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DR. LEE L. SELWYN

Dr. Lee L. Selwyn has been actively involved in the telecommunications field for more
than twenty-five years, and is an internationally recognized authority on telecommunications
regulation, economics and public policy. Dr. Selwyn founded the frrm of Economics and
Technology. Inc. in 1972, and has served as its President since that date. He received his Ph.D.
degree from the Alfred P. Sloan School of Management at the Massachusetts Institute of Tech­
nology. He also holds a Master of Science degree in Industrial Management from MIT and a
Bachelor of Arts degree with honors in Economics from Queens College of the City University
of New York.

Dr. Selwyn has testified as an expert on rate design, service cost analysis, form of
regulation, and other telecommunications policy issues in telecommunications regulatory
proceedings before some forty state commissions, the Federal Communications Commission and
the Canadian Radio-television and Telecommunications Commission, among others. He has
appeared as a witness on behalf of commercial organizations, non-profit institutions, as well as
local, state and federal government authorities responsible for telecommunications regulation and
consumer advocacy.

He has served or is now serving as a consultant to numerous state utilities commissions
including those in Arizona, Minnesota, Kansas, Kentucky, the District of Columbia, Connecticut,
California, Delaware, Maine, Massachusetts, New Hampshire, Vermont, New Mexico, Wisconsin
and Washington State, the Office of Telecommunications Policy (Executive Office of the
President), the National Telecommunications and Information Administration, the Federal
Communications Commission, the Canadian Radio-television and Telecommunications
Commission, the United Kingdom Office of Telecommunications, and the Secretaria de
Comunicaciones y Transportes of the Republic of Mexico. He has also served as an advisor on
telecommunications regulatory matters to the International Communications Association and the
Ad Hoc Telecommunications Users Committee, as well as to a number of major corporate
telecommunications users, information services providers, paging and cellular carriers, and
specialized access services carriers.

Dr. Selwyn has presented testimony as an invited witness before the U.S. House of Repre­
sentatives Subcommittee on Telecommunications, Consumer Protection and Finance and before
the U.S. Senate Judiciary Committee, on subjects dealing with restructuring and deregulation of
portions of the telecommunications industry.

In 1970, he was awarded a Post-Doctoral Research Grant in Public Utility Economics
under a program sponsored by the American Telephone and Telegraph Company, to conduct
research on the economic effects of telephone rate structures upon the computer time sharing
industry. This work was conducted at Harvard University's Program on Technology and Society.
where he was appointed as a Research Associate. Dr. Selwyn was also a member of the faculty
at the College of Business Administration at Boston University from 1968 until 1973, where he
taught courses in economics, finance and management information systems.

Dr. Selwyn has published numerous papers and articles in professional and trade journals
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on the subject of telecommunications service regulation, cost methodology, rate design and
pricing policy. These have included:

"Pricing Telephone Terminal Equipment Under Competition"
Public Utilities Fortnightly
December 8, 1977

"Deregulation, Competition, and Regulatory Responsibility in the
Telecommunications Industry"
Presented at the 1979 Rate Symposium on Problems of Regulated Industries ­
Sponsored by: The American University, Foster Associates, Inc., Missouri
Public Service Commission, University of Missouri-Columbia
Kansas City, MO - February 11 - 14, 1979

"Sifting Out the Economic Costs of Terminal Equipment Services"
Telephone Engineer and Management
October 15, 1979

"Usage-Sensitive Pricing" (with G. F. Borton)
(a three part series)
Telephony
January 7, 28, February 11, 1980

"Perspectives on Usage-Sensitive Pricing"
Public Utilities Fortnightly
May 7, 1981

"Diversification, Deregulation, and Increased Uncertainty in the Public Utility
Industries"
Comments Presented at the Thirteenth Annual Conference of the Institute of
Public Utilities
Williamsburg, VA - December 14 - 16, 1981

"Local Telephone Pricing: Is There a Better Way?; The Costs of LMS Exceed
its Benefits: a Report on Recent U.S. Experience."
Proceedings of a conference held at Montreal, Quebec - Sponsored by
CtJIUII:lian Radio-Television and Telecommunications Commission and The
Centre for the Study of Regulated Industries, McGill University
May 2 - 4, 1984

"Long-Run Regulation of AT&T: A Key Element of A Competitive
Telecommunications Policy"
Telematics
August 1984
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"Is Equal Access an Adequate Justification for Removing Restrictions on BOC
Diversification?"
Presented at the Institute of Public Utilities Eighteenth Annual Conference
Williamsburg, VA - December 8 - 10, 1986

"Market Power and Competition Under an Equal Access Environment"
Presented at the Sixteenth Annual Conference, "Impact of Deregulation and
Market Forces on Public Utilities: The. Future Role of Regulation"
Institute of Public Utilities, Michigan State University
Williamsburg, VA - December 3 - 5, 1987

"Contestable Markets: Theory vs. Fact"
Presented at the Conference on Current Issues in Telephone Regulations:
Dominance and Cost Allocation in Interexchange Markets - Center for Legal
and Regulatory Studies Department of Management Science and Information
Systems - Graduate School of Business, University of Texas at Austin
October 5, 1987

"The Sources and Exercise of Market Power in the Market for Interexchange
Telecommunications Services"
Presented at the Nineteenth Annual Conference - "Alternatives to Traditional
Regulation: Options for Reform" - Institute of Public Utilities, Michigan State
University
Williamsburg, VA, December, 1987

"Assessing Market Power and Competition in The Telecommunications
Industry: Toward an Empirical Foundation for Regulatory Reform"
Federal Communications Law Journal
Vol. 40 Num. 2. April 1988

"A Perspective on Price Caps as a Substitute for Traditional Revenue
Requirements Regulation"
Presented at the Twentieth Annual Conference - "New Regulatory Concepts,
Issues and Controversies" - Institute of Public Utilities, Michigan State
University
Williamsburg. VA. December. 1988

"The Sustainability of Competition in Light of New Technologies" (with D. N.
Townsend and P. D. Kravtin)
Presented at the Twentieth Annual Conference - Institute of Public Utilities
Michigan State University
Williamsburg. VA. December, 1988
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"Adapting Telecom Regulation to Industry Change: Promoting Development
Without Compromising Ratepayer Protection" (with S. C. Lundquist)
IEEE Communications Magazine January, 1989

"The Role of Cost Based Pricing of Telecommunications Services in the Age
of Technology and Competition"
Presented at National Regulatory Research Institute Conference, Seatle, July
20, 1990.

