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October 16, 1996

TO: The Honorable Reed E. Hundt
The Honorable Susan Ness
The Honorable Rachelle B. Chong
The Honorable Kenneth McClure
The Honorable Julia Johnson
The Honorable Sharon L. Nelson
The Honorable Laska Schoenfelder
Ms. Martha S. Hogerty

RE: Universal Service

The United States Telephone Association recently asked Dr. William E. Taylor of the
National Economic Research Associates, Inc. to analyze the extent to which the latest Hatfield
costing methodology (Version 2.2 Release 2) measures an economic, forward-looking long run
incremental cost relevant for setting prices of network elements or measuring an economic
subsidy received by a service. As you are well aware, the Hatfield model has been submitted to
the Commission in the universal service proceeding and versions of the model are also being .
used in various state proceedings.

In the attached paper, "Not the Real McCoy: A Compendium ofProblems with the
Hatfield Model," Dr. Taylor summarizes the problems that he and others have found in the
theory and applications of the Hatfield Model and cites to the specific reports and testimonies in
which these problems are discussed in greater detail. The consensus is that the Hatfield Model
Version 2.2 Release 2 is fundamentally flawed and should not be used in its present form for
either of the purposes mentioned above. The model produces results that ignore past LEC
investments to implement and maintain the public switched telephone network which has
provided high quality service at reasonable rates to all customers. For example:

-the model does not reflect the fact that LEC networks have been constructed over time to
provide the capacity to serve uncertain and growing demand throughout the service territory.

-the model embodies an unrealistic view of the future local exchange market in that it
produces costs of a hypothetical network that do not reflect the forward-looking economic costs
of an efficient entrant.

1401 H STREET NW SUITE 500 , WASHINGTON DC 20005-2164 rEL 202.326.7300 I FAX 202.326.7333 liNT www.usta.org



Dr. Taylor also summarizes specific modeling problems and the deficiencies of the
results from the Hatfield model which have been discussed by various experts. At this stage, the
model cannot be recommended by the host of economists which have analyzed it in proceedings
at the state and federal levels. USTA has long maintained that the actual costs of local exchange
networks which currently provide universal service and which have already been approved by
both state and federal regulators should be used as the basis for determining universal service
support. Given the importance of maintaining universal service, the support necessary to ensure
universal service must be based on "the real McCoy".

cc: Federal-State Joint Board Staff



NOT THE REAL MCCOY:

A COMPENDIUM OF PROBLEMS WITH THE HATFIELD MODEL

William E. Taylor
National Economic Research Associates, Inc.

One Main Street
Cambridge, Massachusetts 02142

Implementation of the Telecommunications Act of 1996 has sparked a laudable interest

in measuring forward-looking economic costs of supplying telecommunications services for at

least two distinct purposes: (i)pricing unbundled network elements and interconnection and (ii)

quantifying the subsidy contained in current prices for local exchange services. Among the

methods proposed for measuring such costs are a series of models produced by Hatfield

Associates, Inc.-for a variety of interexchange carrier clients and purposes-which are

generically called Hatfield Models. Recent versions of the model have been submitted to the

Federal Communications Commission by AT&T and MCI in the interconnection and universal

service dockets, and various parties are using versions of the model in state arbitration and

generic interconnection proceedings. The United States Telephone Association has asked me to

appraise from an economist's viewpoint the extent to which the latest Hatfield Model (Version

2.2 Release 2) measures an economic, forward-looking long run incremental cost relevant·for

setting prices ofnetwork elements or measuring an economic subsidy reoeived by a service.

Much of the debate on the adequacy of these models for the purpose for which they are

offered is located at the arcane intersection of economic theory and network engineering.

Rather than burden the presentation with detailed argument, this paper summarizes problems

that I and others have found in the theory and application of the Hatfield Model together with

citations to the reports and testimonies in which the points are discussed at greater length.

From this discussion, then, the reader should be able to get a bird's-eye view of the structure of

the flaws in the model that have been uncovered to date. As many analysts have observed, the

Hatfield Model is a moving target-changing (commendably) in response to criticisms-and
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analysis of its thousands of undocumented lines of code is necessarily ongoing and incomplete.

In this respect, the FCC Order

do[es] not believe, however, that these model outputs by themselves necessarily
represent accurate estimates of the absolute magnitude of loop costs. As we
discuss below, further analysis is necessary in order to evaluate fully the
procedures and input assumptions that the models use in order to derive cost
estimates. [Order at' 794]

In light of the advantages of such a generic approach, we will further examine
these generic economic cost models by the first quarter of 1997 to determine
whether we should use one of them to replace the default proxies we adopt in
this proceeding. In that event, states would have the option of setting rates in
arbitrations on the basis of an economic cost study or by using a generic
forward-looking cost model approved at that time. [Order at' 835].

Definitive analysis is scheduled for the first quarter of 1997, and this report and the works it

cites should be taken as preliminary.

