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1919 M street, NW
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Dear Mr. Farrell:

GTE Service Corporation
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Washington, D.C. 20036
202 46:J~,290

As per your request, I am enclosing a copy of an economic evaluation of Version 2.2 of the
Hatfield Model. This evaluation was conducted by Timothy J. Tardiff of NERA for GTE.
It was filed along with Mr Tardiff's attached testImony before the California PUC
recently.

Please let me know if you have any questions. A copy of this letter and its attachment will
be submitted for the record as an ex parte filing

Sincerely,

Whitney Hatch
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c: FCC Secretary
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GTE CALIFORNIA INCORPORATED

RE8UTTAL TESTIMONY OF_.Q!k TIMOTHY .J. TARDIFf

Pleas. state your name and business address.

My name is Dr. Timothy J. Tardiff. I am a vice

5 President at National Economic Research Associates (HERA),

6 1 Main street, Cambridqe, Ma.sachusetts 02142.

7 Q. Are you the .am. Timothy J. Tardiff who submitted

8 opening testimony on behalf of Pacific Bellon the SUbject of

9 imputation on June 14, 19967

10

11

12

A.

o.
A.

Yes.

What is the purpose of your testimony?

GTE California Incorporated (GTEl has asked me to

13 respond to Or. Mercer's testimony! which introduces the

14 Hatfield Model into this proceeding.

15

16

Q.

A.

How is your testimony organized?

Because the bulk of Dr. Mercer's testimony consists

17 of the documentation of the Hatfield Model that

18 AT'T Communications of California (AT&T) and

19 Me! Teleco..unications Corporation (MCI) provided to the

20 Federal Communications commission (FCC) on May 16 and 30 of

21 this year, I have attached a copy of my report that evaluates

22 the Hatfield Model as described in that documentation. My

23 report, entitled "Economic Evaluation of Version 2.2 of the

24 Hatfield Model" is attached to this testimony as Attachment 1 ..

25 GTE 'telephone operations had originally engaged me to prepare

26 this evaluation upon reviewing the submissions to the FCC, and

27 expanded the scope of that engaqemer.t upon submission of the

TAIUlIFF. ,.b - I··



1 Hatfield Model in this docket.

Z Q. Please sum-arize your tindinqs.

3 A. A concise summary of the findings from my evaluation

4 is contained in the Executive Su-mary of my report. The

5 Hatfield Model violates this Commission's consensus cost

6 principle., is inconsistent with sound .cono.ies, and produces

7 results that qreatly understate the coat of producing local

8 exchanqe carrier services and unbundled network elements.

9 Q. Does this conclude your testimony?

10 A. Y•••

.... 2 -



ECONOMIC EVALVATION OF VERSION 2.2 OF THE
HATFIELD l\IODEL

by

Timothy 1. Tardiff, Vice President

National Economic Research Associates
One Main Street

Cambridee, MA 02142

Prepared for GTE

July 9, 1996



EXECUTIVE SUMMARY

Version 2.2 of the Hatfield Model is fundamentally flawed. and therefore does not provide
reasonable estimates o(the costs of incumbent local exchange carrier (ILEC) network elements.
Particular shoncominp of the model include the followina.

• The assumption tbal all volumes currently served by toeN exchange carriers will be served by
a brand new entrant that instantly materializes is inconsistent with both reality and sound
economiC5. AccordinaJy, costs based on such a model will not be representative ofthe costs
incumbent LEes incur providing services and unbundled networks components.

• The model employs approximations that produce serious inaccuracies when the relationships
upon which these approximations are based depart from their historical relationships. For
e:wnple. the model estimates the costs of installinl cable facilities as wen as the structures
for cable facilitiu by using nudtiplicative factors applied to the price of the cabJe itself As a
result. the model has the undesirable property that a reduction in the cable price itself causes
the total cost ofcable.related investment to fall proportionately.

• The inputs (e.g.• central office equipment prices) are consistently lower than what local
exchange companies actually pay.

This report evaluates a number of specific shortcomings of the model, including (1) the use of
multiplicative factors to estimate the cost ofinstallation and structures for loop plant, (2) the use
of Census Blodc Groups to represent distribution plant, (3) utilization (fill) factors, (4) the
understatement of local switching costs, and (5) the understatement of the cost-of-upital and
the rates of depreciation that will prevail under competitive conditions when network elements
are offered on an unbundled basis. The cumulative impact of these various effects is that the
Hatfield model understates the cost of loop plant by at least SO percent and the colt of local
switchina by at least one-third. Stated on a per line per month basis, the Hatfield model
understates loop and local switching costs by about $8.00

Of course, the ultimate concern is how network elements are unbundled in a way that promotes
competition. Baing prices on costs that no real-world provider could hope to meet is anti­
competitive, because it would stifle, not promote the most effective type of
competition--faciJities-based. In addition. requiring incumbent LEes to seU inputs at non­
compensatory rates would have the deleterious effects of forcina whatever captive customers
that may remain to subsidize the below-cost input prices and/or severely handicapping firms that
represent a substantial proportion ofthis dynamic industry



I. INTRODUCtION

In its May 16. 1996 comments and May 30, 1996 reply comments in the Federal

Communications Commission's (FCC) Local Competition {nv.cigation, AT&T introduced

Version 2.2 of tile Hatfield model. l On 1une 14, 1996. AT&T and Mel filed the same model in

the unbundling proceeding in California.:Z The purpose of this piper is to demonstrate that the

Hatfield model does not provide reasonable estimates of the costs of local exchange company

(LEe) network elements, either for LEes in general or any particular LEe, because (1) the

model departs from fundamental economics in a number of significant ways, (2) contains a

number of inaccuracies in execution that depart from reality, (3) produces results that are

inconsistent with what can actually be observed, and (4) implies a fantasy version of both

regulation and functioning markets.]