"A Public GoodIPrivate Good Framework for Identifying POTS Objectives for
the Public Switched Network" (with Patricia D. Kravtin and Paul S. Keller)
Columbus, Ohio: National Regulatory Research Institute, September 1991.

"Telecommunications Regulation and Infrastructure Development: Alternative
Models for the PubliclPrivate Partnership"
Prepared for the Economic Symposium of the International Telecommunications
Union Europe Telecom '92 Conference, Budapest, Hungary, October 15, 1992.

"Efficient Infrastructure Development and the Local Telephone Company's
Role in Competitive Industry Environment" Presented at the Twenty-Fourth
Annual Conference. Institute of Public Utilities. Graduate School of Business.
Michigan State University. "Shifting Boundaries between Regulation and
Competition in Telecommunications and Energy", Williamsburg. Virginia.

"Measurement of Telecommunications Productivity: Methods, Applications and
Limitations" (with Fran~oise M. Clottes)
Presented at Organisation for Economic Cooperation and Development.
Working Party on Telecommunication and Information Services Policies. '93
Conference "Defining Performance Indicators for Competitive
Telecommunications Markets", Paris, France, February 8-9, 1993.

"Market Failure in "Open" Telecommunications Networks: Defining the New
"Natural Monopoly"
Presented at the Tenth Michigan Conference on Public Utility Economics,
Western Michigan University, Kalamazoo, Michigan, March 26, 1993. Also
forthcoming in Utilities Policy, January, 1994.

"Telecommunications Investment and Economic Development: Achieving
efficiency and balance among competing public policy and stakeholder
interests"
Presented at the 105th Annual Convention and Regulatory Symposium.
National Association of Regulatory Utility Commissioners, New York,
November 18, 1993.

"The Potential for Competition in the Market for Local Telephone Services"
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(with David N. Townsend and Paul S. Keller)
Presented at the Organization for Economic Cooperation and Development
**Conference, December 6-7, 1993.

"Market Failure in Open Telecommunications Networks: Defining the new
natural monopoly," Utilities Policy, Vol. 4, No. I, January 1994.

"The Enduring Local Bottleneck: Monopoly Power and the Local Exchange
Carriers," (with Susan M. Gately, et al) a report prepared by ETl and Hatfield
Associates, Inc. for AT&T, MCI and CompTel, February 1994.

Dr. Selwyn has been an invited speaker at numerous seminars and conferences on
telecommunications regulation and policy, including meetings and workshops sponsored by the
National Telecommunications and Information Administration, the National Association of
Regulatory Utility Commissioners, the U.S. General Services Administration, the Institute of
Public Utilities at Michigan State University, the National Regulatory Research Institute at Ohio
State University, the Harvard University Program on Information Resources Policy, the Columbia
University Institute for Tele-Information, the International Communications Association, the Tele­
Communications Association, the Western Conference of Public Service Commissioners, at the
New England, Mid-America, Southern and Western regional PUCIPSC conferences, as well as
at numerous conferences and workshops sponsored by individual regulatory agencies.
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APPENDIX F

INPUT PRICES AND TOTAi FACTOR PRODUCTIVITY
by C. Anthony Bush and Mark Uretskyl

1. [ntroduction

In a ~ompecitive markec. the price of a product is driven. to its economi<: costs bv the
for<:es of ~omplCitioa. If input prica of firms decliM, price <:ompetition amona in~wnbent
firms ancl from new en1rIDtI chit an enticed into the IDIrkIt by "economic profits"Z drives the
pri<:e of the product down to reflect the dleliM. ThUl, uadIr <:ornpetition. declines in input
pri<:es flow throuah to <:ouumen in the form of lower output prices.

Under the total flCtor procIuctivity (UP) ftImework. advocated by USTA and most
ex<:hanae <:arrien. powdl in UP is a meuure of the improvemlDt by whi<:h factor inputs
(labor, land, and <:apital) Me <:ombiDld within a firm or iDduIIry to produce outputs of loods
and servi<:es. ChInps in the <:0It of inputs are I....ly outside the firm's <:ontrol and are
ex<:luded from such I meIM'e. However, the TFP stUdies put OD the record in this
proceectina (eMS p- 'Wjn)J do allow measurement of input price <:haqes u a
byproduct of the mtItRINIIIIIlt of IFP <:hmps. Thus the resu.ltl of the TFP studies in<:lude a
measurement of the <:bIqe in UP u well u a separate meuuremen.t of the ~hange in input.
pri<:es.

All pctia apee tb8t, in <:ampetitive mark_ <:hInps in output prices reflect changes
in input prica u well u c.... in UP. They abo apee _ to replicate the results of a
competitive m.ut. I "productivity oft'let" to inflation (1L III X-FICtor) must reflect both
TFP <:hanpllDd iDput price c"t',.a· The pII1ia diIIpw. however, u to the mqztitucie of
the effect of includial till iDpu& price c...... USTA ..... thIl shon-nul (i.I., post­
divestiture) m.....1Dl1dl of iDput prica are unreliable aacl that the X-Factor should

I Mr. BuIll is I.t,.., 1.__ 1M Mr. UI'ICIky is Chief EC0DC8i.. CoaIIDCIIl CIIrier Bureau. Federal
ComJlUDli'P"1I (I 'sta

: ECOII•• ..-.. pro8II dill tIM COli of clPilll.

I USTA C•• 2 An h •• 6 (CIIri Schoecb." Men-. "Pracluaivicy oft!lt Loea! Telephone
Operllin. COIap.I..,; _ .. USTA J_., 12. 199~ Ex ....(~.C....... IDd Schoech.
"Total Facto, Produaivicy ill. leU S~", S•. 1911 ) and USTA 1.., 20, 199~ Ex Pan•.