I. BACKGROUND

The Hatfield models are primarily engineering models of cost. They are bottoms-up

models that calculate network costs at the service or network function level by simulating the

construction of a new local exchange network to serve households assumed to be located

unifonnly across each Census Block Group (CBG) in each state. two distinct levels of

modeling takes place in these models: (i) the size, pattern and distribution of local exchange

demand is modeled from Census data on households and employees in each CBG and (ii) the

network that serves each CBG is modeled using engineering algorithms, soil and terrain data

and various user-specified parameters. They model investment in loop, central office and

interoffice plant and calculate annual costs by applying user-specified annual cost factors

reflecting depreciation, cost of capital, maintenance and overhead expenses. The net results are

investments, expenses, and unit costs for each of eleven unbundled network elements plus

public telephone terminal equipment as well as the cost of basic universal service per

household.

The earliest publicly available and complete version of the model was created in 1994,

on behalf of MCI Telecommunications Corporation, for the purpose of estimating the size of a
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forward-looking universal service support fund. I The model used an engineering approach to

estimate the TSLRICs of the components of residential basic exchange service, assuming that

the local exchange carrier (LEC) would use a fully optimized network based on forward

looking technologies and current best engineering (cost-minimizing) practices. In the model,

the LEC could instantly design its network to reflect the currently available forward-looking

technologies and cost-minimizing practices. Every element in the network was regarded as

variable, and all loop plant, central office, and inter-office facilities were optimally sized,

designed and located precisely to serve the totality of demand. When the first version of the

Benchmark Cost Model (BCMl) became available, the Hatfield Model was revised to

incorporate its loop assumptions, the most significant of which took existing central office

locations as fixed. In the cost model vernacular, the Hatfield Model thus evolved from a

"scorched earth" to a "scorched node" approach to cost measurement which treats the

incumbent LEC's current central office and wire center locations as fixed but redesigns the rest

of the network (switching and other central office equipment, outside plant and loop facilities)

using a hypothetical optimal design.2

The Model continued to change. A revision was constructed to determine the

incremental costs of unbundled network elements.3 Then Version 2.2, Release 1 had the dual

purpose of sizing the universal service fund and detennining the cost of unbundled elements.4

This version of the model (like earlier versions) retained a portion of the BCMl to calculate

I Hatfield Associates, Inc., The Cost of Basic Universal Service, prepared for MCI Telecommunications
Corporation, July 1994.

2 Neither approach measures the relevant forward-looking economic incremental costs for pricing or measuring a
subsidy; see, e.g., Declaration of Alfred E. Kahn and Timothy J. Tardiff, in re Implementation of the Local
Competition Provisions in the Telecommunications Act of /996, CC Docket No. 96-98, May 30, 1996 (the Local
Competition Docket). This version of the Hatfield model appeared in a 1995 Pennsylvania proceeding
measuring the universal service subsidy and-for the fU'St time-replaced the scorched earth assumption with
the scorched node format.

3 Hatfield Associates, Inc., The Cost of Basic Network Elements: Theory, Modeling, and Policy Implications,
prepared for MCI Telecommunications Corporation, March 29, 1996.

4 Hatfield Associates, Inc., Hatfield Model, Version 2.2, Release 1, prepared for AT&T Corporation and MCI
Telecommunications Corporation, May 16, 1996. Filed as Appendix E to the Comments and Appendix D to the
Reply Comments of AT&T in the Local Competition Docket (May 16 and 30, 1996) and with the ex parte
submission of L. Sawicki of MCI in CC Docket No. 96-45, July 3, 1996. Working versions of the Hatfield
Model Version 2.2 Release 1 became publicly available in late June, 1996.

11 L r a



-4-

loop investments but added its own modules for calculating investments and expenses related to

switching, other central office functions, and inter-office facilities. The current model

Version 2.2, Release 2-is similar to Release 1 but differs in several important respects:

• many parameters hard-wired in Release I can be specified by the user in Release 2, e.g.,
the threshold distance for fiber feeder or the fractions of aerial, buried and underground
distribution and feeder plant that shares structures.

• . estimated 1995 household counts in each CBG are used in place of 1990 household
counts.

• the BCMl network module has been revised and replaced with BCM-PLUS.

This latest version of the model was publicly available in late August 1996 and has been used

in the numerous state regulatory proceedings spawned by the Act: arbitrations between LECs

and long distance carriers and generic hearings regarding costs of local exchange service ~d

prices ofunbundled network elements and interconnection.

In evaluating the Hatfield model (or other competing proxy cost models) two

advantages stand out:

• The model is an optimizing model which does not rely on any assumptions regarding
the efficiency ofany aspect of the existing network except the location of its switches.

• The model uses publicly available data and algorithms and is readily available for
parties-so long as they have adequate time and computing power~o use.

In contrast, most local exchange carrier (LEC) forward-looking cost models use to some degree

characteristics of the network that is currently built to serve current and future demand.

Because they contain proprietary algorithms and critical data (e.g., switch prices that are

proprietary to the manufacturers), use of the models is frequently restricted.

