Appendix C

Evidence of Dr. Trevor Roycroft

Introduction

C-1 In evidence for ARC et al, Dr. Trevor Roycroft relied on a study he has performed, attempting to estimate, by a regression analysis, the impacts of various factors on telecommunications carriers' total factor productivity (TFP) growth rates.  The study purports to show that changes in regulatory regime lead to large and persistent increases in productivity growth rates.

C-2 The study suffers from serious defects and should be given no weight by the Commission. 

C-3 Dr. Roycroft's analysis proceeded in two stages.  He first estimated TFP growth rates for thirteen state‑level Bell Operating Companies for the years from 1986 to 1998.  He then estimated a regression equation with TFP growth as the dependent variable, and with a number of independent variables.  Unfortunately, as discussed in greater detail below, the data used by Dr. Roycroft to estimate TFP growth is ill‑suited to this purpose.  As well, the methodology he used is flawed.  As a result, the TFP growth estimates, which he uses as his dependent variables, are incorrect.  As Dr. Roycroft himself agreed, use of incorrect data will lead to incorrect results from the regression analysis.

C-4 In addition, the regression analysis performed by Dr. Roycroft yields implausible results, and as Dr. Roycroft admits, the results must be interpreted with caution.  Further, the results are very sensitive to the way in which various factors are measured.  For example, a small change in the measurement of technological development completely changes the results for the other factors.  Such a fragile regression equation cannot be used as a basis for any real‑world decisions.

The Data Used to Estimate TFP Growth

C-5 To estimate the impacts of different regulatory regimes, Dr. Roycroft has to start with TFP growth rates for individual states, because different states introduced different forms of regulation at different times.  It is the differences in productivity growth rates across states, rather than the growth rates themselves, that matter.

C-6 Dr. Roycroft was able to obtain state‑level data from FCC sources for only thirteen states.  When asked why the data was available at that level for those thirteen states and not for others, Dr. Roycroft replied:

"That is an artifact of the structure of the Bell system and the reporting practices that emerged after divestiture.

…

[The reporting] it's just an artifact or tradition.  They have not changed that reporting requirement, even to this day."

C-7 There appear to be few or no checks on the accuracy of the state‑level data used by Dr. Roycroft.  As stated by Dr. Roycroft, to the best of his knowledge, the data is not audited.
  The FCC itself does not use state level data for its measurements of TFP growth, instead estimating a single national measure.
  Indeed, the data is available only for thirteen states, and so cannot be relied on by the FCC for any systematic purpose.

C-8 The use of state‑level data is more disturbing when one realizes that telephone company operations have changed dramatically in the years since divestiture.  In particular, many functions are now performed at the Regional Bell Operating Company level, rather than at the state level.
  State‑level data reflect an allocation of these common functions that is becoming 

increasingly arbitrary over time.  Cost allocations that may have been reasonable in the operating conditions that existed before 1983 are unlikely to continue to be reasonable in 1998.

C-9 The allocation of expenses across states does not affect national measures of TFP growth.  However, it is crucial to Dr. Roycroft's analysis, because it is precisely the difference between various states that forms the basis for his analysis.  If differences between states are in doubt, so are his results.

The Methodology Used to Estimate TFP

C-10 In estimating TFP growth rates at the state level, Dr. Roycroft uses a methodology developed by FCC staff and applied by them at the national level.
  Unfortunately, this methodology makes many simplifications and approximations.  While such shortcuts are worrisome enough in measuring TFP at the national level, they are even more disturbing when one is trying to measure differences across states in TFP growth rates.

Measuring Output

C-11 Thus, the FCC methodology, which was followed by Dr. Roycroft, measures local output in terms of a single measure, local calls.
  It does not consider that the number of access lines is at least as important a measure of local service as the number of local calls.

C-12 Interestingly, in a different context, Dr. Roycroft recognized some of the shortcomings of local calls as a measure:

"…local calls as a variable may have a problem from the standpoint that local calls don't necessarily mean the same thing at the beginning period and end period."

C-13 According to Dr. Roycroft, inconsistencies over time arise because of change in EAS areas and because, with the advent of toll competition, ILECs have redefined local calling areas.

