 
The null hypothesis that the Ii's in a risk-class come from the same distribution 
as all ,1's is rejected for ACIS but not for Bed (at the 90% level). Although this, 
in itself, does not tell us how a risk-class differs from the total market, an 
inspection of the distributions of the betas by risk-class underlying Table 5 
does indicate more clustering of the AC1S than the BCPS so that the MM theory 
is again favored over the traditional theory. 

The analysis of variance test is our last comparison of the implications of 
the two theories. The ratio of the estimated variance between industries to the 
estimated variance within the industries (the F-statistic) when the seven 

TABLE 5 
CHI-SQUARE RESULTS FOR ALL (i's AND ALL INDUSTRIES 

(EXCEPT UTILITIES AND PRIMARY METALS) 

Industry ADi BP AC3 BC 

Food and Chi-Square 18.67 11.33 26.00 9.33 
Kindred P {X2 < }* = 95-97.5% 70-75% 99.5-99.9% 50-60% 

Chemicals Chi-Square 9.33 10.67 12.00 7.33 
P {X2 < } = 50-60% 60-70% 75-80% 30-40% 

Petroleum Chi-Square 17.56 25.33 18.67 22.00 
P {X2 < } = 95-97.5% 99.5-99.9% 95-97.5% 99-99.5% 

Machinery Chi-Square 19.14 12.00 24.86 9.14 
p{x2 < }- 97.5-98% 75-80% 99.5-99.9% 50-60% 

Electrical Chi-Square 13.92 7.77 12.38 9.31 
Machinery P {x2 < } = 80-90% 40-50% 80-90% 50-60% 

Transportation Chi-Square 15.17 16.83 13.50 6.83 
Equipment P{X2 < } = 90-95% 90-95% 80-90% 30-40% 

Dep't Stores Chi-Square 14.18 3.59 14.18 3.59 
P {X2 < } = 80-90% 5-10% 80-90% 5-10% 

Miscellaneous Chi-Square 12.67 12.22 6.89 11.11 
P {%2 < } = 80-90% 80-90% 30-40% 70-75% 

Total Chi-Square 120.63 99.75 128.47 78.65 
P {X2 < } = over 99.95% 99.5-99.90% over 99.95% 90.0% 

* Example: P{X2 < 18.67) = 95-97.5% for 9 degrees of freedom. 
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Capital Structure and Systematic Risk 451 

industries are considered (again, the two obviously skewed industries, primary 
metals and utilities, were eliminated) is less for BP (F = 3.90) than for AP 
(F = 9.99), and less for BCP (F = 4.18) than for AcP (F = 10.83). The 
probability of obtaining these F-statistics for AP and ACP is less than 0.001, but 
for BP and BCP greater than or equal to 0.001. These results are consistent with 
the results obtained from our two previous tests. The MM theory is more 
compatible with the data than the traditional theory.'5 

V. CONCLUSIONS 

This study attempted to tie together some of the notions associated with 
the field of corporation finance with those associated with security and portfolio 
analyses. Specifically, if the MM corporate tax leverage propositions are 
correct, then approximately 21 to 24%o of the observed systematic risk of 
common stocks (when averaged over 304 firms) can be explained merely by 
the added financial risk taken on by the underlying firm with its use of debt 
and preferred stock. Corporate leverage does count considerably. 

To determine whether the MM theory is correct, a number of tests on a 
contrasting implication of the MM and "traditional" theories of corporation 
finance were performed. The data confirmed MM's position, at least vis-A-vis 
our interpretation of the traditional theory's position. This should provide 
another piece of evidence on this controversial topic. 

Finally, if the MM theory and the capital asset pricing model are correct, 
and if the adjustments made in equations (8) or (4a) result in accurate 
measures of the systematic risk of a leverage-free firm, the possibility is 
greater, without resorting to a fullblown risk-class study of the type MM did 
for the electric utility industry [8], of estimating the cost of capital for indi- 
vidual firms. 
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KY PSC Case No. 2021-00183 
Response to the Attorney General’s Data Request Set One No. 41 

 Respondent:  John Spanos 
 

COLUMBIA GAS OF KENTUCKY, INC. 
RESPONSE TO ATTORNEY GENERAL’S FIRST REQUEST FOR INFORMATION 

DATED JULY 7, 2021 
 

41. Refer to the Direct Testimony of John Spanos (“Spanos Testimony”), pages 6 and 

12.  

