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noteworthy that basing the output index on marginal cost weights instead of

revenue weights would reduce the measured rate of total factor productivity

growth, since the cost elasticity weights give greater weigl:1t to output

categories that have experienced lower growth. Crandall and Galst11

estimate that using a cost-elasticity based output index instead of a revenue

based output index reduces the annual rate of telephone industry TFP

growth by 1.7 percentage points over the 1981-1 988 period. Fuss12

estimates that using a cost-elasticity based output index instead of a

revenue based output index reduces the annual rate of Bell Canada TFP

growth by 2.0 percentage points over the 1980-1989 period.

In our original study, the computation of quantity indexes for long

distance and intrastate access were obtained by dividing billed revenue by a

price index reflecting prices paid by consumers. Billed revenue is not

available from pUblicly-available data sources, however, and therefore the

FCC may not feel that the series are adequately accessible and verifiable. In

the simplified model, we construct the quantities of long distance and

intrastate access services from booked revenue. Booked revenue is

published in the ARMIS 43-02 and therefore meets the FCC criteria of

accessibility and verifiability. In Table 2 we compare the measured growth

11 Robert W. Crand., and Jonathan Galat. "ProductivitY Growth in the U.S.
Telecommunication. sector: The Impact of the AT&T Divestiture.· The Brookings .
InMttu1ton, February 1991.
12 Melvyn A. Fus•• "Telecommunications Growth In Canadian Telecommunications.·
CIOId'ln Jgyrntl gf Eggngmic;a, May 1993.
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in output when booked revenue is used instead of billed revenue. As one

can see from the table, this modification produces similar results.

Table 2
Sensitivity Analysis:

Origina. Christensen LEe TFP Study Results Versus
Use of Booked Revenue for Long Distance and Intrastate Access

1984-1993

YIaI:
1984
1985
1986
1987
1988
1989
1990
1991
1992
1993

Average, 1984-93

TFP Growth
Orlgina' Study

1.1 %
2.8%
1.8%
2.1%
2.0%
4.6%
1.2%
3.5%
2.6%

2.4%

TFP Growth
Using Booked

Rty.nue

1.5%
2.9%
1.9%
2.4%
1.9%
5.0%
1.3%
3.9%
3.2%

2.6%

,
I ~

luue 1b. What is the most appropriate measure of the cost of capital for 8

TFP study?

In our original study, we used the Moody's publ;c utility bond yield as

a proxy for the cost of capital. We used the Moody's bond yield because

(1) it is publicly available, (2) it is updated annually, and (3) our TFP results

were not very sensitive to this choice. The reason that our TFP resutts were

not greatly affected by our choice of the Moody's bond yield is that the cost

of capital does not affect the measured quantities of input for different

capital asset clas••s. and only has a slight impact on the weights given the

9
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different capital asset classes in measured total input. Therefore, total input

changes by only a slight amount.

The actual cost of capital for Local Exchange Carriers is an average of

the cost of debt and the cost of equity. In response to the FCC's questions

regarding the appropriate cost of capital, our simplified TFP method employs

a proxy for the cost of capital that includes both the cost of debt and the

cost of equity. The simplified TFP method uses the cost of capital for the

U.S. economy implicit in the U.S. National Income and Product Accounts, as

discussed in the Christensen affidavit of February 1, 1995.13 Because

capital markets are national and because the riskiness of telephone assets

and other assets in the U.S. economy are similar, year-to-year changes in

the telephone industry cost of capital should follow year-to-year changes in

the U.S. economy cost of capital. Furthermore, using the cost of capital

implicit in the U.S. National Income and Product Accounts would treat LEe

and economy-wide capital costs symmetrically. All the data used to

compute the U.S. economy. cost of capital are produced by the U.S. Bureau

of Economic Analysis and are publicly available. Therefore they meet the

FCC criteria of accessibility and verifiability.

The data that are used to calculate the U.S. cost of capital are also

relea.ed annually; therefore the cost of capital can be calculated each year

13 "An Input Price AdJu8tment Would be an In8ppropriate Addition to the LEe Price Cap
Formula: Affidavit of Dr. LauriU R. eM.ten.en on Beh.lf of the United Stat.. Telephone
AAOciatlon," CC Docket No. 94-1, February 1, 1996.