C-14 Another worrisome aspect of using local calls as the sole measure of local output is that it omits other local services, such as options and features, local private lines, and local data services.  As Dr. Roycroft agreed, including these other aspects of local output could change the resulting TFP growth rates, especially the way they vary across states.

C-15 As Dr. Roycroft acknowledged, the shortcomings of using only local calls as a measure of local output, and omitting other local services, were acknowledged by the FCC, who attempted to correct for it in a subsequent TFP study in 1999.
  Nevertheless, Dr. Roycroft chose not to correct his analysis, to remove this flaw, for three reasons:  1) the impact of the FCC's corrections was small; 2) the corrections led to an increase in the aggregate level of TFP; and 3) the error was systematic and affected all the state‑level results in his sample.

C-16 In the Companies' view, errors that may be small when measuring aggregate TFP at the national level, may nevertheless have very large effects when comparing results across states.  The Companies are perplexed as to why Dr. Roycroft chose not to correct his analysis, or at least test its sensitivity to alternative measures of local output.

Measuring Inputs

C-17 The methodology set out by the FCC staff, and followed by Dr. Roycroft, also makes unwarranted assumptions when it measures inputs. 

C-18 In a telephone company's operations, some of its labor is capitalized, and shows up as plant in‑service and in net book value.  Unless this labor is subtracted from labor used for operations, there will be double‑counting:  some employees and their time will be counted once as a non‑capital labor input, and another time as a capital input.  Dr. Roycroft agreed that, in following the FCC methodology, his estimates of TFP growth rates also double‑count labor.
  As yearly changes in the amount of capitalized labor vary across states, Dr. Roycroft's TFP growth estimates will not accurately reflect differences across states.

C-19 The FCC's methodology employs a single aggregate category of plant, for simplicity, and Dr. Roycroft does the same.  Dr. Roycroft did not check to see what impact disaggregating plant would have on his results, but agreed that it would have an impact.

C-20 Similarly, the FCC methodology, and Dr. Roycroft, omit land as a capital input.  Dr. Roycroft agreed that, if different companies differ in their use of land, that could also affect his TFP results.

C-21 The Companies consider that shortcuts, which may or may not be acceptable when measuring TFP at a broad aggregate level for the U.S. telecommunications industry as a whole, are totally inappropriate for an analysis which critically depends on differences across states.  In effect, Dr. Roycroft's regression analysis exploits different TFP growth rates in different states to infer what factors have an impact, and how great that impact is.  Even very small errors in the state‑specific TFP growth rates can lead to very large errors in the explanatory variables found to be significant and in the magnitude of their coefficients.

C-22 Moreover, the U.S. Court of Appeals has rejected the FCC's 6.5% X‑factor as inadequately justified on two occasions.  Moreover, the FCC itself has abandoned it as a measure of productivity.  As stated recently by a Hearing Examiner for the Illinois Commerce Commission:

"We find it very telling that even the FCC has not adopted 6.5 per cent X factor as a productivity factor, but rather prefers to call it a transitional mechanism or a policy instrument.  There remains serious methodological issues associated with the FCC's staff's prior analysis which forms the basis for a 6.5 per cent X factor."

The Regression Analysis

C-23 Once he had estimated TFP growth rates for the years 1986 to 1998 for thirteen states, Dr. Roycroft used these as dependent variables in a regression analysis, reproduced as Table 9 of his paper.  This analysis purports to show the impact of different factors on TFP growth rates.  In particular, it purports to show that change of regulatory regime from rate base/rate of return to incentive regulation or price caps has a very large and persistent positive effect.

C-24 Many of the coefficients in Dr. Roycroft's regression analysis are so large as to be implausible.  For example, the introduction of local competition, as represented by the passage of the Telecommunications Act of 1996, is shown to decrease productivity growth by 3.9% per year for subsequent years, below what it would otherwise have been.  For the two years 1997 and 1998, included in Dr. Roycroft's analysis, this implies a cumulative decrease of 7.6%.

C-25 Dr. Roycroft cautioned against extrapolating this cumulative effect to years after 1998, postulating the possible impact of one‑time events in 1997 and 1998:

"If in subsequent years those sorts of transition input changes did not occur, then in other years of data you would expect to not find that same impact."

C-26 Whether the estimated decline of 7.6% in productivity due to local competition is transitional or not, the Companies find the magnitude not credible.