Despite these advantages,' however, the Hatfield Model Version 2.2 Release 2 IS

fundamentally flawed and should not be used in its present form as the basis for setting prices

for interconnection ·or unbundled network elements or for quantifying the subsidy to local

exchange service to size a universal service fund. By simulating population locations and a

network to serve them, the model produces a network that· is independent of past LEC

investment decisions, but it need not resemble the network that an efficient firm would use to

II ~: r ~l
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serve households and business where they actually are located. By using publicly available

reports ofprices for switching equipment, cable and other inputs, the model does not rely on the

efficiency of LEC purchasing or the accuracy of its reporting, but it also need not reflect the

equipment prices that any efficient firm would pay in the real world in the future. To be useful

for setting prices or measuring subsidies, incremental costs must measure the value of the·

goods and services that society would actually give up when it chooses to consume an

increment of demand for telephone service supplied by an efficient firm. That is the measure of

incremental cost towards which competitive forces push prices, and that is the only relevant

measure of incremental cost that is relevant for regulatory rate setting.

II. CONCEPTUAL PROBLEMS

Incremental costs fundamentally measure how costs change when some external event

changes. For a model to be useful, the demand increment whose cost consequences are

calculated in the model must be the demand change associated with the proper change in

external circumstances.

A. Specification problems.

The first class of conceptual problems with the Hatfield Model concerns its basic

specification: what level of ~emand is assumed to be served by the LEe and over what period

of time is it expected to construct its network and serve future demand? .

1. The model measures static, one-time costs of serving a level and geographic distribution
ofdemand that is known with certainty and never changes. In contrast, networks of
efficient finns in the real world are constructed over time to provide capacity to serve
uncertain and growing demand throughout the service territory.

In particular, prices cannot fall to the level indicated by installing ubiquitously the
most efficient technology at any instant. [Duncan-Tardiff at 7]

Cable sheath sizes will be too large in the Hatfield Model leading to an
understatement ofunit costs. An efficient firm serving a growing market over time

5 G.M. Duncan and T.J. Tardiff, "Economic Evaluation of Version 2.2 of the Hatfield Model," NERA Report,
September 13, 1996.

11 L' r d
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might place a 1DO-pair cable and relieve it five years later with an additional 100
pair cable. Because it assumes that loop facilities are installed instantaneously, the
Hatfield Model would serve total demand with a 200-pair cable. [Duncan-Tardiffat
10], [Shifman-Choura6 at 23].

Switch costs will be too low in the Hatfield Model because the model assumes that
LECs serve new demand only by installing new switches, sized exactly to serve
current demand which is unchanged and known with certainty. In fact, a recent
report' indicates that LECs frequently buy additional lines for their already installed
switches, and that those additional lines each cost more than lines on new switches.
[Taylor,8 New Jersey at 18]

An efficient finn in the real world adds capacity to its existing plant-accounting
for the trade-off between lower unit costs for larger installations (e.g., larger cable
sheath sizes) and the costs of carrying unused capacity over time. [Duncan-Tardiff
at 7-8]

2. The Hatfield Model embodies an unrealistic view ofthe future local exchange market.
It costs out a hypothetical network that combines low installation costs from installing
precisely the required capacity instantly to serve the current level ofdemand with
economies ofscale from serving the entire market.

These are not the forward-looking economic costs ofan efficient entrant because it
will not construct a network instantaneously to serve the entire market demand.
They are also not the forward-looking economic costs that an efficient incumbent
LEC would face as it supplies interconnection or unbundled network elements
because the incremental volume ofdemand is much smaller in the latter case.
[Tardiff,9 Missouri, at 2-3]

As the incumbent LEC loses market share, its own forward-looking ~onomic

incremental costs will rise as it loses economies of scale. Incremental costs will
likely be higher when multiple finns share the current market demand than those
experienced under monopoly supply. The Hatfield Model thus understates costs in
this respect. [Tardiff, Missouri at 9-10].

6 J. Shifman and R. Choura, "Universal Service Existing Proxy Models: What can they be used for?" submitted to
the Biennial Regulatory Infonnation Conference at NRRl, September 1996.

7 Northern Business Infonnation, US Central Office Equipment Market-1994, McGraw-Hill, at 71.

I W.E. Taylor, Direct Testimony before the New Jersey Board of Public Utilities (Docket No. T096070S19) on
behalf ofBell Atlantic - New Jersey, fiJed September 18, 1996. Contains proprietary data.

9 TJ. Tardiff, Rebuttal Testimony before the Missouri Public Service Commission (Case Nos. TQ-97-40 &. TQ-97
67 on behalf of Southwestern Bell Telephone Company, fiJed September, 1996.

--
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3. Costs produced by the Hatfield Model are not the forward-looking incremental
economic costs faced by an efficient LEC serving any state. They should not be used as
a basis for setting prices for such LECs.

The hypothetical network constructed on the basis of CBGs does not correspopd to
an actual LEC actual network or to an efficient LEC network. CBGs are constructed
by the Census Bureau and do not reflect topographical or density considerations that
network engineers take into account in placing serving area interfaces. [Duncan
Tardiffat 11-12], [Shifman-Choura at 18].