10
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in a straightforward manner. This will allow the cost of capital to be kept
i

current in the rental price equation. Table 3 compares the measured growth

in TFP when the U.S. cost of capital is used instead of Moody's bond yield ..
I

Table 3
Senaitlvity Analysia:

Original Chriatena.n LEC TFP Study R.aults Veraus
Use of U.S. Cost of Capital for Me.suring LEC Cost of Capital

1984-1993

Yo!
1984
1985
1986
1987
1988
1989
1990
1991
1992
1993

Average, 1984-93

TFP Growth
Odginal Stydy

1.1%
2.8%
1.8%
2.1%
2.0%
4.6%
1.2%
3.5%
2.6%

2.4%

TFP Growth
Using U.S. Coat of

Capital

1.1%
2.6%
1.6%
2.1%
1.9%
4.·3%
1.0%
3.1%
2.4%

2.2%

i
The FCC asks whether the authorized rate of return should be used as

the LEC cost of capital. While the FCC's authorized rate of return also

includes debt and equity components, it continues the regulatory burden of

r.prescription proceedings. Furthermore, the effort involved in these

proceedings is significant enough that they are conducted infrequently, and

therefore can lead to relatively large stepwise changes in the authorized rate l
of return. This in turn would increase the volatility of the implicit rental \

11
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prices. These difficulties with the authorized rate of return make it an

inferior alternative to the U.S. cost of capital.

To summarize, while Moody's bond yield provides a good proxy to

the LEC cost of capital for purrlses of measuring LEC TFP growth, it does

not incorporate an equity complnent. To address this concern, our

simplified metho~ uses the cost of capital in the U.S. economy as a proxy

for the LEe cost of capital. We believe that this represents the best

available measure of the cost of capital for the LEC TFP study.

laue 1c. What are appropriate depreciation rates for a TFP study?

The economic rates of depreciation that we used in our original TFP

study are based on extensive academic research. This research has

previously been summarized by Hulten and Wykoff 14 and HUlten. lli This

research points to the conclusion that depreciation for classes of assets is

geometric, and that this geometric rats of depreciation is tied to the

lifetimes of the assets in the class. 16 Hulten and Wykoff developed

economic depreciation rates for broad categories of assets, based on

expected lifetimes used by the U.S. Bureau of Economic Analysis and the

14 Ch.l.. R. Hulten end Frank C. Wykoff, "The M...urement of Economic Depreciation. II in
C.R. Hurten, ed•• QMqcjItipn. 1.011.". Ind tho TpeUon pf Income frpm Capftal.
(Wuhington DC: Urben Institute. 198U, pp. 81·126.
tI C' Rhllll.. . Hutten. -The MHeUrement of Capltll... In E.R. Berndt and J.e. Triplett. eds.
fifty yen of Economic My,woment, (Chlcego: University of Chicago Press. 1990). pp.
11S.152.
18 Hulten 8nd Wykoff found that the depreei8tion rate for equipment equals 1.65rr and the
depreciation rata for structure. equals .91 rr. where T is the expected useful life of a newly·
installed asset.

12
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U.S. Bureau of Labor Statistics for purposes of measuring capital in the U.S.

economy. Jorgenson updated the Hulten-Wykoff rates for recent changes

in the Bureau of Economic Analysis expected Iifetimes. 1
?

Based on the fact that the rates we used in our original study are

consistent with the economic literature on depreciation and because they

are based on the lifetimes currently used by the U.S. Bureau of Economic

Analysis and U.S. Bureau of Labor Statistics, we believe that they are the

most appropriate rates for use in a TFP study. Given that the Bureau of

Labor Statistics uses the same lifetimes as those used in our original study,

there exists a symmetry between our TFP study and the Bu;eau of Labor

Statistics measure of productivity for the U.S. economy. We therefore

employ the same depreciation rates in the simplified TFP method.