C-27 Dr. Roycroft's analysis also shows that Ameritech and Bell Atlantic have TFP growth rates that average some 4% below that of Pacific Bell, annually for each of the thirteen years of the study, even after taking into account all the other variables in his equation.
  While Dr. Roycroft speculated that the difference could be due to factors such as higher rates of population growth in California, he acknowledged that some of the effects of higher population growth should have been reflected in another of his explanatory variables, the rate of line growth.
  The reasons why Pacific Bell can systematically achieve TFP growth rates some 4% higher than Ameritech or Bell Atlantic remain a mystery in Dr. Roycroft's analysis.

C-28 In the Companies' view, such a large unexplained difference between different productivity growth in the same industry is not credible.  There are certainly some variables, which have been omitted, and which would explain most of this difference.  Inclusion of such additional variables, which should certainly be done, would also change the coefficients of all other variables in the regression equation.

C-29 The magnitude of the impact of changes in regulatory regime implied by Dr. Roycroft's results is also implausibly large.  Because of the divided jurisdiction in the U.S., Dr. Roycroft includes six different dummy variables purporting to estimate the impact of moving from rate base/rate of return regulation to various mixes of incentive or price cap regulation at the state and federal levels.  The coefficients, which measure increase in TFP growth relative to what would have been under rate base/rate of return regulation, cluster around 5% a year.  Dr. Roycroft draws the conclusion that a move to incentive regulation or price caps will have a lasting effect on TFP growth rates.

C-30 It is interesting to contrast Dr. Roycroft's interpretation of his variables representing new regulatory regimes with the interpretation of his variable representing local competition.  In the latter effect, Dr. Roycroft thinks that we are in the presence of a transitory phenomenon, on purely theoretical grounds, since his data do not support such an interpretation.  For a change of regulatory regime, however, Dr. Roycroft believes that we see a persistent effect.  The statistical tests for change of regulatory regime are exactly the same as for the impact of local competition.  Thus, Dr. Roycroft's conclusion must again rely on theory rather than on his empirical results.

C-31 Dr. Roycroft takes comfort from the fact that his variables for regulatory regimes span a longer period of time than for local competition.
  However, this ignores the fact that he is using six different dummy variables over a thirteen year period, and that, by simple division, on average the impact of any one of these variables cannot have lasted more than two or three years.  Even though a price cap plan may have lasted for four or five years for one of the state‑level companies he included in his study, a new plan would have come into effect during that time period for several other companies in his sample.  Thus he cannot use his data to separate a series of transitional effects from a single persistent and enduring effect. 

C-32 In any case, the Companies note that the impacts of new regulatory regimes, as estimated by Dr. Roycroft, range as high as 8.3% per year and cluster around 5% per year, lasting indefinitely. Such high numbers are simply not plausible. 

C-33 Finally, Dr. Roycroft's analysis is very sensitive to the way he represents the various factors affecting TFP growth rates.  For example, Dr. Roycroft chooses to measure technological development by the number of kilometres of optical fibre route in place.  A better measure, both theoretically and empirically, would be a simple time trend.  Yet substitution of a time trend for kilometres of fibre dramatically alters the results of Dr. Roycroft's analysis and changes the conclusions.  This result is discussed in more detail in the following paragraphs.

C-34 In analysis of the kind undertaken by Dr. Roycroft, it is customary to control for technological progress.  Dr. Roycroft does so by introducing a variable in his regression equation representing the number of kilometres of fibre route for each company and each year.
  However, kilometres of fibre cable measure only one aspect of technology development.  Other aspects include digital switching, databases and intelligence in the network, and the use and upgrade of opto‑electronic equipment to increase the capacity of the fibre cable. 

C-35 Dr. Roycroft himself recognized that his measure of fibre kilometres is incomplete, and tried to capture other aspects of technology:

"I wanted to include switching.  There was not a complete data trend available for switching, therefore…I selected to leave the switching out and go with fibre only."

C-36 In the Companies' view, kilometres of fibre cable route is a very incomplete and, indeed, misleading indicator of the state of technological development, especially for a local exchange carrier.  While fibre systems are an increasingly important ingredient of modern local networks, the distances are not as long as for interexchange carriers.  To the extent that fibre is important, it is the capacity in terms of bandwidth, rather than the mere distance covered.  This, in turn, depends on the number of fibres per cable and on the electronic equipment at each end.  Indeed, a fibre cable's capacity can be upgraded indefinitely, simply by upgrading the electronics at each end.