Particular shortcomings ofthe model include the following:

• The assumption that aU volumes currently served by local exchanae camers will be served by
a brand new entrant that instantly materializes is inconsistent with both reality and sound
economics. AccordinaJy, costs based on such a model will not be representative of the costs
incumbent LECs incur in unbundling their networks

• The model employs approximations that produce serious inaccuracies when the relationships
upon which these approximations are bued depart from their historical relationships. For
example, the model estimates the costs of installing cable facilities as well as the structures
for cable facilities by using multiplicative tactors applied to the price of the cable itself ~ a
result, the model has the undesirable propeny that a reduction in the cable price itself causes
the total cost ofcable--related investment to ran proportionateiy.

• The inputs (e.g., central office equipment prices) are consistently lower tban what local
exchange companies actually pay.

1 The Hatfteld model illOmcwbat of a movin. tarlCt. For example, Mel iJJtroduc:ed • dift'crcnt C"'jrccnfield")
vcnion of the model in ita May 16 COmmcDts (Hatftcld ASIOCiates, IDe., 1be COIl of Basic; Network Elements:
Theory, ModcIi.... aDd Policy Implications"). Versions of the model have received extensive attention in
ongoing \l!livcrsal servi~ aM \IIIbundlinl proceedings in CalitomJa.

1 I u.oderstand that the model bas been flied in a number ofotber 8UICS as well.

1 Given the ~t n:~ 0( the H.adicJd model, my evaluation is preliminary in nature. As I llDderstand i I.
WOOODJ vcnioRl of the modd only bccaJnc available OD June 21. BccalllC the model is cxr.remely complex and
the compuacr harctware reqW.remenu are extenlivt, a thorough evaluation is neccaarily time-<:onswning and
not poNiblc within the time period available for my evaluation.
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II. ECONOMIC THEORY

Th~ Hatfield model dOGumentation characteri7.es the model as "scorched nodett-it

starts with the existing locations of central offices, then builds a brand new syStem

instantaneously from the ground Up.4 While proponents of this approach claim that it

approximates the textbook definition of lona-run cost, it is grossly at odds with how real

businesses incur costs, especially capital.intensive firms that expand their facilities by adding

capacity in discrete modules.' Almost five years ago, Professor Alfted Kahn advised the FCC of

the need to employ a realistic and practical perspective

In strict economic terms, the concept of lona-run marginal costs relates to a
hypothetical situation in which ill inputs are variable, and a supplier confi'onts the
possibility of installing entirely new facilities, in effect trorn the grour.d up. And
the urnlfJinal" relates to the incremental cost of a sinjle unit of output. The
concept of lon,-run incremental cost, in contrast, is more prqmatic: it takes a
firm's put history u aive~ does not assume that it is writing on a blank slate,
but recognizes that it will ordinarily be plannina the installation of new capacity,
at whatev~ that additional investment win cost given its current situation, and it
spreads the costs over eitber the total output of that additional capacity-in that
sense it is a kind of average incremental cost--or over the additional output that
is likely to be induced by a price reduction under consideration (or curtailed in
response to a price increasel

An additional difficulty with the Hatfield scorched view ofthe world is that it ignores the

fact that in an industry with technological progress, which clearly characterizes

• A n\lI11bcr of lon.-naD UsaaDncaI COlt ssndies performed by local cxcbaDae carrien have employed a ctiffcrent
version 0( the "lCOrcbed ftOde" aaumption. For t.,,*mple, Pacific BelJ and GI'B have developed COltS based
upo1l COIl5ClllSUl COItiJtI prilldplel adopted by U1e California Public: Utilitic$ Commission. The Hatfield model
depuU from tbJ: California pri.acipla in at Icast two sipifica.nt way.: (I) Hatfield only uses the exi.in,
locatiOllS ofcmtra1 odlces. while the c.Jitomia principle. require that the e:lriJtiDllocauon of outside plant be
used .. well aad (2) by JlOIitiD( an instantaneous network. the Hatfield version of "scorched node" ignores the
impec:t ofchanp ia demand 00 COSl.

S Even the thcoretiQ) ddl.nilioo mUit be conditioned by reality. For example. Profe8lOl' Varian has noted: "1.mIg
fUJI and sIaoa1 naa are of ooane reJ&tive conc::epts. Which f.,.;tors ate cocatidered variable aad which ate

couidercd fixed depeuck on the twticular problem beinS aoa1yzed. You IDU8t conaiclea- over what time period
you wish 10 ....ty. the fina', ~lor lU2d then ulc what fllcaon C&D &be finn adjUlt duna, that eitD8
period. to H.I R. Varia, Mit:r'tMCOltOftlic Ana/yll.1. Third Edition, New York: Nortoll, 1992. p. 66.

to AtYidavit of Alfred E. Kahn. Before the Federal CommuniC3tions Commission, In the Matter of Expanded
[nterconnection with Local Telephone Company FaciJIIIC'S. CC Docket No. 91-141, August 6. 1991.



telecommunications, no company would set prices bued upon such costs. The feason is that

when technology advances, a new entrant taking advantage of latest technologies would drive.
prices down. Basing prices on the Hatfield view of the world would never recover costs.