• SeeUSTAC~ An....... '; Nllionl1 Economics R....aa Auoci_ (N'ERA), "EconomiC
PerfOnftIllC. of the LEC Price CIP pt." (N'QA SlwM. pp. 1·11; Ad Hoc Reply. Aftldunlftt A; Davu1 J
Roddy and Lee L. Selwyn of EcoaoIIlica, TlCbftololY. Inc. (Em, "Aft Empirical EIIimIII of the LEC ?nee Colp
"X Facto," BIMClUpon Histaric Nllioul LEC ProductivitY and Input Price TreadI" (En·Study>. pp. S· 7 1I'ld
pp. 10·IS. AT"T R~ly. Appendix C.



incorporate the lana-run difference in input prices between the LEC industry and the L S.
economy, whicb USTA claims is zero.s Ad Hoc araues that the X·Factor should Incorporate
the differeace in input prices between the LEC industry and the U.S. economy for the post.
divestiture period, i&u the same time period for which TFP is measured.6 The effect of
includinl input prices in the X-Factor is potentially larle. For example. the inclusion of the
effect of input prices under Ad Hoc's proposal would cause the X-Factor for the 1984 • 1992
period to increase from 2.3 percent to S.2 percent

In this appendix. we conclude tbIlan X-Factor baed on Christensen's LEe TFP data
and the Buruu. of Labor Swilcic's (BLS) U.S. economy TFP data for the period 1984 •
19907 should i.ncludlan adjUlClDlllt for iDput priceL W. also conch. that such input prices
should be derived from Christa..'s IDd BLS's TFP cIIta for the SlIM period (1984 - 1990).
[n additioa, bMtcl OD the I.- data available flomC~ IDd the BLS. we find that
such III X-FlCtOr. excludinl the consumer productivity divideDd (CPO). would be at least 4.8
percent.

In order to UDdIrstMd the cte-. over the propIr tnllIIltDt of input prices under a
TFP approach, familiarity with sev'" differeDt formulll for the X-Factor is imponant. From
a nwbenWical perspective. the various formulu cited by the plrties an equivalent In this
sectioa, the formulu are preIIIUed IDd derived. The percentll. challle iD a variable is
denoted by a prefix (%); multiplicalioD is deaoted by (.).

TFP is deftDed as the rano of real (detlateel) output to real input. For a simple model
of one output and one input. w. have:

TFP· Q / I.

wt.e
Q• 0U1pU&, IDd
I· iDput

I 36 '2 $ , Po .6; NDA R.tpIy, p. 6.

(Equation 1)

$ ED SNSly. pp. 10 -17.

, Althoup _1*............... pIftIiD co thl poIC-eliv..... period 1984 - 1992. WI rnch a findinll
In this Appendix speciftcally widl rIIpICt CO the period 1984· 1990. btcIuII this is thl period thai is relevant ior
pufl'O" of corrobonlinl dlt ftndinp of dlt ~cuh..d "Frenrnap-Ureaky" stUdy thM dlt X·FICtOf dunng the
penod 19" • 1990 wu '.0 ptrC"l. S. Appendix D.
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We CID show that growth in TFP equals growth in output less growth in input:!

%TFP • %Q . %1.

.....here
%TFP is percental. chanle in productivity.
%Q is percenlqe chanae in output. and
%1 is perc:enlqe chanae in input

(Equation ~)

Asswniq competition. it CaD be shown that. in aeneral, the IfOwth in TFP equals the
srowth in input prices less the arowth in output prices:'

o/,TFP. %W· %P (Equation 3)

where
O/,P is percIIltip chlnp ill pric. of ada uait of output Q. and
%W is percemap chlftp in pric. of ada unit of input (

Given tbne equations. we CaD derive a formula for LEC pric. chanaes under perfect
competition: 10

(Equation '+)

where
o/,pLIC is percental_ chanl' in LEe oucput pric"
%pus isJ*CID'IP chap in U.S. outpUt prica (i.•.• inflation),
%TFpLIC is ptI'CID"" c.... in TFP for the LEC industty.
o/,TFP''' is percen. cblqt ill the m for the U.S. economy.

, Tlkinll.' t p ' of (I)'" cIi~1Iin1widl,.... at tinII, nociIII dill the time denvlllve of
the 101ll'itbm or I v..... iI ;= nly equal to die~ ee.tp or tbII vlriable, yields equation t~).

• [11 co......w ................ equals COlt:

P'Q-W'1.
Thus.

and

Takinl lopridunJ .. clitl'llwnilliDl widl respICC to tim.. nociat tbII cbI rm. dtrivllive of the 101llithm oi a
~arlable is II'PI'Oxiru.ly equal to the ~tlle c:han.e of thII vlri.... yi'" equaiOD (3).

'~ Subnctinl equIIioa (3) for 'fFPU' &om equilion (3) for 1'FJl'.IC and rwnqinl terms resulu in equation
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and
%wW: is percentage change in the input prices for the LEe industrV..

%WUS is percentage change in the input prices for the L'.S. economy

The term in brackets in equation (4) is the theoretical equivalent of the X·Factor
(exc!udins the CPO). under the TFP framework. In other words. the X-Factor is the offset to
.intlation (%pL's) which forces LEC price chanses {%puc) to behave as would be requlted In a
competitive market. Thus we have

(Equation 5)

The X~Factor depends on TFP differences between the LEC industry and the US economy
("TFP differential") and aD input price differences between the LEC industry and the US
economy ("input price differential").

It also Clll be shown that there is another, equivalent, formula for the X·Factor that
replaces measures of TFP chan.. and input price chan.e for the US economy with a measure
of output price chanle for the US economy:ll .

X • %TFpLIC + %pus - %WUC,

Funhermore. we can rewrite equation (3), as applied to LECs. as

%pUC • %WUC • %TFPLIC,

(Equation 6)

(Equation -:')

This means that usinI this approIlCh is equivalent to just buinl LEC output prices on LEC
input prices and LEC productivity, without the need for any US lllRa- data for prices or
productivity.

m. Comments _ Ex plftII

latnd....... n. diIIpee aD whetbtr the input price difftreftual for the
1984-1992 tUM pIriocI is or mnninlful meuuremeat. Boch Christensen
Associ_ (CIIItJ1I_)" NIIioaIl Economics ReteIrch Aaociates (NERA).,economic
consul UITA. ..... sbort-nm input price data exhibit substaDtial volatility and
cannot be upaa • ICCUI'IM. U Christensen arpes tbIl the LEC input price series from

:, To conlWCt US _ price pvwdI, priva bUSiness sector TFP powdl is IddId to GOP·PI growth. See
L:STA January 13. 1995 Ex PIrIe.