C-37 Further, local exchange carriers are critically dependent on new services and functionality, which in turn depend on digitization of networks and addition of intelligence, in the form of databases and a separate signalling network.  These technologies are quite independent of fibre optics.  Contrary to Dr. Roycroft's assertion, kilometres of fibre route is not a reasonable proxy.

C-38 When more precise information on technology trends is unavailable, it is common practice to use a time trend instead.  As Professors Denny, Fuss, Everson, and Waverman have written:

"The most common indicator of technical change used in econometric studies is the passage of time."

C-39 Not only is a time trend superior in theory to kilometres of fibre route as a representation of technological progress, it also proves to be superior empirically.  Indeed, re‑estimating Dr. Roycroft's model with only one change, namely substituting a time trend for kilometres of fibre, produces a model with statistical properties that are much superior.
  As Dr. Roycroft himself admits, the new model has "somewhat better predictive power for the regression".

C-40 In fact, the model with the time trend has significantly better explanatory power.  The F‑statistic, indicating statistical significance of the results, increases from 282 to 15,784.  The R‑squared statistic increases from 0.9525 to 0.9991, i.e., almost complete explanatory power.  The T‑ratio for the time trend variable is 138, whereas by comparison the T‑ratio for kilometres of fibre cable was only 4.

C-41 Unfortunately for Dr. Roycroft's theory, using a time trend instead of kilometres of fibre cable completely changes the inferences to be drawn about the impact of different regulatory regimes.  The impacts are even more statistically significant than before, but the signs are reversed.  Instead of increasing the TFP growth rate, moving from rate base/rate of return to incentive or price cap regulation now decreases the TFP growth rate, by 3% to 4% per year.

C-42 The Companies have no explanation for this result.  Neither does Dr. Roycroft, who says that "…the time trend is somewhat of a puzzle to me."
  Perhaps the answer lies in Dr. Roycroft's speculation:

"What your results suggest is that technology is such a dominating factor that all of that other stuff really doesn't matter."

C-43 What is clear, though, is that Dr. Roycroft's results are very sensitive indeed to the manner in which he measures the various factors he includes in his analysis.  A plausible alternative, for example measuring technological progress by means of a time trend rather than kilometres of fibre route, completely reverses the results of his analysis.  This is an analysis that needs much more work before it can be relied upon for guidance for the solution of real‑world problems.

Conclusion

C-44 In the Companies' view, Dr. Roycroft's study suffers from serious defects and should be given no weight by the Commission in its determination of an X‑factor or productivity offset in this proceeding.  There are three categories of problems, any one of which would be sufficient to reach this conclusion.

C-45 First, the state‑level data used by Dr. Roycroft to estimate TFP growth for his sample of thirteen companies is unreliable.  The data were collected by the FCC for historical reasons that were no longer applicable.  The data are not audited or verified at the state‑level.  Furthermore, the allocation of Regional Bell Operating Company data to the state‑level seems to be based on outdated methods and assumptions.  As a result, the very base of Dr. Roycroft's study is unreliable.

C-46 Second, the methodology used by Dr. Roycroft to estimate TFP from the data he found, is overly simplistic and, in some cases, wrong.  For example, local output is measured by a single measure, local calls.  Labor input is double counted.  Capital input is aggregated into a single category, and land is omitted altogether.  Even if Dr. Roycroft's state‑level data were reliable, the TFP growth rates he estimates would not be. 

C-47 Third, the regression results obtained by Dr. Roycroft are implausible.  For example, the impacts of local competition on productivity growth are estimated to be very large and negative, starting the very year after passage of the enabling legislation, long before competition had even had a chance to start.

C-48 As well, the regression results obtained by Dr. Roycroft are very sensitive to the way he specifies and measures the various factors in his analysis.  For example, measuring technological progress by a time trend, rather than by kilometres of fibre route, is both theoretically attractive and empirically superior.  However, doing so dramatically changes the results of Dr. Roycroft's model.  A model this fragile and sensitive to small changes cannot serve as an input to the Commission's decision‑making. 
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