Professor Kahn &nd 1 noted this phenomenon in our recent reply declaration as fonews:

In a world of continuous technolosical pr~ it would be irrational for firms
constantly to update their facilities in order comp&cteb' to incorporate today's
lowest-eost technology, as thoup swtina nom scratch: investments made
today. totally embodying todaY'. molt modern technololY. would
instantaneously be outdated tomorrow and, in consequence, never earn a return
sufficient to justifY the investments in the first place. For this reason, as
Professor William 1. Fellner pointed out many years 180, firms even in
competitive industries would systematically pndiee what he calls "anticipatory
retardation," adopting the most modem technology only when the proaressively
decliniRj real costs had fallen sufficiently below currently prevailing prices as to
offer them a reuonable expectation ofearnins I return on thOle investments over
their entire economic life. In consequence even perfectJy competitive prices
would not be set at the level of these (totally) current cosu-unless, to puc it
another way, the caJcu1ated costs of the new plant included an extremely high
rate of return and of depreciation, in reflection of the exposure of any such
investments to costs and prices progressively declining in real tenns over their
life.'

The Hatfield model' 5 scorched approach to cost modeling essentiaUy assumes that an

LEC's entire demand for telephone services is constantly up for arabs. In effect, the succession

of incumbent LECs would hand over their entire business to the MWcomer, which in tum would

instantly size its plant to perfectly accommodate this demand, taking advantage of aJl the

economies that come with serving the demand with perfectly sized facilities obtained at the

maximum vollltTle discounts. It would be nice if the world worked this way, because we would

aJllike to pay less for what we consume. Unfortunately, it does not A real firm grows to meet

demand as it materializes, A! such, it adds capacity taking into account the trade-oft' between

the [ower per unit costs of bigger modules (e.g., larger cable sizes) and the costs of carrying the

unused capacity that deploying larger modules would entail

7 Declantion ofA1f'Rd E. Kahn 8Dd Timothy 1. Tardltf'. Before the Federal Communications C4l1lJ1lission, In the
Matter «Implementation of the Local Competition ProvisioN in the TeJ.ccommunkationa Act of %996. CC
Doc:ket No. 96-98, May 30, 1996. (foocnote omiued). ProCeuor Jerry Hall"""S replya1JidaYit, tiled in Itu.
docket 011 the same day, makes a similar point in the c"nlext of depreciation. Profcuor Hausman's {indIO"
-.,;till be di5CU..ued later when depreciation i,sues are addressed
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In short; the Hatfield model creates a world in which the best of both competition and

monopoly supply prevail.
•

• The firm enjoys the economies of scale ftom deploying laraer modules and the high
capacity utilization from efficient inventory management.

• The firm is subjea to the cost reducing doets of usinl the latest technology, while
at the same time its equipment depreciat:s at resulatorily·praeribed ratcs and its
colt-of-eapital is the same ... for reaul.ted utilities and it is paranteed the full level
ofdemand that 11 monopoly carrier would enjoy.

III. SPECIFIC COMPONENTS OF HATFIELD MODEL

The Hatfield model reports results for several networks components: (1) loops, (2) local

switchins (3) signalina. (4) transport, and (5) operator System.. Because the first two

components constitute a substantiaJ proportion of the total cost and have been subject to more

extensive examination in the California proceedings than the other components, my review

focuses on these components.

A. Loops

For the molt pan, the Hatfield model's development of loop costs relies on the

Benchmark Cost Model (BCM), which has been filed with the FCC by Mel, NYNEx. Sprint.

and V.S. West. The SCM identifies geographic areas whose costs of buic residential access

service are relatively high or low cost. The sponsors describe their model as follows.

The HCM does not define the actual cost ofany telephone company, nor the
embedded cost that • company might experience in providina telephone service
today. Rather the BCM provides a benchmark measurement oCtile relative costs
ofserving customers residing in given areas. i.e., the CBGs [Census Block
Groups).'

What is noteworthy about this description of purpose is that the costs that the BCM

produces are not the actual costs of any particular company. Despite this acknowledgment by

• Mel Telecommunications C~ NYNEX. Corporation. Sprint Corporation, and US West Inc..
"Benchmark eo. Model," Submitted to the FCC, CC Docket No. 80-286, Sept~r 12, 199', p. 3.



the BCM's sponsors, the proponents of the Hatfield model incorrectly propose to use parts of

the HeM to produce aetwl1 prices for the incumbent LEe's unbundled elements.
I

The SCM starts with the current locations 'Jf the LEe' 5 central offices. The model

construet3 loop plant (feeder, distribution. and associated structures) from the \:entral office

locations to the households in the CBG by means of specific eaaineering rules, e.g., the lines

served by a particular central office are the fesult ofusigrUna CBOs to the closeJt wire <;enters,

Thi, assignment does not necea5lrily u5ign the household.. within the CBG to the

wirecenter that actually serves them. For example. in CaJifomia, Pacific Bell and GTE have

found that the BOt Ua18J1S sublltantiaJ percentages of households to the wrong wirecenter. AJ

a result, the network represented by the HCM depans from the LEes actual network. The

Hatfield model's proponents may argue that the HCM has usigned households more efficiently

than the LEes have. A more likely explanation is that the extremely abstract representation of

the network-a featureless plain9-ignores real world constraints, such u physical barriers. e.g_,

rivers, lakes. and lUlls, between I eBG and its closest centraJ office.