:: Equllion (6) Clil be derived by subscitvtiDl the formula for %TfPUI from equaion (3) into equilion \5)

l See HERA Spady: see also USTA Febn1ary I. I99' Ex Pane. p. 9·10; HERA Reply. p. 3I.



his UP studies are not directly comparable to the U.S. input price series for the 1984 . [992
time periocllDd tbat. if a comparison is made, there will be substantial volatility In the Input
price differ..... Christensen araues that the short-run differential between LEC and C.S.
input prices should be iplored in favor of his findinathat the lona-run differential betv.·een
LEC and U.S. input prices is zero. 14 NERA concurs with Christensen and outlines additional
volatility problems with Christensen's LEC input price data for the 1984-1992 time period. 5

Ad Hoc arll\let that LEC input price data for the 1984-1992 period are derived directlv
from ChriSteallft'S TFP studies and are II reliable II Christensen's TFP study. Further. Ad .
Hoc arpes that these data show III importlDt chan.. in the 101ll-nm trend of LEC input
prices and thus mUll be the buis for any input price component included in the X-Factor for
the post-divtstiture period. t

'

1.lm AccordiDI to USTA's ecoaomic coDlU1t1Dt1, only lOlli-nul measures of LEC
input priCII are reliable enoup for inclusion in the X-FICtOr. "I'My claim that because the
10na-NIl input price dift'ermtial is zero, the input price differential in equation (S) should be
zero and the X-FICtOr should simply retlect the TFP difftrllltial. USTA's economic
consultants believe that the propIr meuurement of the X-FICtof over the period 1984-1992 is
1.7 percent. 11 i.Ju the dilfc.DCI bInveen price cap LEC TFP poMh and U.S. TFP growth
for that period. Their reuonma. prIIIfttecl in vllrious studies and ex parte filinas, can be
summlrizlcl II follows: (1) the input price differential CID be estimated reliably only for the
lona-run; (2) the lona-nul meuure of the input price diffenmial is zero percent; and (3)
therefore, the X-Factor should include only the TFP differential.

'Be Lo...R... USTA's economic consultants make several arpunents in support of
the view that the lona-nul input price differential is zero perceDl In the USTA Febnwy 1.
1995 Ex Pane, ChristenseD aqua:

Telepboalc~ compete for labor, capital, _ otblll' iDputI with all other sectors
of the U.S. ICODOIIlY. Thus, ODe would expect input priaI for telephone companies to
have the ... lOllI-lInD tnIId II odler seeton of tile ICODOmy, and hence, the same as
the entire U.S. ecoaomy. This expectation is validatlcl by lOlli-term historical

I. USTA ...=, I, 1995 Ex ..... p. 9

It NDA __, pp. 2..32.

'6 Ad Hoc Rtply, pp. 1()'13; Ad Hoc Ex PlIftI. pp. 6·1. Ad Hoc. howe¥•• ftn. fiult with downward
reviliOfti dlM ehri..... midi to die LEe inlNI pnet sen•• refllCtad ill me USTA FebnIIry 1. 1995 Ex.
Pan.. S.. also fooalOfe 31, below.

" Subsequent chin,. in BLS's m-.nmtnl of t:S. TFP and the comc:tiOfti of IITOI'I in the Chmtensen
TFP study result in a revised m.-ure of the TFP differentia! of 2.1 ptI'CIftL See USTA IIIlUII'Y 20. \99S E,
Pane. 1'.16.
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experience. II

USTA's economic consultants present various time-series (u., annual data for a
sequence of y...) to show that the input price differential is neslisible and not statistically
different thlD zero. SERA compares a time-series of telephone industry input price gro~th

rates derived from various Christensen TFP studies and a time-series of U.S. economy input
price iro~th rates that NERA constrUCts from BLS's TFP studies for the U.S. economy and
measures of inflation. 19 The comparison is for the time period 1959 - 1992 and shows that
the input price differential averaps about 0.7 percent.20 NERA claims that the input price
differential of 0.7 percent is swistically indistiquishIble from zero percent. Based on
economeuic tecbDiqua. NERA CODm'UCII a "95 ptl'Ceat confidlnce interVal" usina 0.7
percent. A "95 perceat confldenc:e inwval" is ID in.-vu which captUrtI the true mean of the
input price difftnD.tial with a probIbility of 95 pe!ant. In NERA's study, the 95 percent
confidence iD*'Val bIIlD upper bound of 2.1 percent .. a lower boUllCl of -0.6 percent.
NERA claims tbII becauIe zero percent is witbiD the 95 percent confidence interval, it is
statistically indilti.npisblble from 0.7 percent.

ChristtIIIID pmIIlts a time-series of telephone iDdUltry aad U.S. economy input price
growth rates from 1949 to 1992 to sbow that the inpul price difflrlDtill averqes only 0.1
percent. Chri-....n conducts stMistical teItI of the hypotMsis tbII the trend in input price
growth for the telephone induItry equals the trend in input price powtb for the U.S.
economy. In the COO-- AfflcMviL ChristeDseIl concludes dIat there is no evidence that
the input price trends differ,u

n. S......·R... USTA's economic consultalltl abo pment evidence reaardina the
short·run input price differential. CbristeaIeD tattd wbetber tile avena' input price
differential wu equal to zero for me period 1913·1992 aad foa dIat the difference is not
statisticilly sipificUlt. AccordiDl to ChristenMn, the averap input price differential was 2.6 .
percent.U Chri...... claillll dIat tbiI differential is statistically iDdiItiqu.iJbable from zero
percent, presumably bee.. 2.6 percIIlt falls witbiD a 95 perceDt confideDce interval, which

:t USTA '.ay I, 1995 b ..... p. 5.

" NEIA'...... of U.S. lC080IIly inpuc price .,owdll'lrll is bINd oa tqUIIioa (3), above.

:0 USTA 1.., 13, 199' Ex ..... Noce lh. SERA campa. the inpuc price dirr-cil1 u %~s •
%wlM: so lb. positive O.7 indi~ _ tIN chilli' In LEe inpuc pricea is 0.7 perc:enCip poiftCl less than the·
chanl' in U.S. inpuc prica

:1 USTA FebnIIry I, 1995 Ex p-. p. , «Mum. Amdayit).