Factor prices used by the Hatfield Model do not correspond to the prices that an
actual LEC or an efficient LEC actually faces. Labor costs are not state-specific.
Costs from a 1993 New Hampshire incremental cost study are assumed to be valid
forward-looking incremental costs for the incumbent LEC in each state. Switching
costs are based on an average of two prices (per-line) taken from a trade publication
and a third undocumented per-line price based on institutional knowledge.

The FCC Order leaves little doubt that the cost concept for total element long run
incremental cost (TELRIC) is the incremental cost faced specifically by the
incumbent carriers:

This benchmark of forward-looking costs and existing network
design most closely represents the incremental costs that
incumbents actually expect to incur in making network elements
available to new entrants. IO

B. Modeling problems.

The second set of conceptual problems concerns the adequacy of the Hatfield Model to

approximate the location and distribution of local exchange demand and construct-and cost

out-an efficient network to serve that demand.

1. The Model assigns households in a CBG to the nearest existing wire center, not to the
wire center--or even the LEC-that actually serves them.

Pacific Bell and GTE in California observe that the BCM incorrectly assigns
substantial proportions ofhouseholds to the wrong wire center. [Duncan-Tardiffat
9]

10 Federal Communications Commission, ImplemenJation of the Local Competition Provisions in the
Telecommunications Act of1996, First Report and Order, (the Order), CC Docket No. 96-98, released August 8,
1996, '11685, emphasis supplied.

-
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While proponents may claim that mis-assignments represent inefficiency, it is more
likely that they stem from the extremely abstract representation of the network as
serving a featureless plain which ignores real-world inconveniences such as rivers,
lakes, mountains, highways, etc. [Taylor-Banerjeell at 9]

2. The assumption that demand is uniformly distributed over a square eBG containing an
average of400 households can give rise to inaccurate cable lengths and sizes.

The assumption ofuniform density can cause substantial errors in loop lengths and
sizes, especially for sparsely populated areas. [Duncan-Tardiff at 11].

In the real world, the population of individual eBGs vary considerably across a state
and can exceed the size ofthe largest distribution area that a LEC employs. [Taylor
Banerjee at 9-10].

The Model can assign larger copper cable sizes than the LECs actually use,
reflecting a different engineering view of the ability of support structures to
accommodate large cable sizes. [Taylor-Banerjee at 10].

The Model's assumptions regarding cable routes may not be accurate in application.
[Emmerson,12 North Carolina, at 31].

c. Problems with the results.

A.t a conceptual level, results from the Hatfield model are deficient in several ways.

They do not agree with other industry models based on fmn-specific data. The results are not

consistent with the explicit internal consistency requirements possessed by economic eost

functions. Finally, by the construction of the model, it is difficult to verify calculations and

impossible to perform an exhaustive audit on any particular cell.

1. Cost estimates from the Hatfield models consistently underestimate forward-looking
economic incremental costs produced by engineering models from firm-specific data
(e.g., California by about one-third or $9 per line per month) or from econometric
measures of incremental cost. [Duncan-Tardiff at 2, 20]. Econometric cost estimates are

II W.E. Taylor and A. Banerjee, Comments before the FCC (CC Docket No. 96-45) on behalf of BellSouth
Telecommunications, Inc., filed August 9, 1996.

12 R.E. Emmerson, Direct Testimony before the North Carolina Utilities Commission (Docket No. P-141, Sub 29)
on behalfof BellSouth Telecommunications, Inc., filed September 17, 1996.

-
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generally higher than LEC incremental cost estimates [perl-FalkI3 at 16-17]. No external
validation of the model has been perfonned. [Duncan-Tardiff at 4-5]. The results of the
Hatfield Model "do not even pass a 'straight face test'" [Shifman-Choura at 24].

2. Economic cost functions obey certain mathematical regularities, and cost functions
estimated from data are nonnally tested against those regUlarities. [Duncan-TarditI'at 5,
Attachment I]

The Hatfield Model assumes that the LEC's cost function is additive in its
unbundled network elements. If it is not, then pricing at TELRIC makes no
economic sense because the price ofa bundle ofelements would no longer recover
the incremental cost of the bundle. No testing ofthis assumption has been done.

The Hatfield Model is not linearly homogenous in input prices. Ifall input prices
paid by a finn increase by 10 percent, the minimum economic cost of producing a
given level of demand increases by 10 percent. Increasing all input prices in the
Hatfield Model leads to about a 13 percent increase in costs. [Duncan-Tardiffat 21
23].

Input quantities and prices in the Hatfield Model are inconsistent with cost
minimizing behavior. (Duncan-TardiffAttachment I].

3. Though publicly available, the Hatfield Model is far from transpalent. It consists of
thousands of lines ofundocumented code, unexplained algorithms and hard-wired
relationships. The auditing features ofthe spreadsheet that would permit the user to
trace references exhaustively forward and backward from each cell have been turned off
and password protected to prevent the user from auditing the spreadsheet. [Duncan
Tardiffat 5-6]

Documentation is incomplete with respect to algorithms and user inputs. For
example:

• On line 435 of the input sheet, EF&I units appear under the ''tenninal
investment" subcategory oftransport investment. The value is 32, and its
purpose is not known or documented.