Because the BCM assumes that loop facilities are installed instantaneously, the model

selects the largest available cable sizes to serve a given static volume. In contrast, because real

networks evolve as demand grows and changes. firms face. trade..off between deploying larger

cable sizes (and enjoying the economies of scale that result at or near fuO capacity) versus using

smaller sizes. thus reducing the carrying costs of the extra inventory that large cable si:z;es entail.

In this regard, the BeM may underestimate loop cost, because it could assign largerl1ess costly

facilities (on a per-unit bais) than an efficient firm would deploy. Such "savings" are illusory.

not real. What has been left out ofthe HCM is the carrying charges on the unused capacity that

the larger cable sizes would require for several years, until actual demand ma.terializes.

As part ofmy on80ing evahJation of the BCM, I have identified a number of calculations

built into the BCM that can produce inaccurate estimates of efficient loop costs.

9 The only distiquisbins characteristics are a number of topological factors used to estimate the cost of
installation aud support .uuetuKs.
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1. I-Itdation and Structure Multiplien

For loop plant, both feeder and distribution, the SCM caJculates the investment costs of

installation and structures by multiplying the cost of cable by faetors that represent the

installation labor cost and support structure investments. While properly developed factors can

give reasonable representations of average instaUation and structure coltS if current conditions

are similar to those from which the factors were bued, there are two features of the BCM that

make these factors problematic.

The first problem comes from the fact that changes in the cost of cable pass through

directly into chmsel in the cost of installation and structures. In other words, the model would

predict that two otherwise identical areas would have different installation and structure costs if

they were served by companies that paid different amounts for their cable. Similarly, the model

would predict that cost of installation IUld structures would decrease when a company is able to

secure a better discount on the cost of the cable itself

If installation and structures were a modest proportion of total loop investment, the

conceptual problem with the multiplier, albeit troublesome, may not have I large impact on

estimated total costs. Unfortunately, installation and structures account for a substantial

proportion of the investment cost of loop plant. For example, GTE's calculations indicate that

the cost of feeder and distribution cable accounts for only about IS percent of its total loop

costs. Similarly, Pacific Bell recently reported that structures and installation account for over

80 percent oftheir loop cosu. implyina that cable itself lC<:Ounts for less than 20 percent of loop

costs. IO That is. because structure and installation costs appear to account for a majority of loop

costs. the use of structure multipliers is truly an example of the tail wagging the dog.

To illustrate the inaccuracies that arise from using factors to estimate the bulk of

investment expenses, GTE compares the outcome of BCM to its own actual costs when the

price of cable is halved The BCM reduces total loop investment by 37 percent. l1 In contrast,

10 Openln. Brief otPacific Bell, Before the California Public Utihtie. Commiaion, Rulemakinsflnvestigation on
the Commission's Own Motion into Universal Service and to Comply with MandateI of Assembly BiU 3641.
R.9~.o1"()2011.9~4)14)21, JUDe 4, 1996.

11 The reduction in toeal cost is less than SO pen:ent, beca~ loop COSUi also include fiber electronics. the costs of
which vary independently with cable cosu in the SCM
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GTE estimates that its actual CO!!t would decline by only 7 percent. The difference between

these two outcomes, of course, comes from the fact that the HeM reduces the cost of

installation and structures proportionately with the cost of cable. which simply does not happen

in GTE's own operatioM.

2. Modeli_1 DiltrilMltioa Facilities

The BCM constructs faer plant from the central office to the edae ofthe CRG. AU

loop plant within a CBG is illUmed to be distribution plant. The BCM UlUmes that CBGs are

square in shape and that households are uniformly distributed over the area of the CBG, neither

ofwhich is true ofreaJ CBGs. The BCM also uses an abstract representation of the distribution

plant within a C8G. CBOs have exactly four distribution cables of length equal to three-fourths

ofthe square-root of the area ofthe CBG 12

The abstract representation ofdistribution plant can produce results that differ from

reality, Le., loop lengths can be maccurate, cable sizes can be incorrect, and the number ofcables

within a CBG can differ from the four cables assigned by the HCM.

First, as (he sponsors of the CBG acknowledge, in sparsely populated areas, the unjfonn

distribution assumption can cause substantial errors in cost estimation. 13 The basic problem is

that the average loop length depends on the distribution ofhouseholds within an area. When the

assumed distribution differs from the actual. an average based on the former wiU be inaccurate.

Second, although the BCM documentation describes CBGs as containing on average

400 househ.olds, there is. in fact. considerable variation in the number of households within a

CBG. The. consequence is that CBGs with a large number ofhoustholds exceed the size of the

distribution areu that at least one LEe, Pacific BeU, employs. In tum, the BCM allows larger

copper cable sizes than that LEe actually employs In particular, Pac:me's maximum feeder

cable is 3,600 pairs (GTE's maximum size is 3,000 pairs), compared to the 4,200 maximum in

the RCM. FOT distribution cable, the corresponding values are 1,800 and 3.600 for Pacific and

the aCM, respectively If support structure can accommodate larger cables, there are

economies in larger cable sizes. Because Pacific has found that its support structures cannot

12 The model aaumcs that CBGs are square. Therefore. the square rOO( of the area is the side of the square

13 BCM, p. 38.
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accommodate the largest cables assumed by the BeM, the BCM's usumptions would

understate the true cost ofPacific's loop plant
•

Third, the use ofexactly four distribution cables in the SCM can cause substantial bias.