a. Explain in full detail whether the proposed depreciation rates are based on the 

Equal Life Group (“ELG”) procedure or the Average Life Group (“ALG”) procedure.  

b. Identify whether Columbia Kentucky has used the ELG or ALG procedure to 

calculate the depreciation rates for the years 2000 – present date.  

c. In the May 7, 2019 final Order in Case No. 2018-00281, the Commission stated that 

the “ELG procedure does not accurately match revenues and expenses, is front-loaded, 

and should not be allowed for ratemaking purposes.” The Commission found that the 

proposed ELG procedure did not produce, fair, just, and reasonable rates, and that the 

depreciation rates should reflect the ALG procedure.  Explain how Columbia Kentucky’s 

proposed depreciation rates based upon the ELG procedure complies with recent 

Commission precedent.  

 



 

d. If Columbia Kentucky’s proposed depreciation rates are based on the ELG 

procedure, provide proposed depreciation rates based on the ALG procedure pursuant 

to the Commission’s final Order in Case No. 2018-00281.  

e. Provide the updated revenue request that includes depreciation rates based on the 

ALG procedure. 

Response:  

a. The proposed depreciation rates as presented in the Depreciation Study are 

based on the Average Life Group(“ALG”) procedure.  Throughout the Depreciation 

Study and Spanos testimony the depreciation procedure is referenced as Average 

Service Life (“ASL”) which is synonymous to ALG.  There is a reference on page 6, line 

12 in Spanos Direct Testimony of the Equal Life Group procedure which will be 

corrected. 

b. All vintages in the depreciation study are calculated using the ALG procedure. 

c. Although the ELG procedure is straight line depreciation and the most accurate 

method for determining depreciation rates, all depreciation rates in the Depreciation 

Study utilize the ALG procedure.  The study follows the preference of the Commission 

and complies with the Commission practices, per the Order in Case No. 2018-00281. 



d. The Depreciation Study proposed by Columbia Gas of Kentucky in this case 

utilize the ALG procedure. 

e.  Please refer to the response to sub-part d. above. 
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Response to the Attorney General’s Data Request Set One No. 42 

 Respondent:  John Spanos 
 

COLUMBIA GAS OF KENTUCKY, INC. 
RESPONSE TO ATTORNEY GENERAL’S FIRST REQUEST FOR INFORMATION 

DATED JULY 7, 2021 
 

42. Refer to the Spanos Testimony, page 14.  

a. Explain whether Columbia Kentucky has included amortization accounting in 

prior depreciation studies and rates. If not, explain why Columbia Kentucky is requesting 

amortization accounting to be included in the depreciation study and rates in the pending 

case. 

Response:  

a. Columbia Gas of Kentucky has included amortization accounting in prior 

depreciation studies and rates as this is the most appropriate methodology for these 

types of assets.  The discussion of amortization accounting is set forth in Part V of the 

Depreciation Study and within the Direct Testimony of John J. Spanos.  There are 

continual accounting practices for amortization of general plant that have occurred 

which are reflected with the alignment of the accumulated depreciation (book reserve). 

 



KY PSC Case No. 2021-00183 
Response to the Attorney General’s Data Request Set One No. 43 

 Respondent:  John Spanos 
 

COLUMBIA GAS OF KENTUCKY, INC. 
RESPONSE TO ATTORNEY GENERAL’S FIRST REQUEST FOR INFORMATION 

DATED JULY 7, 2021 
 

43. Refer to the Spanos Testimony, page 17. Mr. Spanos states that due to the 

accelerated pipeline replacement program for bare steel and cast iron mains, depreciation 

rates are also accelerated so the investment is fully recovered by year-end 2037. Due to 

Columbia Kentucky requesting for first generation plastic pipe to be included in the 

accelerated pipeline replacement program, explain in detail whether the depreciation 

rates for the plastic pipes were also accelerated in the depreciation study. 

Response:  

There is no accelerated pipeline replacement program through 2037 incorporated in the 

Depreciation Study for plastic pipe.  The specific plastic pipe cannot be identified for 

accelerated replacement into the future.  Additionally, the survivor curve for all the 

subaccounts of mains incorporates not only the historical indications but future plans for 

all main types.  Therefore, the survivor curve selected for mains includes the expectation 

of early generation of plastic pipe being retired sooner than past plans however, there is 

no specific date of recovery included in the study as is the case for cast iron and bare steel.  