The U.S. Bureau of Economic Analysis reviews and adjusts its

expected lifetimes approximately every five years, in conjunction with its

capital stock benchmark revisions. It would be appropriate to adjust the

simplified TFP method depreciation rates whenever the Bureau of Economic

Analysis makes substantial revisions to its lifetimes. The new depreciation

rates would be derived from the Hulten-Wykoff formulas linking depreciation

rates to expected lifetimes.

" Dele W. JOIgenaon, -Productivity and Economic Growth,· in E.R. Berndt and J.E. Triplett,
ed•• Fifty YIICI of ECQnomic MWYflmem, (Chicago: University of Chicago Press, 1990),
pp. 19-118.

13
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The FCC asks whether prescribed depreciation rates should be used in

the productivity study. Since prescribed depreciation rates are not based on'
I
I,

economic theory or on recent empirical research on economic depreciation, \

•they may differ substantially from economic depreciation. Similarly, the

bands established by the FCC for streamlined treatment of depreciation are

not based on economic theory or recent empirical research, and therefore

the bands may not establish reliable bounds for economic depreciation rates.

In conclusion, prescribed depreciation rates should not be used in the

productivity study.

The Commission also asks whether the computation of capital input

should be based on the thirty capital accounts under Part 32 rules instead of

the six accounts in our study. We do not believe that it is possible to obtain

all the detailed data needed to construct a capital input measure based on

thirty capital accounts. Furthermore, any movement in this direction would

be in conflict with the FCC stated goal of simplifying the calCUlation .

..... 1d: What Is the molt rea.onable method to estimate capital stock?

In our original TFp· study we employed the perpetual inventory,

method to measure capital stock. The perpetual inventory method is widely
, . ~ , . ., ,. .

used in productivity research, is currently used by the U.S. Bureau of Labor. .

Statistics in all of its total factor productivity studies, and is the most

reasonable method for measuring capital stock in a LEe TFP study. In order

14
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to improve upon the perpetual inventory method, one would need to collect

information on all LEC plant and equipment, by vintage, for each year of the

LEC study. 18 The data requirements for such an approach are prohibitive.

Because the perpetual inventory method is the most reasonable approach

for measuring capital stock, we use it for purposes of measuring capital

stock in the simplified TFP method.

The proper basis for establishing the benchmark or starting value of

capital in the perpetual inventory equation is consistency with the

depreciation assumptions employed in the study. Both our original study

and the simplified TFP method are based on the economic rates of

depreciation, which are geometric rates. Therefore the starting value of

capital must be consistent with these economic depreciation rates.

Furthermore, the benchmark cannot be contaminated by changes in the

purchase prices of new assets over time.

In our original study, the LEes were able to provide us with current­

cost of gross stock estimates of end-of-year 1984 plant and equipment. 19

This provided us the basis for the benchmark. The current-cost of gross

11 For a .urvey of the methods used to construct capital stock index...... Dale W.
Joroenson. ·Capit8f u a Feator of Production.- In D.W. Jorgenson and R. Lendeu.
eda••T,gbogloqy and CtpltalFgrmdpn, (Cambridge MA: MIT Pr.... 1989). pp. 1-35. and
Cheri.. R. Hutten, -The M....ement of Capital,· In E.R. Berndt and J.E. Tripl.n, Id•• fi1tt
Ywa of EgM0mle yeewrWMDt, (Chic..,o:Unlveraity of Chicago Pr.... 1990), pp. 119­
162.1. The current-coat of gro.. stock wu also referred to lUI the replacement value of the
stOCk.

15
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stock correctly adjusts for changes in the purchase price of new assets over

time, but it does not adjust for economic depreciation.

In order to incorporate the effects of depreciation on the benchmark

value, the current-cost of gross plant was multiplied by the Economic Stock

Adjustment Factor. The Economic Stock Adjustment Factor represents the

ratio of the stock's economic value to the current cost of gross stock.

Conceptually, there is no "'choice" regarding the basis for Economic Stock

Adjustment Factor; the only appropriate factor is the ratio of the economic

value of capital stock to gross stock in current dollars. In order to measure

this ratio, one needs information on the age distribution of assets in the

telephone industry. We used best publicly-available information on the age

distribution of telephone industry assets -- that collected by the Bureau of

Economic Analysis for purposes of constructing capital stock estimates for

the telephone and telegraph industry.