:: (MItIDW AtndayjC and USTA February 22. 199' Ex PIne.
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alsO contIiDI zero.13

Bodl N'EIA and Christensen claim that. in the short-run. LEC input price data
contained in tile CM..Studia cannot be reliably compared to U.S. input price data.
They contend that such a comparison will yield volatile results that can only be corrected bv
averaging prices over the Ions-run. Christensen arsue5 that: .

There is no reason to expect telephone company input prices to rise slower than input
price ifOwth (or other sectors of the U.S'. economy. This concept is validated by the
fact that the lona-term trends are the same. Short-term input price data exhibit
substaDtial volarility, but provide no evidence of diverlat trends.24

NERA and Chri.... offer various reIIOns (or the volarility, all of whieb relate to the
treatment of capica1 COltS in Chri....', UP stUdies.

CbristeaIIa .-ns that his estimeres of capica1 input prica for the lECs are buecl on
a different metbod tbID the ncim.... of capica1 input prica for the U.S. economy derived
from the BlS', UP studies and _ a complrisoft bttw.. them is inVilicLu Accordlni to
Christensen, bee". the BLS', meuunment of U.S. TFP ref1ectleconoaUc profits II well as
the opponuaity cOlt of capital (in... rata). economic profits In included in the input price
series for the U.S. ecoDOIDy. ChristeaIID states that his meuuremllltl of lEC input prices
exclude economic profits aDd ... tbenfore. not complrlbl. to the U.S. input price series.
AccordiDa to ChristeaIID. aD input price differential baIct OIl subtnactiq one series from the
other is invl1id. Bee,.. the input price differential (or the post-divestiture period reflects
such a comparison., ChristIDIen claims that it is invalicL

NERA poiDtl out _ the input price indexes for the telepboM iDdustry are byproducts
of ChristenlC'S UP stUdia. bee... of the metboda usid in the studies to measure
capica1 prices. IN IDCft vollli!... ordialry input price indexaZ6 NERA arpa that.
althouah the accuncy·of t.bI~ of capital priceI is 1dIq__ for c:a1culatins changes
in the lECs' UP, it is DDt ....... for c:a1culatift1 c-" in die LEes' input prices.21

Such meuunmliltl, NEllA-. In umealistically volalil.. Thus, NERA clalms, short-run
melluremelltl of tbI iaput price di1renntial are unreliable.

:J NIIA ....., 111....... scudy of post-divtllian'" buI did noc provide Illy supponlnl
swiSCicl.

:- USTA F...., I. 1995 Ex ..... p. 9.

:1 USTA FtbnJary I, 1995 Ex P-. pp. 1-9.

:. NERA Reply, pp. 2..31.

:1 NERA Reply. PI'. 2..31.
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Ad tfM In its reply, Ad Hoc submits a study by Economics, Technology, [nco (ET!):'
which~ dIM Christensen's and NERA's claim that the input price differential is zero and
should beexcludld from the calculation of the X·Factor is incorrect.;9 En maintains that the
data derived from the CbrisOMll StudiuJO show that the annual arowth rate of LEC input .
prices was 1.1 percenrJ1 duriq the 1914 • 1992 period. ETI also points out that this gro....1h
rate is significantly different from 4.6 percent.J% which ETI estimates was the growth rate of
U.S. input prices duri.nl the SIm. period.J3 Ad Hoc uses equation (6) to derive an X.Factor
of 5.2 percent for the period 1984 • 1992.3

"

ETI claims that its filUN for LEe input price II'Owth for the 1914 • 1992 period
should be coftlidlncl u reliable u the·~ UP study because the fiaure is taken
directly from that study. ETI also ... that, like Chri_'s IDIUUnIDIftt of TFP gro....1h.
it is a simple IV" for tile 1914 • 1992 period_ is bald OD data for a complete
aa8lllaQon of larp price cap companies. ratber thin • stIliIIica1 sampl•.

Ad Hoc pmer1ts I theory reprdiq why input prices for the telephone indusuy are
growinl at I slower rile thin input prices for the I ..... economy duriq the post-divestiture
period. Ad Hoc claims _ slower II'Owth is due, in PlItt to the substantial productivity and
technolopca1 pills beinI experienced in those sepaeDti of the telecollmumications industry
that supply equipmeDt aDd om. capiW resources to the LEes.JS Ad Hoc contends that the
telecommunications equipment market hu become hiahlY competitive in the decades since the

:. ED Study. pp. '.7 and pp. 10-1'.

:9 EIl Study. p. 12.

;0 Such dill includll LEC • pri_ tor me 1914 • 1992 plriod. COGtIiDId iD USTA's RaponH of the
United S*- T.I..... A_Ii.... to Ad HcIc's MOCiOIl to C..... IDd Mocioa for Extllllion of Time, June 2.
1994 (Clm'- "r'cra' Elese\.

1I ED Stwly, p•. lJ.

J1 ED So+. p. 13.

II En.... • Idr (3)..-v.. .. tCOftomic .. tram aLS to cUcul. U.S. inpuc pric. srowth of H
~ _ of left. I (3.1 ,a.) -.I u.s. m pod (0.9 ..-). Sullll.-c&y, ILS revised Its

est ofUS .........I.nl __ TPP powdl &om 0.9,,- to 0.3,,-, cbtnIty l'IisiDl Chnsteftsen's
est of_'lIP _ II .. 1.1 ...... to 2.3~ l1lilmilioa~ • otrt.ina chinI' to Ad
Hoc's cak'dedIa of_ U.s. prill powdl which decliDtt rr.. ~.6 perctiI to ~.O ptI'C*IL Subsequently.
Chri.....~ Ilia 1 11•• of dle av.... annUli c'-lt iD Lee • priCil for 1914-1m from l 1
percan to 1.7~ USTA S..., 20. 199' Ex Pan.. Ad Hoc cblla.... me validity of the chinle. Ad
Hoc February 3. 199' Ex Pant.

;. ED Study, p. 13. X (acludinl CPO) • 2.6 percent (LEe TFP powdl) • 3.7 percent (intlilion) • I t

perc:nt tLEC input pric. powdl) • '.2 percent. .