To see how this abstract representation of distribution plant may introduce distortions, observe

tint that there are two basic cost drivers of distribution (and feeder) installation and support

structure: (1) sheath miles and (2) pm miles. Further oMel"\'C that BCM estimates the cost of

installation and structures by applying multipliers to the price ofthe cable itseJi Accordingly, if

there are more than four distribution cables, the SCM will understate the costs that vary v-.ith

sheath miles.

A hypothetical example will iJlustrate the problem. Consider an area requiring 1.000

loops with an average distribution length of 5,000 The following prices prevail:

CabIe1
.: SO.OI (per pair foot)

InJtal1ation and structure cost (per pair foot): $0.02

hutalJation and strUCture cost (per sheath foot): $5.00

The number of pair feet is 5,000,000 0,000 loops x 5,000 feet). The number of sheath

feet is 20,000 (4 sheaths x 5.000 feet). Therefore, the distribution investment is

Cable: $50,000 (5.000,000 pair feet x SO.01)

Installation and structure (pair-feet driven)· SJOO,OOO (5,000,000 pair feet x $0.02)

Installation and structure (sheath-feet driven): 5100,000 (20,000 sheath feet x S5.00)

Total cost: $150,000

If the area were actually served by eight cablts, rather than the four specified by the

ReM, sheath feet would increase to 40,000 and total cost would increase by $100,000, which is

40 percent higher than the costs produced by the BCM

In fact. GTE examined the impacts of doubling the number of distribution cables,

accounting for installation and structunl costs the way they are actually incurred. The estimated

in<;cease in cost was 49 percent, which is considerably higher than the 17 percent cost increase

produced by the HeM. The HCM figure accounts primarily for the Joss in economies of scaJe

I. This is roupty the 00IIt per pair-foot for cab'csizu in the 1000 pair raoge reported in the Hatfield Model
docwncntaUOIl. As a simpli&ation" I assume that changing the Dumber af10llres does not cbange the reqUIred

capadty or cabJe size, so that the same unit price is used
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due to deployment of smaller cable sizes (and possibly lower utilization because of the

modularity of extra ~ity) and thus ignores the bulk of the extra structural costs that would
•

be incurred in deploying nlore, less dense distnbution cables.

Finally. the representation of the interface between the distribution cable and the

subscriber (the drop wire and mbscriber temtinaJ) is not described in the Hatfield model

documentation. I! The cost usurned for drop wire may be inconaittent with drop wire tenams

that are compatible with the use of four distribution cables. For example. under a panicular

geometric representation of the distribution cables and drop wire, I estimate that the average

drop wire length would be about 2~ percent of the distribution cable length. In contrast, GTE

estimates that the cost employed in the Hatfield model implies a drop distance of only about 25

feet, which is considerably shorter than 25 percent of the average lensth of distribution cable.

For example. for a low density CBG of one square mile, one·quarter of the BCM's distribution

cable length is 3/16 ofa mile. GTE estimates that the drop wire investment for this length to be

about $1,700. This is equivalent to a monthly COllt of $32, ~h is about SS percent of the

Hatfield model's loop cost in the lowest density group (0 " 5 households per square mile) in

California.

The abstract nature of the BCM'5 distribution model is of more than academic interest.

In the network cost elements reported in the May 30 documentation, distribution plant

accounted for 43 percent of the total cost of switched network elements in California.

Percentages are similar in other states, e.g., distribution plant accounts for 5I percent of

Hatfield's total COlt for switched network elements in Texu.

3. FiB Facton l
'

Because telephone clpKity is modular. i.e., it comes in sizes greater than a. single unit,

there is more ca.pacity in place than volumes in service. Capacity exceeds volume even when the

IS Tile Halfield model lw iBCluded tbe8e c:osts, which were not i~ludcd in the BCM The model employs
avera,e colts fur the drop wire and the netWOr1e interface ~ce, which can be chaDpd as a user input.

\15 A theoretical discuaaion oItbese issues appears in Richard D. Emmerson, "'Theoretical Foundation o(Network
Casu." in W. PolJard. editor. Marginal Cost Tec1"'ique,v [.?r Telephone &",ices, National Regulatory Research
Instihrte, 1991,pp, 145·189
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most efficient engineering practices are followed The ratio of volume in service to capacity is

the fill factor.

The spare capacity represented by a fill factor less than lOis a current economic cost of

providing service. In a previous evaJuation of the HeM, I participated with Pacinc Bell's cost

experts in reviewina that model. 1'7 As part of their review of the BCM engineerins rules,

Pacific's experts compared the model's fill factors with the actual fill factors that would result

from the best enaineerirJl practices. In general, the ftll factors for feeder plant in the SCM were

moderately higher than best practice and the fill factors for distribution plant in high density

areas were subltantially higher than best practice, Distribution fiI) factors are relatively low

because of the high cost of addina capacity after the support structure has been built.

Accordingly, capacity for an indefinitely long planning horizon is installed initially and utilization

of that ~apacity is low as a result.