Because the company's 1984 current cost of gross stock is not

obtained from a publicly-available data source, it may not meet the FCC's

accessibility and verifiability criteria. For that reason, the benchmarks in the

simplified TFP method are based on the original cost (book value) of gross

stock, reported in the Form M.20 The book value of gross stock does not

20 The benchmark i. 8Iso e8UIDIl8hed for bee'nmng-of-y••r 1988, using the Part 32
eooountlng eatagorl... Moving the benohmn to 1988 and btlsing it on Part 32 accounts
aimplifi.. the computation. procadur... 0.,. must recognize, however, thllt the beglnning­
ot-.,..,. 1988 plant and equipment reported using Part 32 atill contains assets that are
•....,. r8ther than C81Hta'lzad in IlIter yea.... Therefore ona must taka this into account
when establishing the benchmark.

18
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adjust for either economic depreciation or changes in the purchase prices of

new assets over time. Therefore the book value of gross stock needs to be

multiplied by its own Economic Stock Adjustment factor, one that

incorporates both depreciation and changes in the purchase prices of new

assets. This adjustment factor is the ratio of the economic value of the

stock to the book value of gross stock. To avoid confusion with the

Economic Stock Adjustment factor used in the original study, we refer to

the adjustment factor in the simplified TFP method as the Economic

Value/Book Value Adjustment Factor.

Neither the book value of gross plant nor the book value of net plant

can be used as benchmark values in the perpetual inventory equation unless

they are adjusted for economic depreciation and inflation in the purchase

prices of new assets. Either can be used if it is correctly adjusted;

furthermore the correctly adjusted book values of gross and net plant will

produce the same benchmark. Table 4 shows the impact on measured TFP

growth of using the beginning-af-year 1988 book value of stock to estimate

capital benchmarks.

.. .• J •

17



12/14/95 15:34 "EDIATEL FAX SERYICE-)U S WEST/Judy Brunsting
12/14/95 THO 16:46 FAX 608 231 2108 CHRISTENSEN ASSO

DEC 14 '95 04:67PM
~029

Table 4
Senaitivity Analvsis:

Original ChriatenHn LEe TFP Study R.sults Versus
Us. of 1988 B-O-Y Book Value of Gross Stock to Estimate Capital

Benchmarks. 1984-1983

YII£
1984
1986
1986
1987
1988
1989
1990
1991
1992
1993

Average, 1984.93

TFP Growth
OrIginal Study

1.1%
2.8%
1.8%
2.1%
2.0%
4.8%
1.2%
3.5%
2.6%

2.4%

TFP Growth
Using 1988 Book
V,'u. of Stock

1.4%
3.0%
2.0%
2.3%
2.1%
4.7%
1.3%
3.6%
2.7%

2.6%

In order to apply the perpetual inventory equation, book value of

investment must be converted to the quantity of investment. This is

achieved by dividing the book value of investment by a price index

representing the prices paid for plant and equipment. In our original study

this was done by dividing book value by Telephone Plant Indexes (TPls)

provided by the LEes. We used the TPls in our original stUdy because we

believed that they provided the best information on prices actually paid by

LEes for plant and eqUipment.

The TPls are based on proprietary data and therefore are not readily

accessible and verifiable. Because of the FCC's stated concerns regarding

accessibility and verifiability, the simplified TFP method does not rely on the

18
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TPls. Instead the quantities of investment are calculated by using U.S.

Bureau of Economic Analysis (SEA) price indexes for nonresidential

structures and producer durable equipment. While BEA price indexes are

not based on the prices actually paid by LEes for plant and equipment, they

provide a reasonable approximation to them.