J\ Ad Hoc Febnllr)' 2. 1995 Ex PInt. p. 6.
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break-up of the former Bell System. when the ~odified FinaJ Judament's (MF1)
"manufacturiDI restriction" was imposed. According to Ad Hoc. under the terms of the \fF J.
Bell OperatiJla Companies can no lonser purchase equipment and supplies from captive
affiliates. but, instead. must acquire such inputs on the competitive market.

.-\d Hoc araues that. under competition. a firm' s output prices must reflect both
producti\'ity chanaes and input price cbanaes. A reduction of input prices reduces the cost of
producina outputs. As firms compete. output prices are driven down to their cost. Ad Hoc
concludes that "if LECs were to behave competitively, they would flow throuah declines in
real (i.e.• inflation-adjusted) input prices.,,)t Ad Hoc concludes that under competition. "an
input price deerease will be flowed throup to consumen even if no productiVity gain were to
occur."J7

AT&T Like Ad Hoc. AT&T oppotll USTA's elimination of the input price
differential in the estimate of the X-FlCtOr. ATAT...,. thai if IFP were to be used. the
TFP differential mUll blldjUltld for the ctiftenmce betMtD the chID.. in GNP-PI and actual
input price arowth.)1 ATelT would use equation (S), above. to calculate the X-Factor
(excludina the CPO) for the period 1914 - 1992 u S.2 Percent.)'

Accordiq to ATAT, the LEes' eaminp in the rlllt price cap period exceeded the cost
of capital. ATAT questions the theoretical validity of equation (3), liven that equation (3) is
true only for mIrketI in which outpUt prices are set at levels thai allow rums to eam no more
than the cost of capital. ATAT stallS that the theoretical link between Christensen' s
measurement of TFP iI'Owth derived from output and input qUllltity indices and equation (3)

is invalid.40 ATelT implies that the derivation of the X factor usiDa equation (5) is invalid.

V. Discussion

latrod.... We.. with Ad Hoc's chlnctlrizltion of economic competition. [n
competitive marUt equilibl'i-. ftnu ... zero economic profits anci revenues are equal to
economic cost. [f iDpuI priaI for finDI in the market _1iDe. competition becween existing
firms and entry by nIW Rn.. wIIicIl Ire aancteel by ecoaomic profits. forees the output. price
down to cost, which now reflects die lower input prices. This implies that a reduction of input

It Ad HoI"01_ x j A.....b_ A. p. II.

It Ad Koc""".A"Wbnear A. p. 16.

;1 AT&T Reply, pp. 21-29.

• . ;9 X. 1.7 percenc (the TFP diflNlCill) .. 3J percenc (the inpul price dift'tladal) • 5.2 percenc. The TFP
dltTerencial • 2.6 peretGI (LEe TFP powth) • 09 (ti S. TFP powdI) • \.1 peraDt. The input pricedlfferenllal
~ ~.6 percenc (U.S. input price powth) - l.l pen;enc (LEC lJ\PUC price pori)· U perclftCo

>0 AT&T Rf1)ly, Appendix C. pp. 1-9.
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of input prices will be flowed through to consumers in the fonn of reduced output pnces.

The price cap equations, descrIbed above. show that the only mechanism that tlows
changes in LEC input prices through to changes In LEC output prices is the input price
differentia1. Thus. as a theoretical matter. we believe that inclusion of the input price
differential. as specified in equation (5). for instanee. is essential to the proper calculation or
the X-Factor.

We believe that AT&T's contention that equation (5) erroneously omits a correction
for LEC protitll'Owth is unfounded. AT&T appean to be concerned that either the growth
rate in LEC TFP or the JI'Owth race in LEC input prices will be calculated usinl equation
(3). However. UDder Christensen's framework, the JI'OwUl rares for both LEC TFP and
LEC input pricll are not determined by reliance on equation (3). The X-Factor will not be
biased by the LlCs' economic proflu. Used as a "productivily offset" as in equation (4), the
X-Factor will result in outpUt prices that mimic perfect competition.

The issue before us is to make a reasonable detem1ination of the input price
diffemuial for the post-divestiture period anct. in panicu1ar, the period 1984-1990.
Specifically, we need to ccmtider wbetber USTA is correct in iu usemon that short-nm
measures of the input price differenlia1 are inaccurate and should be supplamed by a lOlli-run
estimate for use in ca1c:ulatiDl the X-Factor. We also need to consider whether the lonl-run
estimate of the input price differential is indeed zero, as USTA claims.

We beliD with ID evaluation of the evidence relardina the input price differential for
the post-divestia.are period. Oata on the TFP differential anct the input price differential for
the post-divestiture period hu been placed in the record by USTA in the CbrisrAnscn
Supplemeppl 0=, USTA JIIIUII'Y 13. 1995 Ex Parte. USTA'January 20, 1995 Ex Parte.
and the Qri.-P AftIMyjl. [n the January 20, 1995 Ex Parte aad me CbriscDMp
Affidayil, USTA filed its ... view of post-divestiture TFP and input price data. These
cWa containsi~ misionl to me eartier fiUnp. These revisioas appanmly reflect
corrections. ca-ilWl in dII Jamauy 20, 1995 USTA Ex Pane, to the Christensen UP study
which wu tiled u pari of USTA's orilinal comments. The LEC TFP JI'Owth and LEe
input price lrowdl for till poIl-elivestiture period are sipiftcandy reduced from data
concaiDed in till .mer SIIIdJ. Tbese data show that. for the eipu year post-divestiNre
period (1914· 1M>, LEC iaput prices grew at an averale annual race of 1.7 percent. while
U.S. ec:o--., ... pl'i:8lpew allD average aMual rate of 4.0 percenI. resulting in an
inpul pricII d. .,tI of 2.2 percent (rounded). The TFP differemial wu 2.1 percent.
resultiDI in. X·plCIGf of 4.3 ~t. uSll1g equation ('). Makiq tbI same calculations
for the 1984-1990 time period. we have an X-Factor of 4.8 percem. equal to the sum of the
input price differential (2.1 percem) and. TFP dtfferential (2.1 percent). see Attachment A.~l

<I Attachmeot A conWAI time-series data of annual percental_ chanles in input prices II well as other =ltl.
The entries are in seqv.enct by year. Each year's entry represents the annual percentap arowth In Input ;H,:ces
over the pnor year. For instlDCt. the 1985 arowth rate reflects arowth from 1984 to 1985. Thus. grollith ~'~:Jm
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In decidiq whether to rely on the post-divestiture period for the purpose of calculaunll
the input price differential, we are persuaded by Ad Hoc that significant weiiht should be -
placed on the tict that the LEC input price data for that period come directly from
Christensen's own TFP study. However, USTA's economic consultants have raised several
important criticisms reprdinl reliance on post-divestiture data which we need to consider
before reaching a decision.