All plastic pipe does not have the same definitive plan such as cast iron and bare steel. 
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Response to the Attorney General’s Data Request Set One No. 44 

 Respondent:  John Spanos 
 

COLUMBIA GAS OF KENTUCKY, INC. 
RESPONSE TO ATTORNEY GENERAL’S FIRST REQUEST FOR INFORMATION 

DATED JULY 7, 2021 
 

44. Refer to the Spanos Testimony, Attachment JJS-2, 2022 Calculated Annual 

Depreciation Accruals, page 4. 

a.  Confirm that based upon the depreciation study, as of December 21, 2022, 

Columbia Kentucky’s total depreciable plant is $703,323,333.69. 

b. Provide the monetary amount for the total depreciable plant from the last 

depreciation study conducted for Columbia Kentucky.  

c. Explain in detail the increase of the total depreciable plant in the proposed 

depreciation study, versus the last depreciation study. 

d. Confirm that ratepayers have paid a total of $174,604,409 towards the depreciation 

of plant. If not confirmed, provide the total regarding the same. 

e. Explain what future book accruals of $746,936,361 represent. 

f. Confirm that Columbia Kentucky is proposing $13,746,600.60 of amortizable 

plant. 



g. Provide the monetary amount for the amortizable plant from the last depreciation 

study conducted for Columbia Kentucky. 

Response:  

a. The total depreciable plant as of December 31, 2022 is projected to be 

$703,323,333.69, however, the amortizable plant amount of $13,746,600.60 should be 

included in the total depreciable plant.  Therefore, the total depreciable plant to be 

considered is actually $717,069,934.29. 

b. In the last depreciation study as of December 31, 2015, the total depreciable and 

amortizable plant was $392,967,798.65.  This amount represents a historical or actual 

amount without projected plant as set forth in the December 31, 2022 amount. 

c. The increase is related to 5 years of capital improvements and 2 years of projected 

capital improvements.  The majority of the large increase in capital improvements relates 

to the main replacement program which affect Account 376, Mains and Account 380, 

Services.  The average net plant change for the seven year period is approximately $46 

million per year. 

d. The amount of $174,604,049 is the projected book reserve as of December 31, 2022 

for depreciable plant.  However, the full projected book reserve as of December 31, 2022 

must include the amortizable plant book reserve of $5,438,911.  However, these amounts 



are projected as of December 31, 2022 so this does not reflect amounts ratepayers have 

paid.  The book reserve reflects the accumulated depreciation on plant in service through 

the test year date.  The depreciation study as of December 31, 2020 reflects a more accurate 

level of accumulated depreciation to date.  This amount is $168,689,566 which has 

accumulated since the first year of recovery. 

e. The future accruals column represents the remaining service value of the assets in 

service today still to be recovered.  The service value is the original cost plus the net 

salvage component.  Therefore, the summation of the service value minus the book 

reserve sets forth on an account by account basis the total future accruals as of the test 

year.  This is standard development for recovery for regulating bodies. 

f. The projected amount of $13,746,600.60 as of December 31, 2022 represents the 

total Amortizable Plant. 

g. The historical amount in the last depreciation study as of December 31, 2015 for 

Amortizable Plant was $4,823,336.41. 

 



KY PSC Case No. 2021-00183 
Response to the Attorney General’s Data Request Set One No. 45 

 Respondent:  Chun-Yi Lai 
 

COLUMBIA GAS OF KENTUCKY, INC. 
RESPONSE TO ATTORNEY GENERAL’S FIRST REQUEST FOR INFORMATION 

DATED JULY 7, 2021 
 

45. Refer to the Direct Testimony of Chun-Yi Lai, page 10.  

a. Chun-Yi Lai states that Columbia Kentucky is projecting 209 full-time employees 

for 2022. As aforementioned, Ms. Cole stated in her testimony that Columbia Kentucky 

currently employs 201 active full-time employees.  

i. Explain in detail why Columbia Kentucky is projecting eight additional full-time 

employees for the future test period in 2022.  

ii. Explain whether the eight jobs are newly created positions or vacancies.  

iii. Identify and provide a brief overview of all eight additional full-time jobs, and 

why each job is necessary to provide natural gas to the ratepayers. 

iv. Provide a specific date as to when each new employee will be hired to fill the 

additional eight full-time jobs. 

v. Provide justification for Columbia Kentucky adding eight additional full-time 

employees for the forecasted period ending December 31, 2022, when  



 

based upon Ms. Bartos’ testimony, page 16, Columbia Kentucky is forecasting lower sales 

and lower transport volumes of gas per CCF in 2022 than in 2021. 

vi. Provide the total monetary amount that Columbia Kentucky is including in the 

pending rate case for each of the eight new full-time job positions including but not 

limited to salary, benefits, taxes, etc.  

b. Provide justification for the overall wage increase of 3% for exempt and non-

exempt employees. 