Unfortunately, Version 2.2 of the Hatfield model has increued the already somewhat

high distribution fill factors in the original BCM, as shown in the table below This would cause

the underestimation of loop costs to be even greater

BCM H.tfleId

Density Zone Feeder Distribution Feeder Diltribution

1 0.65 0.25 0.65 0.50
_.

2 0.75 0.35 0,75 0.55

3 0.80 0.45 0.80 0.60
.__.- -"._-

4 0.80 0.55 0.80 0.65

5 0.80 0.65 0.80 0.70
._-_.. _._,_.-

6 0.80 0.75 0.80 a.1S
..

11 Timadly J. TarcWf. "EvalUliion of the Benc:Mwk CO'( Model," prepared on behalf of Pacific Bell, for filing
with the califotnia Public Utilitka Conuniuion, RuJemakinFlnvatiption on the Conuni8lion's Own Motion
into UnivenaJ Senric:e and to Comply with Mandates of Assembly BiU 3643, R.9S..() 1.02011.9S~ I~21.
December 1, 199j.
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The Hatfield model's use of unrealistically high filt factors causes costs \0 be understated
•

ill twO ways. First. because (J) the fin factor, in part, determines how much cable is needed and

(2) the cost of all the associated instaJlation and structures are estimated by multiplicative

factors, overestimation of the fiJI factor will eawe an unre.listicaJIy large drop in the Hatfield

model·s loop costs. II Because a hiaher till factor would produce less cable investment, the

Hatfield model produces proportionately leu installation and structure investment as well. In

reality. even if the Hatfield fill facton were realistic, the savings in installation and structure

would be considerably lea than proponionate, e.g.. a smaller cable would be placed in the same

conduit.

Second, the Hatfield model appears to be based on the belief that competitive firms

would have minimal spare capacity. In this regard, the FCC's finding on spare capacity L.'l

interstate long-distance, which was one of the bues for granting AT&T non-dominant status,

contradicts this apparent belief:

AT&:T useru, and no one disputes, that Mel and Sprint alone can absorb
ovemiaht as much as fifteen percent of ATilT's total 1993 switched demand at
no incremental capacity cost~ dw within 90 days Mel, Sprint, LDDS/Wiltel,
using their existing equipment, could absorb almost OC1e-third of AT&cT's total
switched capacity; or tba1 within twelve months, ATetrs larlest competitors
could absorb almost two thirds of total switched traftic for a combined
investment of S660 million. Thus, AT&T's competitors possess the ability to
accommodate a substantial number of new customers on their networks with
little or no investment immediately, and relatively modest investment in the shon
term. We therefore conclude that AT&T's competiton hive sufficient excess
capacity available to constrain ATleT's pricing behavior J9

To cast the FCC findings in terms relevltlt to the current discussion, note that Mel

and Sprint combined lie roughly one-half of AT&T' 5 size. Overnight they can absorb 15

percent ofAT&T's capacity. This implies that Mel and Sprint have at least 30 percent spare

capacity that could be deployed overnight.

II For example. GTE .found that decreuing the fill factor by 20 percent iDcl'CllllCS loop iD.~nt by 11 percent
in the Hatfield model. nail sensitivity at total investment to the fijI faaOf is extreR1C, becawIc apan from
savinp in the cable iuelf, there wouJd bt very little savinp in other auociatcd c»su.

19 Federal CommwUcation Ccmmission, In the MAtter of Motion of AT&:T Corp. to be Rcdassific:d as a Non­
Dominarlt Carrier, FCC 9~-427,October IS, 1995, paragraph '9



The implication of these findings is that, if anything, competition may require more,

rather than Jeas spare capacity to be flexible enough to respond the vicissitudes of the market.

Failure to recover l~ current revenuu the current cost of business caused by the spare

capacity necessary to operate in the competitive environment would be detrimental to the

shareholders of such companies, perhaps even forcing some ofthem out ofbusiness.

B. Switehina

Version 2.2 of the Hatfield model systematically understates the colt ofloca! switching.

By selectively using heavily discounted prices for new switches and by assuming that a local

service provider would instantly instill all of the switching capacity it needs at once, the Hatfield

model produces results that are substantially lower than the forward-lookinS local switching

costs that real telephone providers acTUally incur

Hatfield deveklped a relationship between switching cost per line and the size of the

switch by piecing together infonnation from various sources. In particular, the algorithm is

driven by three data points constructed as follows.

• Small switch: the cost per line ($241 for 1994) wu taken from the Northern Business
Information report on the averasc cost of new lines for independent companies. Hatfield
associated the lverage installed switch size of 2,782 lines for small LEes (LEe industry less
&SOCs), calculated from statistics on lines and switches reported to the FCC for 1993.

• Medium switch: the cost per line (SI04 for 1994) was taken from the Northern Business
Information report on the average cost of new lines for DOCs. Hatfield associated the
average installed switch size of 11.200 for RBOCs, calculated from statistics on lines and
switches reported to the FCC for 1993_

• Large switch: cost per line of $75 for a 80,000 line switch. "obtained from switch
manu&durer•."