• On line 140 ofthe input sheet, there is a ''tandemlEO wire center common
factor" whose purpose is unknown,

13 L.J. Perl and J. Falk, "The Use ofEconometric Analysis in Estimating Marginal Cost," in William Pollard (ed.),
Marginal Cost Techniques for Telephone Services: Symposium Proceedings, Columbus, Ohio: The National
Regulatory Research Institute, 1991.
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• Dial Equipment minutes are actually put into the model as thousands of minutes,
not minutes, a fact that the documentation does not acknowledge, and a source
ofconfusion to us when we were trying to verify inputs.

To actually find out how to use these inputs would involve tracing through the
formulas in the spreadsheet, a very time-intensive process.

4. As both the Hatfield Model and LEC models are difficult to audit, one must examine
the incentives ofthe proposing parties:

- AT&T and MCI-sponsors ofthe Hatfield Model and avowed entrants into the local
exchange market-have confirmed in state proceedings that they make no use of the
model in their plans. Moreover "[i]t would appear that the revisions to the Hatfield
model are result driven and the model can be adjusted to produce whatever cost
answer its sponsors desire" [Shifinan-Choura at 24].

LECs have used their incremental costing tools for years in circumstances where
their incentives may have been to overestimate costs, underestimate costs and
estimate costs accurately: namely for setting prices, for setting price floors for
competitive services and for making internal network and marketing planning
decisions.

5. AT&T asserts that it would cost 529 billion in investment to replicate the local
exchange network to serve (presumably the low cost) 20 percent of the market
roughly 51,240 per line; a value much higher than the 5840 per line investment costs
produced by the Hatfield Model [Tardiff;4 New York at 620].

III. DEFAULT ASSUMPTIONS

In addition to the methodological problems identified above, the proponents of the

Hatfield Model have populated it with default parameters that lead to an unrealistically low

measure of cost. In general, when NERA or the LECs have rerun the Hatfield Model with

corrected values for some input assumptions, local exchange costs increase significantly: by

between 55 and 70 percent in Texas [Tardiff, Missouri at 23-24] and by more than 60 percent in

New Jersey [Taylor, New Jersey at 20].

14 T.J. Tardiff, Rebuttal Testimony before the New York Public Service Commission (Case Nos. 95-C-0657, 94-C
0095, 91-C-1174) on behalf ofNew York. Telephone, filed July 15, 1996.
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1. The Hatfield Model understates prices paid by efficient LECs~ thus understating
incremental costs. To use factor prices in an incremental cost model below those the
LEC can reasonably expect to pay in the future amounts to a detennination that its
purchasing is inefficient or imprudent. Documentation of input prices in the Hatfield
model does not sustain that type of conclusion.

Switch prices are systematically understated due to the assumption that LECs do not
buy add-on lines for switches. In addition, switch prices for small and medium
switches are taken from a trade publication which attributes them to RBOCs
generically.ls Large switch prices are undocumented ("obtained from switch
manufacturers."). [Duncan-Tardiffat 15-17]. In general, Hatfield default switch
prices are not the prices that any LEC pays or could expect to pay in the future.

LEC reported prices are significantly higher than the Hatfield Version 2.2
Release 1 prices of$241, $104 and $75 per line (in 1994) or the Release 2 prices
of$220, $86 and $59 per line (in 1995). Southwestern Bell - Missouri's actual
costs per line averaged $268, $231 and $183 for small, medium and large
switches respectively. (Tardiff, Missouri at 14]. A medium-sized switch serving
11,200 lines in Texas costs $183 per line for new installations and $248 for add
ons compared with a Hatfield default price of$86 per line. (Tardiff,16 Texas at
7].

Tandem switching investments are based on an AT&T report on its
interexchange capacity expansion costs. [Hatfield Model V.2.2.2 Input
Summary]

The Hatfield Model understates prices paid for structures; installation and structure
investment can amount to 80 percent of loop costs. The source of the default dat!J, is
the industry expertise ofone consultant retained by Hatfield. There is no validation
or documentation for these prices. The same prices are applied in evcny state. The
default price for manhole covers of$3,000 is much less than the $10,000 paid by
Southwestern Bell- Missouri (Tardiff, Missouri at 13]. Input prices for structures in
Texas are "severely underestimated" by the Hatfield default prices. [Tardiff, Texas
at 7].

IS In addition, according to their documentation, the Hatfield Model designers removed $16 per line of investment
ostensibly for trunk port investment that is counted elsewhere in the model. According to the authors of the
trade publication cited by Hatfield, trunk port investment was not included in the switch cost estimates in the
fIrSt place. Incorrectly removing the $16 per line overstates switch investment requirements by between 10 and
15 percent.