Response:  

a.  

i. Columbia is projecting eight additional full-time employees which are existing 

vacancies that Columbia plans to fill. 

ii. The eight additional full-time employees are existing vacancies. 

iii. Seven of the eight vacancies will reside in gas operations to perform work 

related, but not limited to, emergency response, leak repairs, meter change 

program, and oversight over construction contractor crews for safety and 

quality control.  The remaining vacancy is an On-the-Job trainer that will focus 

on coaching, mentoring and developing field employees and providing 



support and feedback to employees and leadership.  This role will develop 

employees through hands-on training and knowledge transfer to ensure they 

are successful in their roles, and that they are properly trained and are able to 

execute work efficiently, safely and in compliance with all federal, state, local 

and company requirements.   

iv. The seven vacancies in gas operations are expected to be filled by September 

13, 2021, and the On-the-job vacancy is expected to be filled by August 1, 2021. 

v. There is no connection between these eight additional full-time employees and 

the lower usage forecasted by Witness Bartos. 

vi. The estimated O&M impact is $618,000. 

 

b. Please refer to pages 29 through 30 of the Direct Testimony of Kimberly Cartella 

in Tab 30 of the Application. 

 

 



KY PSC Case No. 2021-00183 
Response to the Attorney General’s Data Request Set One No. 46 

 Respondent:  Chun-Yi Lai 
 

COLUMBIA GAS OF KENTUCKY, INC. 
RESPONSE TO ATTORNEY GENERAL’S FIRST REQUEST FOR INFORMATION 

DATED JULY 7, 2021 
 

46. Refer to the Direct Testimony of Chun-Yi Lai, pages 14 – 15. 

a. Explain why employees have transferred from NiSource Corporate Service to 

Columbia in Large Customer Relations and Safety Compliance & Risk Management.  

b. Explain whether NiSource and Columbia Kentucky have requested additional 

corporate insurance quotes due to the significant increase of corporate insurance 

amounts.  

c. Explain in detail what is meant by locates. 

d. Explain in detail what is meant by turnbacks. 

e. Explain why costs have increased due to locates and turnbacks. 

Response:  

a. Large Customer Relations and Safety Compliance & Risk Management employees 

transferred from NiSource Corporate Service to Columbia to give the operating 

companies more oversight.  This decision was made across NiSource companies. 



b. NiSource uses insurance brokers to market and obtain quotes for all insurance 

programs. A variety of insurers are approached to ensure the best possible price and 

policy language. 

c. KRS 367.4901 – 367.4917 requires Columbia Gas, as an operator, to locate its 

facilities when a ticket request is made through the notification center (or 811).  

d. A turn-back is a term used to describe a difficult locate or when a facility cannot 

be located.  This could be due to mapping, tracker wire, or multiple facilities in close 

proximity.  In the event that Columbia is unable to locate, then it will need to send a more 

specialized crew to ensure that it avoids any potential damage during excavation.  

Columbia will use vacuum excavation trucks, hand dig, or other specialized technology 

to locate the underground facility ensuring that the excavating party knows where 

Columbia’s facilities are located to avoid any potential damages. 

e. Ticket volumes have gone up due to increased projects by municipalities, other 

utilities, and excavation activities.  In addition, KRS 367.4901-367.4917 was amended in 

2018 which will fine excavators and operators who do not call 811, fail to locate, or locate 

in error thus causing damage.  This has led parties that did not historically call to begin 

calling in tickets so as not to be fined if there was damage.  As the volume of locate ticket 

requests increase, generally so does the amount of turn-back tickets in a proportional 

manner. 