The simplified TFP method uses the SEA telephone structures price

index for buildings and cable and wire. For central office switching

equipment, transmission equipment, and information origination/termination

equipment, the simplified TFP method uses the SEA producer durable

equipment price index for communications equipment. For general support

equipment, the simplified TFP method uses a Tornqvist index of four SEA

producer durable equipment price indexes: office, computing, and

accounting machinery; furniture and fixtures; trucks, buses, and truck

trailers; and non-residential producer durable equipment. The weights used

in the Tornqvist index are based on the book value of gross additions in

general purpose computers, fumiture and office equipment, motor vehicles,

and other general support equipment. Table 5 shows the impact on

measured TFP growth of using SEA price indexes to obtain investment

quantities.

18
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Table 5
Sensitivity Analysis:

Origin" Christen.en LEC TFP Study Results Versu8
Use of SEA Price Indexes to Obtain Quantity of Investment

1984-1993

TFP Growth
TFP Growth U8ing lEA Price

lIJ[ Qdgjnal Study Index.,
1984
1985 1.1 % 0.9%
1986 2.8% 2.8%

~1987 1.8% 1.8%
I

1988 2.1% 2.1%
1989 2.0% 2.0%'
1990 4.6% 4.8%
1991 1.2% 1.3%
1992 3.5% 3.6%
1993 2.6% 2.8%

Average, 1984-93 2.4% 2.5%

To summarize, the method and data sources employed in our original

study provided an accurate measure of LEe capitaJ stock. Because of the

FCC's stated concerns regarding the accessibility and verifiability of aU data

used to construct capital stocks, we have proposed a simplified method for

computing capital stock that is based entireJy on publicly-available data I

using the same method for measuring capital stock as our original study.

..... 18: Is the imputation of c.pital services from capital stock rather than
from capital consumption r.uonable?

Capital stock is the most reasonable basis for measuring the qu.nt~ty

of capital input, and in fact it is the standard approach in productivity

20
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research. For example, the Bureau of Labor Statistics uses capital stock to

impute capital services in all total factor productivity studies.21 The reason

that capital stock accurately represents the quantity of capital Input is that it

weights each vintage of plant and equipment by its relative production

efficiency. This means that the stock represents the total amount of capital

services that are available for production.

The FCC has defined capital consumption as tIthe loss of capital

efficiency over time. to There is no reasonable basis to believe that capital

services provided in any year equals the amount by which an asset has lost

efficiency. For example, a light bulb maintains a high level of efficiency

over a number of years, while providing a high level of service during that

time. Vet using capital consumption to measure capital services would

incorrectly imply that the light bulb has provided little service.

Both our original TFP study and the simplified TFP method use the

quantity of capital stock to measure the quantity of capital input for each

asset class. This is the accepted standard in productivity research.

laue 1f. Whet is the m08t rea.onable method for developing an implicit
rental price?

The implicit rental price formula employed in both the simplified study

and our original TFP study is rigorously developed from the economic theory

21 See U.S. ~ent of L*r, Bu,..u of Labor Statiatlca, .I!ImII in MultlfIJse1Qt
Produe:tiv!tv, 194;1-81, Bulletin 2178, September 1983, pp. 39-68.
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of capital, and provides an accurate estimate of the implicit rental price for

purposes of estimating TFP. This theory is based on a market equilibrium

relationship between the price a firm is willing to pay to acquire an asset

and the services that it provides over its lifetime. While theoretically

correct, it is recognized that the implicit rental price formula can generate

more volatility in rental prices than is found in observed rental prices.

Therefore, we have sought to reduce the volatility in our rental price

formula. Harper, Berndt, and Wood22 recently evaluated a variety of rental

price equation formulations. One method they consider is to base the rental

price equation on three-year moving averages of the cost of capital and

capital gains, instead of their current values. The three-year moving

average approach yields considerably more stable implicit rental prices than

in our original ,study. We use the three-year moving average approach in

the simplified method. Table 6 shows the impact on measured TFP growth

of basing the rental price equation on three-year moving averages of the

cost of capital and capital gains.

22 MIchael J. H.-per, Ernst R. Berndt, and Devid O. Wood, -Rates of Return and Capital
Aggregation Using Alternative Remat Price.," in D.W. Jorgenson and R' Landau. ed•••
Ttcbnology and CaDlta' EOrmetjpD, (Cambridge MA: The MIT Pre.s, 1989), pp. 331·372.