Meuu,...at ElTOn i. til. POIt-Dtnldtun laput Price Daca. As described
above, ChristenJll1 araues that measures of the polt-divestiturl input price differential which
are basecl on a complrilon betweta input price cilia derivtcl from BLS stUdies and input price
data derived froID ChristenIIn's own studies III invalid. bectuM of differences in method. 41

We have reviewed BLS's techaicalli.... on multitictor procIuctivity ancl have verified
that ChristInIen is comet tbat profits an iDcludld in BLS's mtIMIIIleDt of capital costs.
This implia tb.II meuuremtatl of powdl ratII of U.S. m have profit embedded in them as
do, in CODJeqUl8C" meaIUrIIIlIfttI of powth rIllS of U.S. input prices which are derived
from growth rata in U.S. TFP.n However. we believe dIIC ID opposite biu of equal
masnitud. is contained in the TFP difrlnntial tb.II USTA would use to set the X-Factor. See
Attachment B. We conclude thai the sum of the TFP dift'enm:ial1Dd the input price
differential will be unbiued and tb.II the X-Factor. which equals the'sum. will be unbiased....

As described above, NERA .... tb.II meuuremtIlt problems related to capital prices
cause volatility in the input pric. ditrermtill IDd mike shan-run meuurements of the input .
price differential unreliable. NERA hu not demonstrated, however, that these measurement
problems introduce a biu into the input price series. Also, altho. NERA has shown that
the meuW'lment problems could cauIt considerable yev to yev fluctuations, NERA has not
shown that such fluetualions could mike a six yea period <..... for 1914 - 1990) unreliable.
Base<l on the record before us. we have no reuon to conclude tbal the meuurement problem
that NERA describes affects the ca1cu11aioD of input price differeatial for the 1984 - 1990
period.

[n SUIIUDII'Y, USTA's ecOllOlllic consultIDII' delc:riplioal of problems in meuuring
changes in polt-div..... prices fa to conviDce UI tbII tile problems are serious
enough to~ NjecUoa of tbe meauremeats for UIe in ca1cullliDllll X-Factor.

9 .. 'I. V__ ......... M....n ...t 01 eM lap•• Pric. ourenahaL We
next co......... we sbould rely on shon-run or lOlli-run input price data to forecast the

in th. averq. arowdI rill hill 1916 - 1990.

'1 Chriss.,. Am*YiL pp. 1-9.

'1 See eqUilion (3), abov•.

40 See eqUilion (S).
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future trmd in input prices. In particular, we evaluate USTA's view that the post-divestiture
input price difrereDtial is an aberration from an underlyina lona-run trend in which the
differential is.m. To support this view, both Christensen and ~ERA have provided studies
of input price time-series data. includina statistical tests. For installce. the Christensen
Affidayit coDtliDs input price data for the telephone industry and the U.S. economy from
1949 to 1992. Usinl this data. Christensen has performed statistical tests to see whether the
hypothesis that the input price differential is zero over the lonl-run is refutable. Based on his
calculations. he concludes that the hypothesis is valid. He also concludes that the deviation of
the post-divestiture input price differential from the lonl-run trend is not significant in a
statistical sense.

We disIpIe with this viewpoiDl for several reIIOIII. First. Christensen has not
supported his view thai. becau.tt teltpboat compuies compete for labor, capital, and other
inputS with all odler _ron of tblICODOIDY, input priCli for te1epboat colllplllies should
have the same Iq-nm tread u the emire U.S. economy.·' "aumin. dift'erem rates of
techDoIQlical c.... IIDOIII vlrioul SICtOI'I of the economy, the price of inputs to a panicular
sector simply may be ch8lilll mort rapidly thaD that of the U.S. economy u a whole. This
might be true aplCill1y for the ttltpboat iDdUllr)', in which the cost of many inputs. SaL
computers, switebll,·ad fiber opcic tlChDolOlY, Ippar to be powinIlesa rapidly than cost
of inputs for tbI U.S. economy u a whole. ChriSIenIeD hIS not offered adequate theoretical
support for his premiII tbIt telepboDt. iDdUllr)' input prices should &rOw at the same rate as
input prices in the economy generally.

Second, the various data __ pIKed on the record by USTA are not all in accord
that the 10n,-nID input price dift'..1DIial is, in fld, zero. In NERA's series from 1960 - 1992.
the input price dift'ermtial is 0.1 percIIlt." Altboqh NERA claims that the 0.7 percent
difference over the 32 yar period is not sipifiCllldy dift'erem from zero, NERA's statistical
test is not conviAciJII. NEttA's fiDdiq dill a melD of 0.7 .-cent is not statistically different
than a maD of.m is bIIICl OD a 95 perceat coaftcItnct interVal SWIdInl. We believe that
such a test is too~wa- UIId to support a bypcMbais with little tbtoretical support.
The test shows tbIt if ..a wert the tnII maD duriDI this period, a sample Man arealer or
equal to 0.1 pII'CIDl wwId occur 1_ tba approximately 15 percent of the time.·? Based on
~ERA' s evidala, ww~ it is more Holy thaD not that a number areater than zero
percent is tbI IOIII-na iDpuI price differmual.

C1Irf I pnilidl a timI-.-ies of telephone induItry and U.S. economy input price
growth,.. .... 1949 to 1992 to show that the input price differential averqes only 0.1

oJ USIA F*MM'Y I E.I Pn. p. 5. see fullquoce in commllll lICtion. abo"•.

.. See commlllt section. abo"•.