KY PSC Case No. 2021-00183 
Response to the Attorney General’s Data Request Set One No. 47 

 Respondent:  Susan Taylor 
 

COLUMBIA GAS OF KENTUCKY, INC. 
RESPONSE TO ATTORNEY GENERAL’S FIRST REQUEST FOR INFORMATION 

DATED JULY 7, 2021 
 

47. Refer to the Direct Testimony of Susan Taylor (“Taylor Testimony”), page 7. Ms. 

Taylor states that a copy of the current Service Agreement, effective January 1, 2015, 

between NCSC and Columbia, was submitted to the Commission as an affiliate 

agreement on January 15, 2015. Explain whether the January 1, 2015 Service Agreement 

complies with KRS 278.2207(1)(b), which requires services and products provided to the 

utility by an affiliate to be priced at no greater than market price or in compliance with 

the utility’s existing USDA, SEC, or FERC approve cost allocation methodology. 

Response:  

Yes the Service Agreement complies with KRS 278.2207. As noted in Attachment ST-2, 

1.3 NCSC files cost of services and allocations with the FERC annually. Labor market 

studies are conducted to ensure salary and benefits are commensurate with the market, 

which is outlined in Section VII of the testimony of Witness Kimberly Cartella. In 

addition, procurement of materials, good and services goes through a competitive 

bidding practice to ensure market based services. Please note during the FERC audit, 

attached as KY PSC Case No. 2021-00183, AG 1-061, Attachment A, FERC auditors 



reviewed the bidding process and sampled charges and payments to determine accurate 

pricing for sale of goods and services to verify compliance with FERC market pricing 

rules. No exceptions were found and practices were deemed to be compliant with FERC 

market pricing rules. 



KY PSC Case No. 2021-00183 

Response to the Attorney General’s Data Request Set One No. 48 

 Respondent:  Susan Taylor 

 

COLUMBIA GAS OF KENTUCKY, INC. 

RESPONSE TO ATTORNEY GENERAL’S FIRST REQUEST FOR INFORMATION 

DATED JULY 7, 2021 

 

Refer to the Taylor Testimony, page 8, and confirm that this page should be blank. 

Response:  

Yes, there was an inadvertent page break inserted on page 8; therefore leaving a page 

blank to Taylor Testimony, page 8. 

 



KY PSC Case No. 2021-00183 
Response to the Attorney General’s Data Request Set One No. 49 

 Respondent:  Susan Taylor 
 

COLUMBIA GAS OF KENTUCKY, INC. 
RESPONSE TO ATTORNEY GENERAL’S FIRST REQUEST FOR INFORMATION 

DATED JULY 7, 2021 
 

49. Refer to the Taylor Testimony, page 9.  

a. Explain in detail who at Columbia Kentucky has the authority to determine that 

an allocation percentage is not reasonable. 

b. If Columbia Kentucky has ever asserted that an allocated percentage is not 

reasonable then identify all occurrences of the same in the past five years.  

c. Explain in detail who at Columbia Kentucky has the authority to refuse to pay an 

allocated charge. 

d. If Columbia Kentucky has ever refused to pay an allocated charge then identify all 

occurrences in the past 5 years. 

Response:  

a. The Director of Regulatory & Utility Planning has the authority to determine that 

an allocation percentage is not reasonable. As part of semi-annual update of NCS 

Allocation Survey, Accounting provides a file with new allocation rates, based on 



updated actual data volumes. In addition, a file explaining all differences of + / - 

1 % is sent for review to Columbia Kentucky Controller and Director Regulatory 

& Utility Planning. Additionally, Accounting provides a monthly summary 

report of charges billed to Director Regulatory & Utility Planning for review 

which includes month over month comparisons of direct and allocated charges, 

Columbia Kentucky’s allocated percentage comparison, and cost element detail. 

Refer to KY PSC Case No. 2021-00183, AG 1-049, Attachment A for recent 

example of monthly summary report. 

b. Allocations are reviewed proactively during the budget process with Director of 

Regulatory & Utility Planning. During the budget review, NCSC allocations are 

reviewed by affiliate during budget process to analyze allocations by initiative. 