22
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Tabl.6
S.,stdvity Analysis:

Original Christensen LEC TFP Study Results Veraus
Us. of Three-Ve.r Moving Average in Rental Price Equation

1984-1993

Yut
1984
1985
1986
1987
1988
1989
1990
1991
1992
1993

Average, 1984-93

TFP Growth
Cd.al Studv

1.1%
2.8%
1.8%
2.1%
2.0%
4.6%
1.2%
3.5%
2.6%

2.4%

TFP Growth
Using Three-Year
Moving Average

1.2%
2.7%
1.8%
2.1%
2.0%
4.6%
1.3%
3.6%
2.6%

2.4%

Differences between the rental price equation in our original study

and the rental price equation in the simplified TFP method do not have a

significant impact on measured TFP growth. This is because changes in

rental prices do not affect the quantities of capital input and only have a

minor effect on the capital input weights in total input.

I...e 1g. What is the moat reasonable method for developing a labor index
for inclusion in a TFP calculation?

Economic theory holds that the quantity of labor input is related to

the hours worked by LEe employees, weighted by their relative

compensation levels. In our original TFP study we distinguished

23
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management and non-management employees, because of their different

levels of compensation. The quantity of labor input was constructed as a

Tornqvist index of management and non-management employees, using

their relative compensation levels as weights. This was the most detailed

breakdown of employee hours and compensation that was available.

Consequently it provided the most accurate measure possible of labor injut.

Even this limited breakdown of hours and compensation required 110n-
\

publicly-available data from various internal company records. In order to

achieve the FCC's objective of basing the computations on accessible and

verifiable data, the simplified TFP method bases its measure of labor input

on the total number of employees, which is reported in the Form M. While

changes in the total number of employees from year to year will not exactly

match changes in hours worked or changes in the mix between

management and non-management employees, it provides an attractive

balance between accuracy and verifiability. Table 7 shows the impact on

measured TFP growth of using the total number of employees as the

me.aure of labor input.

24



12/14/95 15:58 l1EDIATEL FAX SERVICE->U S WEST/Judy Brunsting DEC 14'95 12I4:~~M
12/14/95 THU 16:57 FAX 608 231 2108 CHRISTENSEN ASSO ~005

Table 7 ~
Senaitivlty Analysis:

Original Christen••n LEe TFP Study R.sults Versus
U.. of Total Employees to Measure Labor Input

1984-1993

Y.Ht
1984
1985
1986
1987
1988
1989
1990
1991
1992
1993

TFP Growth
Original Study

1.1%
2.8%
1.8%
2.1%
2.0%
4.6%
1.2%
3.5%
2.6%

TFP Growth
Using Total Employees

1.6%
2.1%
2.6%
3.0%
1.9%
4.1%
1.7%
2.9%
3.6%

Average, 1984-93 2.4% ,2.6%

The FCC has also asked how post-retirement benefitslill affect the

measure of labor input. Post-retirement benefits affect labor compensation

reported in the Form M/ARMIS 43-02, but it does not affect the number of

employees, which is the basis for determining the quantity of labor input in

the simplified TFP method. This means that the post-retirement benefits will

slightly increase the labor's share of total input. Since the quantity of labor

has been falling relative to the quantity of other inputs, this would mean

that the inclusion of post-retirement benefits in labor's share of cost will

slightly increase the rate of measured TFP growth.
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Issue 1h. What is the most reasonable method for developing a materials
index for inclusion in a TFP calculation?

In our original TFP study we used the Gross Domestic Product Prico

Index to reflect price trends for materials. This was done for two reasons.

First, the ARMIS 43-02 Report, which was our public data source for

materials expenditures, does not provide a breakdown of materials ..
expenditures by type of good or service. Second, information was not

available on prices paid by LEes for their materials. Because materials

expenditures are diverse in nature, and because the GDPPI reflects overall

inflation in the economy, it provides the most reasonable basis for

developing a materials price index.