16 T.J. Tardiff, Direct Testimony before the Public Utility Commission of Texas (Docket Nos. 16189, 16196,
16226,16285,16290) on behalfof Southwestem Bell Telephone Company, filed Septernber6, 1996.
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Cable material prices in the Hatfield Model are significantly lower than those paid
by LECs: a Pacific Bell engineering study for a particular feeder project developed a
total cost of$11.32 per foot compared with a Hatfield estimate of$2.32. [Emmerson
at 33]. Similarly, digital loop carrier equipment prices in the Hatfield Model are
more than 60 percent below the actual prices paid by US West [McClellan17 at 8].
The model employs unrealistically low cable facilities costs. [Shifman-Choura at
24],

2. The Hatfield Model assumes unrealistic, inefficiently high fill factors (ratios ofvolutnes
in service to capacities) for feeder and particularly for distribution plant. Optimal fill
factors account for the high cost of adding capacity to distribution plant once structures
are in place as well as for the regulatory requirements ofplacing sufficient capacity to
serve retail and wholesale customers with minimal delays. Unrealistically high fill
factors cause costs to be understated by reducing the amount of cable required to serve a
given population.

- Realistic, forward-looking fill factors are required by economic theory and the
Order:

Per-unit costs shall be derived from total costs using reasonably accurate
"fiU factors" (estimates of the proportion of a facility that will be "filled"
with network usage); that is, the per-unit costs associated with a
particular element must be derived by dividing the total cost associated
with the element by a reasonable projection of the actual total usage of
the element. [Order at ~ 682].

Comparison ofBCM1 fill factors with best practice factors in California showed
that feeder fills in the BCM were moderately higher than best practice and .
distribution fills were substantially higher than best practice. Fill factors have been
increased in Release 2 ofthe Hatfield Model Version 2.2. [Tardiff, New York at
610-611].

The effective fill factors in the Hatfield Model are lower than the input values
because cable sizes are modular. However, the net effect is still a significant
underestimate of average fill experienced by LECs: realized fill for distribution
plant produced in the Model for Missouri was 50.7 percent compared with actual fill
of33.9 percent for Southwestern Bell- Missouri. [Tardiff, Missouri at 18]. Default
loop fill factors used by the Hatfield Model for New Yark average over 73 percent
compared with NYNEX average loop fill of 59 percent. [Tardiff, New York at 612].

17 S. McClellan, "Remarks to Western NARUC," Snowbird, Utah, June 10, 1996.
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Low fill factors are not characteristic of monopoly markets. More competitive
telecommunications markets have lower fill factors rather than higher: for example,
the FCC found that MCI and Sprint have at least 30 percent spare capacity [Duncan
Tardiff at 14-15].

1. The Hatfield Model uses depreciation rates that are inappropriately low for current
markets let alone markets under the assumption of the model in which a firm sinks a
large amount ofcapital in facilities that it must use to serve retail and wholesale
customers subject to state and federal regulation under the terms ofthe Act, the Order
and state public utility codes

- Default depreciation lives in the Hatfield Model average at least 17 years,
corresponding to an annual depreciation rate of 5.9 percent. This compares with
book lives and depreciation rates of 14.0 and 7.16% for the RBOCs and 9.1 and
11% for AT&T. AT&T has claimed economic lives and depreciation rates of 5.4
years and 18.5% for its plant. [Duncan-Tardiffat 18]

The long default depreciation lives in the Hatfield Model are prescribed regulatory
lives for jurisdictions related to the state in question: for New Jersey, AT&T used
Bell Atlantic - Maryland lives. Economic lives must reflect radical differences
between the regulated monopoly past and the competitive conditions under which
costs are assumed to be calculated. Both regulatory prescribed lives and company
estimates of economic lives for New Jersey are shorter than the Hatfield defaults
used in New Jersey. [Taylor, New Jersey at 18-19].

The Act and the Order assume a seamless and instantaneous diffusion ofnew
technology throughout the local exchange plant: Le., costs are calculated as if the
LEC could install the most efficient technology currently available throughout~
network. Long, regulated depreciation lives are inconsistent with this behavior.
[Taylor-Banerjee at 18].

2. Similarly, the Hatfield Model uses a cost of capital that is unrealistically low. Its value
of 10 percent contrasts with the FCC's currently approved rate ofretum of 11.25
percent and is less than the rates ofreturn approved by most state regulatory
commissions. Such capital costs are vestiges ofa past monopoly franchise and are
inconsistent with the competitive market under which costs are assumed to be
calculated. [Tardiff,11 California at 13-14].

An unarguable effect of the Act and Order is to increase the competitive risk to the
LEC; not only will facilities-based competition be accelerated but the risks of

18 T.J. Tardiff, Rebuttal Testimony before the Public Utilities Commission of the State ofCalifomia (1.93-04-002)
on behalf of GTE California Incorporated, filed July 10, 1996.
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supplying services in a mixed retail-wholesale environment with regulatorily
determined retail and wholesale prices are much higher than in local exchange
markets in the past. [Duncan-Tardiff at 17]

The increased competitive and technological risk and uncertainty associated with
competition under the regulatory regime contemplated in the Act and the Order
tends to increase the cost of capital by a factor between 3 and 7 which accords with
empirical findings in unregulated markets that for competitive firms, average hurdle
rates for sunk investments tend to exceed the cost ofcapital by factors in that range.
[Banerjee-Taylor at 19].