Hatfield then drew straight lines between the three points to complete the relationship

Hatfield's approach suffers from two problems First, there is a mismatch between the

data sources he employs. Note, for example, he matches a 1994 forecasted price with a 1993

average embedded switch size. In addition, while Hatfield uses independents (excluding GTE)

for the small switch price, GTE is included in the calculation of the switch size. Finally, the

approach assumes that the average installed switch is of the same size as the average new

switch, an assumption that is not necessarily valid
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Second, and more fundamental. the Hatfield model ignores the fact that LEes buy

additional lines for installed. switches as wen as new lines for new switches. These additional
•

lines cost moret u the study that Hatfield used for his switch prices describes.

The add-on I1W'Qt continues to retain revenue potential for the suppliers,
particululy u the margiu on new switches remain below the margins for the
add-on market. A.taI line shipped IIfld in place will .enerate hundreds of
doll., in add-on !Oftware and hardwue revenue cIurins the life of the switch.
Supplien can afFord to foRio latina (sic) a few doIlIn on the initial line sale in
exchanae for the increued revenue in the aftennarket. when prices are less likely
to be set by competitive bidding.:lO

The local switching component of the Hatfield model graphically iUustrates the fallacy of

its 5COrched view of cost studies. In order for the approach to produce realistic costs (ignoring

the data problems identified earlier), a new entrant would have to serve customers -AAth initial

lines only and also have the volumes to command the discounts that existing LEes apparently

command. The fact that LEes expand their switches as demand grows and the existence of a

lucrative aftennarket for this expansion demonstrate that the "instant LEes" posited by the

Hatfield model are inconsistent with reality

C. Convertin. Investment. to Annual and Montbl)' Costs

& described earlier, the various manifestations of the Hatfield model are essentially

models of the investIMm component of an LEes cost structure. These investments are

converted into annual and monthly amounts by (1) annualizing the investments through the use

of cost-of-capital and depreciation rates and (2) estimating out-of-pocket operating expenses

through the use ofhiatorieal expense to investment ratios

1. The Hatfield Modd Underestimates the Cost ore.pita!

The annual charges related to investment are based on a rate ofretum 0{8.91 percent.

which UlUmes an equity ratio of 38.2 percent, a cost of equity of 11.25 percent. and a cost of

debt of 7.5 percent. This rate is lower than the rate of return of 10 percent used in the

20 Nonhem Bllliness IDfonnabon, us C_traJ Office Equipment Ma,*~t--J 994, McGraw-Hill. p. 71.
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"greenfield version" of the Hatfield model attached to Mel's May 16, 1996 comments In the

FeCs local competition investiption. The primary reuon why colt of Qpital in Version 2.2 of
•

the Hatfield model is lower than the "greenfield" version is the unrealistiGally low equity ratio in

the fonner. The latter model uses a more plausible 60 percent ratio for equity. Based upon the

relationship in the original 1994 Hatfield Report that a 175 basis point difference increases the

cost per line by 11 percent. increasing the colt of capital to the one uteel in the '"areenfield"

version of the Hatfield alone would increase CoatI by about seven percent (1091175 x 11

percent)?1

The 10 percent return in the "greenfield" version is also too low for two reasons. First,

both the FCC and the California Commission established rates of return for the early 19905 of

11.25 percent (which remains u the current rate) and t 1.5 percent, respectively. The California

rate of return was part of the price cap plan for Pacific Bell and GTE.n The California plan

links reviews of the rate of return to the 30 year treasury bond rate, which was 7.99 percent

when the California plan wu adopted in 1989 Recently, the 30 year fate has been about 7.2

percent, suaeating that current capital costs are much closer the to 11 percent range than the

8.91 percent return contained in Version 2.2 of the Hatfield model. Based upon the 1994

Hatfield Report relationship. if the current rate of return were 10,7 percent (the 11.5 percent

return originally adopted for the California plan. reduced by the approximately 80 basis point

difference between the 1989 and current tfeasUry bond rates), costs would increase by about 11

percent over Hatfield's estimates. l3

Second, the whole premise behind Hatfield's cost estimates is that they emulate the

effects of competition. One of these effects is to raise the riskiness, and therefore the cost of

capital, of competing firms (incumbents as well as entrants). This, in tum, increases the annual

capital cost for local exchange services,

21 Hatfield A-riatea, "'The Cost of Basi, Uni\'enal Service." Pn:pared for Mel Communications Corporation,
July 1994. Tbeto leftlitivity taU are primarily illustrative. WJw:n the compulcr files for Version 2.2 are
available, sensitivity tau 00 the COIt-of-<apitai and dcprc:ciation~~ be pcrt'ormed in a more dirO:l

manner (ifthc pmaram code allows mae factors to be chan&ed by the user).

21 california Public Utilities Commission. In the Maner of A..Itematiw Regulatory Frameworks for Local
Excbanp C..arricrs, DccisioII89-10-031, <ktober 12. 1989

II Similarly, UIC of the FCC's currmt rare of return of II 21 percent would raise cosu by 14.7 percent over
Hatfield's atimata,
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2.. De Hatfield Model·. Depretiation Rates Are Lower Thall Economic
oe,neiatioD

The Hatfield model use. extremely lona depreciation rates in estimating the annual costs

of network investments. While Ions investment Jives may have been appropriate for a regulated

monopoly prm,idel", the competitive environment fostered by the Telecommunications Act i5 a

different world. The forces of competition itself, as well u the technological change that

permeates this industry, invalidate the use of the old long depreciation lives. In fact, Professor

Hausman's May 30, 1996 reply affidavit demonstrates that accounting for the increased risk and

uncertainty of competition increases the annual cost related to investments by a multiple of at

least ),

The Version 2.2 of the Hatfield model lists asset lives by type offacility, e,g., end office

switches have a life of 20 years in the model. In contrast, earlier versions utilized an average

life, For example, the SCM posited an average life of 18 yeus for all plant. lrupec:tion of the

lives in Versiolt 2.2 suggest an average life of at least 18 years, which is equivalent to an annuaJ

depreciation rate of 5.7 percent. This rate is well short of the 1994 book depreciation of 7.16

percent for RBOCs. let alone the higher true economic depreciation rate. 2.