Because the GDPPI is the most reasonable basis for the materials

price index, the simplified TFP method also uses the GDPPI to deflate

materials expense.

I...e 1j. Is th•• a valid distinction betw.en intrastate and Interstate
productivity for .... purposes of calculating a TFP Index and an Input price
index and. if so. does a satisfactory method exist to account for such
dlfferenc.s?

There is no valid distinction between intrastate and interstate

productivity or between intrastate and interstate input prices. This is

because there is no economically valid distinction between intrastate and

interstate inputs. Intrastate and interstate services have joint and common

inputs and there is no economically meaningfUl allocation of these inputs
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between jurisdictions: any allocation of these inputs between intrastate and

interstate services is arbitrary. We make no attempt to arbitrarily measure

interstate and intrastate TFP growth in either our original TFP study or the

simplified TFP method.

I...... 1k. Is th.re a valid diatinetion between regulated and oonregulated
productivity, or the productivity a.ociated with specific services, such as
victeo dialtone, or groups of s.rvic••, for purpo••s of calculating a TFP
index and an input price index? If so, do•• a satisfactory method exist to
account for such differences?

TFP can be calculated for specific services or groups of services only

if they do not share joint and common inputs with other services. Both our

origiAal TFP study and the simplified TFP method measures TFP for all

services that have joint and common inputs with regulated services. Under

Part 32 accounting rules. nonregulated services that have joint and common

inputs with regulated services are included in operating·'revenue and

operating expense. Hence those services were included in our TFP study.

Nonregulated services that have no joint and common inputs with regulated

services are not included in operating revenue or operating expense and

were not included in our TFP study. Therefore the original TFP study and

the simplified method correctly group services for purposes of measuring

TFP growth.
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Because of the concerns raised by the FCC regarding the accessibility

and verifiability of some of the data used in our original TFP study, we have

developed a simplified TFP method that is based entirely on publicfy-

available data. A few additional modifications to our original study have

also been made in the simplified TFP method, to address other concerni

raised by the FCC. At the same time, the simplified TFP method is I
consistent with accepted productivity measurement practices and provides

an accurate measure of productivity trends for LEes. Therefore, we believe

the simplified TFP method maintains accuracy in measurement as well ali a

proper balance between precision in measurement and verifiability

We now summarize the differences between the methods and data

sources in our original study and the methods and data sources in the

simplified TFP study:

Output. The only way in which the measurement of output in the

simplified model differs from the measurement of output in the original study

is that the quantity of long distance service and the quantity of intrastate

access service are derived by dividing booked revenue (as opposed to billed

revenue), reported in the Form M, by the price indexes for long distance and

intrastate access service.

28
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Capital. There are five differences between the simplified model and

the original TFP study regarding the measurement of capital. First, the

simplified study uses the U.S. economy cost of capital implicit in the U.S.

National Income and Product Accounts as the cost of capital in the rental .

price equation, instead of Moody's average yield on public utility bonds.

Second, the simplified TFP method uses investment price indexes published

by the U.S. Bureau of Economic Analysis instead of Telephone Plant

Indexes. The BEA non-residential structures price index for telephone and

telegraph structures is used for buildings and cable and wire. The BEA

producer durable equipment price index tor communications equipment is

used for switching equipment, transmission equipment, and information

origination/termination equipment. The price index for general support

equipment is a Tornqvist index of four BEA producer durable price indexes:

office, computing, and accounting machinery; furniture and fixtures; trucks,

buses, and truck trailers; and non-residential producer durable equipment.

The weights used in the Tornqvist price index are based on book value of

investment in general purpose computers, furniture and oftice equipment,

motor vehicles, and other general support equipment, reported in the Form

M. Third, the simplified TFP method employs beginning-at-year 1988 book

values at gross plant, reported in the Form M, in the derivation of the capital

benchmarks, instead of end-of-year 1984 current-cost of gross plant. The

book value of gross plant is multiplied by the Economic Valuel Book Value
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Adjustment Factor in order to derive the benchmark. Fourth, the simplified

TFP method uses three-year moving averages of the cost of capital and

capital gains in the rental price equation. Fifth, since some of the asset

classes have the same SEA price indexes and depreciation rates, it is

possible to simplify the computational procedures by consolidating those

accounts. This consolidation does not affect the computed values or

quantities of capital input and, therefore, does not affect measured TFP.