There is a formal meeting held to walk through the Columbia Kentucky budget 

for reasonableness. Any discussions or challenges on allocations or budget items 

would take place during this session. As actuals come through they are reviewed 

in comparison to budget for variances. Refer to Columbia’s Response to the 

Attorney General’s First Set of Requests for Information No. 139 for the allocated 

adjustments contained in the forecast period for one-time items, ii) future 

planned work, and iii) strategic initiatives. Refer to Columbia’s Response to the 

Attorney General’s First Set of Requests for Information No. 150 for 



documentation of meetings requested by Columbia Kentucky to review monthly 

Budget to Actual variances since 2018. 

c. The Director of Regulatory & Utility Planning and President of Columbia 

Kentucky have the authority to refuse to pay an allocated charge. 

d. To my knowledge, I am not aware of a refusal to pay an allocated charge since 

the last rate case after charges have been billed. As noted in part b above, any 

new initiatives outside of the normal cost allocation manual are proactively 

discussed and an allocation is determined ahead of the start of an initiative for 

approval prior to set up of project coding. With proper billing controls in place, it 

reduces the amount of billing exceptions. 



KY PSC Case No. 2021-00183 
Response to the Attorney General’s Data Request Set One No. 50 

 Respondent:  Susan Taylor 
 

COLUMBIA GAS OF KENTUCKY, INC. 
RESPONSE TO ATTORNEY GENERAL’S FIRST REQUEST FOR INFORMATION 

DATED JULY 7, 2021 
 

50. Refer to the Taylor Testimony, page 12. 

a. Provide a breakdown of all of the increased costs from 2018 when the Total O&M 

billed from NCSC to Columbia Kentucky was $16,743,067, versus the proposed Total 

O&M in the forecasted test period of $19,320,924.  

b. Explain how an approximately 15% increase in costs from NCSC to Columbia 

Kentucky since 2018 is fair, just, and reasonable. 

c. Explain whether Columbia Kentucky has recently analyzed the cost to hire either 

in-house operations or third-party vendors versus the costs allocated from NCSC for 

comparable services. 

Response:  

a. Increases in NCSC costs from 2018 to the forecasted test period are primarily 

related to merit for labor and inflation increases on third party contracted costs, 

incremental safety initiative costs related to Safety Management System (SMS) 

and Columbia’s Safety Plan initiative which was $443,397 million in the 



forecasted test period, net increase in allocation to Columbia Kentucky due to 

change in entities, as noted in Columbia’s Response to the Attorney General’s 

First Set of Requests for Information, No.152, offset by NiSource initiatives to 

control costs of $1,013,226 in the forecasted period and additional NiSource 

initiatives added as a pro-forma adjustment of $666,016 See Columbia’s 

Response to the Attorney General’s First Set of Requests for Information, No.39 

for support on the NiSource initiatives. 

 

In addition, and as noted in part b below, direct billings by NCSC employees 

for Merrimack Valley recovery efforts during 2018 contributed to lower billings 

to Columbia Kentucky for a short time period, thus showing an abnormal 

inflated comparison for Management fee billings. 

b.  In 2018, the engagement of NCSC employees in the Merrimack Valley event’s 

recovery efforts contributed largely to the variance. The Company estimates that 

the NCSC billings it received were reduced by approximately $0.55-0.78 million 

during the last four months of 2018.  Adjusting for those two items, reduced 

billings in 2018 and incremental safety spend in 2022, the total O&M variance in 

2018 to the forecasted test period was approximately 8% or 2% growth annually.    



 Further, Witness Taylor is using an inflation methodology for NCSC O&M costs 

consistent with that used by the Office of the Attorney General in its rebuttal 

testimony Case No. 2013-00167, p.33 and Case No. 2016-00162, p.21.  In that 

rebuttal testimony, inflation is calculated starting with the previous base period, 

pro-forma adjusted test year. Witness Taylor has employed a consistent inflation 

methodology starting with a pro-forma NCSC base test period in the 2016-00162 

case to illustrate the costs are just and reasonable. 

c.    Although Columbia Kentucky has not directly analyzed the cost to hire either in-

house operations or third-party vendors versus the costs allocated from NCSC for 

comparable services, NiSource has currently conducted a review of NCSC services 

that could be performed by third party vendors for comparable services. This 

initiative, Enterprise Business Services, is included in Witness Taylor’s testimony 

as a pro-forma adjustment. Further, other NiSource affiliates, as part of their 

Annual Report of Affiliate Transactions or as part of a base rate case, have 

procured an outside service to conduct an independent review comparing NCSC 

services against third party vendors service cost. The fee to conduct the review is 

paid directly by the affiliate requesting the service, and although not specific to 

Columbia Kentucky, the review on NCSC services yields consistent analysis and 

an indicator that NCSC allocated cost is reasonable to the affiliate.   
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