The 1994 Hatfield Report indicates that changing depreciation from an average 20 year

life (S percent rate) to 1S years (6.7 percent rate) would increase basic service costs by 13

percent. Applying this relationship to the difference between the depreciation rate implied by an

18 year life and the RBOC' s current book depreciation rate produces a cost increase of 12.6

percent.

Of course economic depreciation rates are much higher. For example. Schmalensee and

Rohlfs reported that AT&T's depreciation rate js 18.5 percent.l' Even AT&f1s 1994 book

depreciation rate of about II percent is much higher than the rates used in the Hatfield model.

1~ Federal Communicationa Commission, Statistics of Communications Common Carriers, 199~/199~ EdItion,
Table 2.9.

~ Sc:hmalel'\SlDC and Jd'ey K RDhI.fs. "Productivity Gains Resulting From Interstate Price Caps ror
AT&T," NatioD&l Ecoaomic~h Associates, Seplember 1992
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Using the Schmalensee-Rohlfs and AT&T's book depreciation rates in the relationship from the

1994 Hatfield report increa.ses costs by 100 percent and 42 percent, respectively.

3. De OperatiDI EIpense Estimates in the Hatfield Report Are Quntio.able

The Hatfield Report develops expense estimates based upon ratios of booUd expenses

to investment. This approach i. problematic. Operatina expense ratios based on historical

investment may be a poor approximation of the forward-looking relationship. Consider, for

example~ an expenae whose com are unrelated to the undertyina technology. As capital

equipment becomes more (or less) productive, the expense to capital ratio changes, even though

the absolute level ofunit expenses does not.

The central office switching example discussed earlier illustrates the pitfalls of using

annual factors. By employing the unrealistic assumption that an LEC can buy switching at the

initial prices, the model usumes that annual cost (which I understand include the generic

upgrades) would be lower u well. In fact, the very report that Hatfield relies on to develop the

switch model sugests that such additional costs may increase when switch vendors disc:ount

initial prices.

The factor approach also suffers from the general problem that any decrease in an

investment will cause a proportionate decrease in expenses. For example. if one LEC, for

whatever reason. obtained I higher discount on its equipment. the model implies that it would

enjoy lower out-of-pocket expenses, an implication that defies common sense.

IV. COMPARISONS WITH EXTERNAL SoURCES

Venion 2.2 of the Hatfield model produces estimate! of network: element cosu, based

on the abstract representations ofnetwork JerVice costs. In contrast, the LEes have information

on their current forwud-looking costs of doing business. Because the prices for unbundled

network: elements obtained from the LECs must at least recover their costs, such a comparison

is extremely informative.

Pacific Bell has provided this Commi!5ion with results from its Cost Proxy Model

(CPM) in the context of universal service. Based upon my participation in the California

unbundling and universal service proceedings. Tunderstand that the CPM is designed to replicate
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the forward Jooking cost! of Pacmc's operation!, because the model represents the engineering

rules and cost-of·equipment Pacific actually uses<

The following table compares the respective costs of network elements from the

competing models for California.»

H.tr....r' CPM~

Loop (per month) S8.26 $14.96

Switching

Line (per month) $1.14 $1.71

Usage (per minute)OIII' $0.0022 $0.0035

In short, the Hatfield model produces loop costs that He barely half of those produced

by Pacific's modeJ and switching costs that are about two·thirds u high as Pacific'S.30 In light

of the various shortcomings I discussed previously which would tend to understate the costs

produced by the Hatfield model, the CPM's results are clearly the more plausible.

To shed further light on the discrepancies between the Hatfield model and real world

practices, GTE perfonned various sensitivity tests of loop portion of the Hatfield model.

Among the most interesting of these tests is the use of the terms of its 1995 contract with

AT&T to install outside plant in place of the structural multipliers discussed earlier. Use of the

real world installation values more than douhled the loop cost. estimated by the BCM. And

~6 Bc:c;aUle the aM CIIi..... the COlIl of residential exchaDge ICMce in the amcext of unM:nal savicc.. r bave
judpentally cxdDdcd COlt items that are wociatcd with the servia: and no« the underlying DetworlL
componclU.

21 May 30, 1!lt9C5 updaf.c.

2:a Pacific BeU and INDETEC JntcmaDmW, The Cost Proxy Model, California Univenal8ervic:c Subsidy, 1996.

2~ The CPM reportS I cotaJ UIBF cost for Oat residential $Crvice I aaaumc SOO minutes per month to convert to a
per minute CGIt.

)0 Pacific has also "'POrted tbat an earlier version of the Hatfield model produces loop invatments that are less
than SO percent 01~ produced by the CPM. Openin, B~e(of Paclftc Bell, Op. Cit., p. so.