IV. CONCLUSIONS

At this stage, use of the Hatfield Model Version 2.2 Release 2 for setting prices or

quantifying a subsidy cannot be recommended. Costs from the Model have never been

compared with economic costs measured for efficient LECs, so that the Model has never been

validated. Using such a model to set prices would be similar to permitting the IRS to collect

income taxes from individuals based on a model that predicts household income based on

personal characteristics such as age and education. While such a model may produce

reasonably accurate predictions on average, its application to individual taxpayers would

violate due process as well as common sense. [Duncan-Tardiffat 24].

In addition, costs calculated in the Model are static; no allowance is made for future

growth in demand, and the costs calculated are assumed to be those ofa monopolist that invests

at a single point in time to serve instantaneously the entire market. Such" assumptions lead to an

underestimate of costs in the real (future) world because neither an efficient LEC nor an

efficient entrant will serve under those circumstances and will instead serve smaller fractions of

the market and build capacity for future growth. Even if all of its engineering and economic

assumptions were correct, the model would not calculate anything resembling

the incremental costs that incumbents actually expect to incur in making
network elements available to new entrants [Order at , 685]

which is the "benchmark of forward-looking cost and existing network design" that the FCC

TELRIC method is intended to measure.

11 l.' r a
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It is comparatively easy to replace some of the unrealistic parame~er assumptions in the

Model with forward-looking values that pertain to an efficient LEC. However. the

documentation of the Model and the description of the inputs are sufficiently sparse that users

cannot be sure that such replacements would actually have the c.orrect effect. Certainly the task

of setting prices that will determine competitive parity in the local exchange markets cannot be

performed by picking prices and costs randomly-or systematically-from industry

publications, cost studies for other companies and other times or undocumented opinions.

Setting interconnection prices or prices for unbundled elements based on costs that no

efficient LEC could actually meet-such as the costs produced by the Hatfield Model-would

be profoundly anticompetitive. It would retard the development of facilities-based competition

because more efficient facilities-based competitors would be unable to price below the LEC's

below-cost prices. If as a result of such inefficient pricing, the local exchange market were left

with only resale competition, customers would fail to realize many of the benefits intended by

the legislation. Resale competition-by itself~xerts no competitive pressure on network

.costs or prices, and, indeed, price competition in such a market would be extremely rare. 19

At the end of the day, prices must be set to reflect the forward-looking costs that an

efficient LEC serving the territory in question would actually face. These are not the costs that

the Hatfield Model is currently designed or used to calculate. If prices are set on this basis, the.
procompetitive intentions of the Act and the Order will be frustrated.

19 The LEC cannot reduce its retail rates without simultaneously reducing the wholesale prices it charges its
competitors. Hence a LEC that wants to regain market share from a rescUer can only compete by improving the
quality of the retail functions it provides to its customers. It cannot compete by lowering price or by increasing
service quality for its network services.

--
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assumes uniform population densities, an assumption that leads to increased distribution
investment because populations tend to "cluster," even in rural areas.

B. Overview of technology assumptions

The model we developed is bIt!~ an a '6=nfieW"'GSUIDpIion: the entire
netWork is as it would be if it were built from scratch. No ccmsideration was given to the·
total Dumber and ownership of local exchange carriers or 0Ibcr aspects of the reguiatcny
and commercial history ofme local exchange telephcme iDdustry.

We use currem switching and tmsmissiOD teeImolOlY in oar model netWork. The
fundamental disttibution model uses BeIlcore-specified Cmier ServiDg Areas (CSAs) as
basic distribution COIIlpODeDtS. UsiDg exisIiDg BeIk:ore CSA speei6eati~ we Ihc:D
assume typical digital loop cmier (OLe) equipmeDt ad optical multiplexers to connect
the DLe terminals to end offices. We modified die cIisIribuIicm appoach for the highest
density class. in which we use stIDdard copper feedc:r ad clislribaticm cable. JD 1iDs case.
the average cable nms are so shan as to make 1be maimeD' ill optical multiplexers aDd
DLC equipment impractical. The followiDg secbODS describe.1be RImmed disttibution
structures and technologies more completely.