0' In oth. words, a confidence in*"al of about 10 percent nund the Slmpl.~ would not contalft zero
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percent.41 Altboup these numbers appear more consistent with a hypothesis of a zero percent
long-run price dift'erential. Christensen's time-series is completely different from ~ERA' s,
althouih both ... based on data from various studies by Christensen.·~ Christensen has
provided no jUititication for using a different version of the LEC input price series for the .
period 1960-1914 than NERA'5 version. Further, Christensen provides no justification for
using a different beginning date for the seri.s than NERA (1949 instead of 1960). Because of
these disc:repancies. we cannot accept Christensen's conclusion that the input price differential
is zero.

Third. there is evidence that the input price dift'ereDtial for the post-divestiture period
is not part of a zero lana-run ttenel. C~_ IltImptI to show that the input price
differential for the post-divestiturt period (111_ 2.6 peram) is not swistically different
than zero. We do not fiD.cI CbristeaIID's sbowial to be COllvmeiJla, for the SlIDe reasons we
found WlConvinciDa NERA's showiDa thIt 0.7 WII not stIIiIIiCllly difftnm from zero. His
finding thai a melD of 2.6 perc_ is DOt SCltislically ditI'tnnat tbID a IDeIIl of zero is based.
again. on a 95 perclllt contldenc. interVal staDdIrd. W. believe tbIt such a test is too
stringent when used to suppon a hypothesis with littl. theontical support. Looked at another
way, the test shows that if zero were the uue melD duriDa this period. a sample mean pater
or equal to 2.6 percent would occur less thIa approximMely 7.S perceat of the time.50 Based
on this fmdin.. we conclude there is evidence thai the post-divesUtuI'e input price differential
is not consistent with a lonl-run trend of zero percent.

We tesced Ad Hoc's hypotbesiJ that divestiture explaiDs why LEe input prices appear
to be growinl_ a substantially slower rate thIa economy-wide input prices during the 1984­
1992 period. See AttlCbmeIIt C. W. performed several statistical tests, all of which
confirmed the plausibility of Ad Hoc's hypo1bais. W. rep••• NERA's time series of
telephone indUSll')' input prices for the period 19S9-1992 (II updated for period 1984 • 1992
in the CMen- AftJdeyjt> .inc NERA's time seriil or u.s. input prices. interest rates.
and a binary variattle tor divestiture. W. performed tbt .. _ for Cbristtnlen's time
series of tel... COIIIpIIl)' lad U.S. iaput price cilia for tbt period 1941-1992. In both
cases. we found diVllli_ to a sipiftcam factor. W. also rep•••li the input price
differential ;- m... ,.. .. a bialry variable for divestiture, for NERA's and
Christensen's r'I,.edtrely. Our fiDdinp were tile SIIIlt II for the ftrst two tests -
divestiture to be alipifl'*lt fletor. Altho. more~ needs to be done before
we coac1_ cIiYaIituN is a major factor in slowiDa tile rare of growth of telephone
company u.- pricII, dial tIItI provide evidence that the post-divtstiturt period represents a

•• USTA Ex,.. F....., 1, 1995, p. 5. See comment s_.. above•

•, For instance. Chri.-'s powell l'IItI for tel'1'hone inchJlay input pne. ... 4.2 percent for 1960. J 9
percent for 1961. IIlCI 2.2 perctIIC for 1962. com1*'d to NERA'. powda r-. of 2.4~ 4.0 percent. Ut<1
3.1 percent. respectivety. Th...... atso serious disc:replllci. in tbI time seri. for U.S. inpuc pried.

'Q [n other words. a confidence int~at of about 8' percem around the sampl. me. would not contoun mo.
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significant break from the past.

BUId on these considerations, we believe that an input price differential based on
loni-run, pre-divestiture data is not a reasonable basis on which to calculate the input price
differential for the post-divestiture period. We believe that the input price differential for the
'post-divestiture period should be calculated usin. post-divestiture data. In particular, we
believe that the input price differential for the 1984·1990 period should be based on data from
that period.

For purpoMi of calculaliq the historical X-FlCtor for the period 1984-1990 under a
TFP framework. we conel_ that the input price ditferelltial for the 1984-1990 period should
be used. We allG conclude that tbI input price dift'fl'Ifttial for this period should be measured
as the diffaace betw.. me avenp 19 1990 LEe input price cbanl" derived from the
ChristenJlll study, IIld me av... 19 1990 U.S. input price cblDp, derived from BLS
TFP data. Relyiq onC~'s IIld BLS's IlleSt data, the X-Factor (excludin. the CPO)
for the 1984-1990 period is 4.1 percent.
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Attachment B

Profit Bias in the [nput Price Differential

For the period 1984-1992 (USTA February 1,1995 Ex Pane), Christensen calculates'
the (J. S. input price growth as

(E'1Wltion 1)

~ERA (in USTA's January 13, 1995 Ex Pane) employed equalion (1) to construct G.S. input
price arowth for the period 1960-1914, however GNP·PI wu UIICl insteId of GOp·pI. Given
that GOp·PI is the rat.I of IfOwtb of an output price index. the meuurement problems
associaleCl with profits entlrl U.S. input price IfOwth tbroup U.S. TFP arowth.

However, USTA's measurement of XUJTA as the diflenmial rate of growth of TFP.

"TFP~ - "TFpus•

contains the same distortion as the input price differential since it also relies on

computed by BLS. FurtMr. as we show below the two diItortiou ClDCtI out. Let a super­
script of • denote the ...... of profttl ill US c:alc:ulllioas. Note, all LEe measurements do

not include profttl. Lea:iDI A be the term retlectiDI tbI effects of profits. then

" WU' - ".-(11 + A-ODPPI + "TFP ·us+A •
where

For the LICs WI have

" Wl&' •"P~ + " TFpuc

Subtracting equation (3) from equalion (2), we have

16

(Equation 2)

(Equalion 3)



This implies

(Equation S)

Equivalently,

Thus. the A cmcels out. This implies that

JlpUC -GNPI'I-("W-us_" WUC') -(,,"pUC' - ""1'-"'>
which lives us a comet masunmlllt of X. where

(Equation 6)

(Equation 7)

(EqUilion 8)

Therefore. we conclude that the input price differential is. in flet. an ....tial component 0 f
the X flCtar to comet the distortion in USTA's own masurement of UP differential.
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Attacbment C
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