Buildings and cable and wire are consolidated into structures. Switching,

transmission, and information origination/termination equipment are

consolidated into communications equipment. General support equipment is

not affected by this consolidation.

Labor. The simplified TFP method bases the quantity of labor input

on the number of employees, reported in the Form M, instead of an index of

management and non-management hours worked.

Materials. There is no difference in the way materials input is

computed in the original TFP study and the simplified TFP method.

Re8ults of the Simplified TFP Method

Table 8 compares the results from the original Christensen LEe TFP

study with the results from the simplified method based on the sample of

nine price cap companies included in our original study--Ameritech, Bell

Atlantic, SellSouth, GTE, Nvnex, Pacific Telesis, Southern New England,
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Southwestern Bell, and US West. Table 8 shows the annual rates of growth

in total output, total input, and TFP. In the original model, LEe TFP war

found to grow at an average rate of 2.4 percent per year over the 1984-

1993 period and 2.8 percent per year over the 1988-1993 period. Using

the original nine companies, the simplified method results in average TFP

growth of 2.9 percent per year over the 1984-1993 period and 3.0 percent

per year over the 1988-1993 period.

Table 8
Comparison of LEC TFP Growth for Nine Companies in .Orlgina. Christensen

LEC TFP Study:
Original Results Versus Simplified Method

1984-1993

1984
1985
1986
1987
1988
1989
1990
1991
1992
1993

Total Total Total Total TFP TFP
Output Output Input Input Growth Growth
Qrjginal Simplified Odginal Simplified Original Simplified

2.4% 2.8% 1.3% 0.6% 1.1% 2.2%
3.0% 3.1% 0.2% 0.8% 2.8% 2.3%
3.7% 3.8% 1.9% 1.1% 1.8% 2.7%
5.2% 5.6% 3.1% 2.0% 2.1% 3.5%
4.8% 4.6% 2.7% 2.8% 2.0% 1.8%
3.7% 4.1% -0.9% -0.2% 4.6% 4.3%
2.3% 2.4% 1.1% 0.6% 1.2% 1.8%
1.9% 2.3% -1.6% -0.9% 3.5% 3.2%
3.6% 4.2% 1.0% 0.1% 2.6% 4.1%

Average
Growth
1984-93
1988-93

3.4%.
3.3%

3.8%
3.6%

1.0%
0.5%

0.8%
0.6%

2.4%
2.8%

~ 2.9%
3.0%

I,
Table 9 shows results for 1988 through 1994 with Lincoln and Sprint

added to the sample. The starting y••r for the simplified study with the
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expanded sample of companies is 1988 rather than 1984 to eliminate

adjustments required to 1984-1987 data because of the Uniform System of

Accounts Rewrite (USOAR) that took effect in 1988. The expanded sample

also contains results for 1994. Using the expanded sample of companiTs,

the simplified method produces average annual TFP growth of 2.9 perc,nt

over the 1988~1993 period.. Over this same period, U.S. economy TFP

growth averaged 0.1 percent pcr year, resulting in a TFP growth differential

between the LEes and the U.S. economy of 2.8 percent for the 1988-1993

period. For the 1989~1994period, LEe TFP growth averaged 3.1 percent

per year, U.S. TFP growth averaged 0.3 percent per year, resulting in a TFP

growth differential of 2.8 percent.

T-.e9
LEe TFP U8ing the Simplified Method

Reaults for Expanded Sample of Eleven Price Cap Companies
1988~1994

YaI:
1988
1989
1990
1991
1992
1983
1984

Total Output Total Input
Growth Growth TFP Grow~h

4.7% 2.9% 1.8%
3.8% 0.0% 3.8%
2.7% 0.7% 2.0%
2.0% -1.6% 3.5%
4.0% 0.3% 3.7%
3.8% 1.4% 2.4%

Average Growth
1988-93
1989·94

3.6%
3.3%
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