For the two lowest deDsity cluses. we CODSider bath wiretiDe ad wireless
distribution approaches. For the wireliDe tedmoiolY. we assume low-density DLe
equipment. anel for the wireless appoach. we used die per-subscliber iIM:s1mems from
the Enduring Local Bottleneck (ELB) SDIdy IS • basis for iDpUlS 10 Ibis model.' We
modified the ELB DUIIIbers somewbat by iDcluctina • multiplier for ctif6cult tmaiD and by
increasing the per-subscriber iDves1meDt for mic:rowPe backbmJ ilM:sauem.. since one
would reasonably expect the backb,w disllmces to be considerably Iarpr in rural areaS
than in the average urbaDIsuburbaD cae. The 1maiD multiplier lCC"'"!"odates areas that
require radio coverage anpnentJttion. We ISS1DIIe digital trehDology far all switches.
with a range ofswitch capacities (both tiDe ad n:al-1ime) appJied to the different deDsity
ranges. We use Bellcore average uafJic iDpms for die cli:ffen:Dt access tine classifica
tions: residential. siDgle-JiDe business. ad mnh:iple-liDe bllsiness.IThe model uAmes
coincident busy hams for: residential ad business uafJic. This is a ccmservative assump-

'7 The Ent:bmng LDt:DJBott/mck - MOIIl1pDIy PDWer tIIId 1M LDt:DJF.J:changt Ctzmus,
Economics and TechnololY.lDc.,1Dd Hadield Auoc:i.'es. lDc.• spoasored by MCI
Communications Corporation, AT&T, IDd the Competitive TeIecoflllllUDicatioDS Association,
February. 1994.

I See LA TA SWItching Sy.srnrs Gmnic &qrtftlllems - TntJlic Cap«ity tlIIdEmnronm~nt,
Section 17, Technical Reference TR.TSY-OOOSJ7.lssue 3, March; 1989.·
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touch tone capability; and

access to 911 services. operator services, directory assistance, and telecommunica
tions relay service.

Many of the services provided by local telephone COIDpIDies are excluded from this
definition. For example. ton services. vertical services such as call waitiDg and call
forwarding. private line services, inter'fl!XChlftF camer acc_ and local business service
are excluded.

At the request ofMCL we have estimated the cost ofproviding "Basic Universal
Service." Specifically, we estimated the T01I1 Service-LoDg Ran 1DcremeDtaI Cost (TS
LRle) ofBasic UDiversal Service. TS-LRIC is defined as the total additional cost
imposed on a fum by o1feriDs ID CDtire service. TS-LRIC cost models assume that
current. least-eost teehDolosy is used.

That TS-LRIC is the appropliAte mcIbndolOl)' to use caD be iJlusuaIed by showiDg
why the alternatives are iDappropriaIe. mthe pat, telephoDe col'ljMaies have measun:d
the local telephcme service subsidy by compaiDJ l'e'VeDUe to -mDy embedded COSIS." But
these costs include the "effects ofoldr:r tedmolOl)' and pm:ral fiml iDdDcieDCies. The
resulting measure of costs is "too iIrge." Films beiDg asked to pnmde subsidies (or more
specifically, their customers, who bear the u1tjm- burdeD) sbouId DOt be required to
fund the waste and ineBicic=y of the mcmopoly 1elepboDe coa'lllllies.

Telephone compaies have Ittempted to meuure the costs ofproviding competi
tive services through the use ofwrious famIs of10Dg nm or sbort nm incremcDtal cost
studies. These studies typicaDy take the exisriag demnd. iDYesImeDt, IDd expenses of
the telephone camplDy IS • Biven and then esIimIIe the additioDal cOsts that would be
incurred ifdemnd were to iDcrase by some peru:atlp amcnmt. The resulting cost

estimates are~ SIDI1l.WI Ifmes were to be set based on simple 1011I nm iDcrememal
costs. the telephone cowpay would fail u, rec:over die apeases usociated with the
baseline inWStliitiilt. IfIlleS are set at TS-LRIC. the local teJephcme compmy n::covas
all of the costs it iDcurs IS • result ofprovidiDg die sc:rvice, usiDg CWieut teelmology ad
operating efDcic:atly. Stated al1emaIi'veJy, ifmes far. paniculIr service II'C set at 1"5
LRIC. the other services of the firm do Dot hive to subsidi: that service.'

J Under the MCI proposal. the subsidy would be established based on the difference betweca
the current rwion"1cie aver&$2C rue IDd TS-UUC. All c:uricn would make subsidy paymems
under a newly establishea tunClng mecbammi. The paymentS would be large ene" .~ to ensure
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an overall view ofthe principal classes of component in the S1:rUCtIIreS used in the
investment model.
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FIgure 1 - Loop plant cOmpDnmtJ
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The loop plmt comprises twO classes offacility: feedrr ad ctislribution.. As
shown in Figure 1. the feeder plaDt ccmsim of lc:latively high-capacity cables extending
from the wire ceDter5 (which 1ft physicallocaticms. usually buildiDp. from which the
local loop facilities emme; tbis location also DOIDIIIly comains at least ODe switch).
Smaller "dimibatioJi" cables dIeD CODDCCt the Jarse-capacity feeder cables to 1be pedes
tals which terminate the "drops" cmmectiDg 1be subscribers' telmiDal equipment with the
network.

Since the early years ofcommercial telephone service. there have been several
steps in the evohnioft of loop plant archi1ectures. The most rec:eDt of these is the "Carrier
Servmg Area" (CSA). ddiDed by Bellcore IS 8Il area that is (or could be) served by a
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