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RAND Journal of Economics Vol. 23, No. 2, Summer 1992



Unnatural monopolies in local telephone Richard T. Shin * and John S. Ying* *



We attempt to overcome the serious data problems of past telecommunications cost studies by focusing on local exchange carriers (LECs). With enough degrees offreedom to yield precise estimates, our global subadditivity tests show that the cost function is definitely not subadditive. The results suggest that the benefits to breaking up the monopoly outputs of existing LECs substantially outweigh the potential losses in efficiency. They also support permitting entry and increasing competition in local exchange markets. Furthermore,given the competitive nature of long distance service, it is doubtful that the predivestiture Bell System was a natural monopoly.



1. Introduction * The divestiture of the American Telephone and Telegraph Company (AT&T) on January 1, 1984, as part of the modified final judgment, was based on alleged antitrust violations, but the underlying economic rationale was that AT&T was not a natural monopoly. Although the question of whether a telephone utility is a natural monopoly has been studied empirically since the 1970s, it has never been fully resolved. Most of the cost or production functions estimated to test for scale economies have been based on time series data from large telephone utilities, namely AT&T and Bell Canada. Many economists have estimated single-output and multioutput cost functions using different methods to control for technological changes over time, yet their assessments of natural monopoly have produced inconsistent results. A major problem with previous studies has been the choice of data and level of aggregation. All have relied on aggregate time series data. With a small number of observations of highly correlated variables, the results would be (and have been) susceptible to specifications and estimation techniques. Past researchers may have obtained biased estimates of scale elasticities, since the output and technological change variables are highly correlated over time. In addition, as pointed out by Shin (1988), if technological changes are rapid and large and are not properly captured, then it is possible that even if no scale economies
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are present in the relevant ranges, the time series estimations can produce a cost function that exhibits high economies of scale. To overcome these difficulties, to shed new light on the debate, and to investigate a more relevant question currentlyfacing the telephone industry, we examine the subadditivity of local exchange carriers (LECs). Our approach overcomes these shortcomings because our data consist of a pooled cross-sectional sample of 58 LECs from 1976 to 1983. The small sample size attributed to the aggregate time series data, which may have tainted the results of previous research, is no longer a problem. In fact, other than perfectly modelling the technological changes over time, using panel data is the best way to solve the problem posed by Shin (1988). In addition to solving the data problems, our fresh approach casts new light on the AT&T debate. At the time of the divestiture, the presumption seemed to be that local telephone service by itself may well exhibit monopoly characteristics. The more difficult question was whether AT&T in also providing competitive long distance was a natural monopoly. Since the 22 Bell operating companies (BOCs or "Baby Bells") were an integral part of the Bell System, if we find that not even the LECs are natural monopolies, then the possibility of AT&T being a natural monopoly is remote. Also, if we find evidence of no subadditivity in LECs, then AT&T may not have been a cost minimizer and could have lowered its total system cost by breaking up the BOCs. Thus, showing that LECs do not have a subadditive cost function provides a new justification for the divestiture. However, if LECs are natural monopolies, then no clear answer emerges on the issue of natural monopoly of the Bell System. Even more important, our approach addresses one of the most relevant policy issues to arise since the breakup. Because it is practically impossible to reverse the divestiture of AT&T, an important public policy question is whether to permit entry and competition in the local exchange or intra-LATA market. After the breakup, state regulators have been more inclined to consider aspects of deregulation in their own jurisdictions. This gradual move toward increased competition may not be justified if local telephone companies are natural monopolies. However, as discussed below, we find that LECs do not have a subadditive cost function. Indeed, breaking up the existing LECs or allowing local exchange competition may result in substantial cost savings. One note of caution is that our calculations do not incorporate interconnection costs between competitors, but they are likely to be small. Before presenting our results, we examine and summarize the research on the subadditivity of AT&T's cost function. Although most studies have used aggregate time series data from the Bell System, the empirical results have not been consistent. In estimating a single-output cost function, Christensen, Cummings, and Schoech (1983) report scale elasticities from 1.50 to 1.65. Rejecting the single-output specification of the cost function as inadequate, Evans and Heckman (1983) estimate a multiproduct cost function using the data developed by Christensen and output data created by dividing revenues by the average price of local and toll services. After applying a local test of subadditivity, which constrains the output region to that of the available data, they reject the natural monopoly hypothesis. Supposedly utilizing the same data and functional form, Charnes, Cooper, and Sueyoshi (1988) try goal programming estimators to yield the opposite result. In a rejoinder, Evans and Heckman (1988) argue that differences in the data and the model make the comparison impractical. They show that goal programming and regression analysis produce similar results if the same data and functional forms are used. Evans and Heckman (1988) conclude from this exercise that "finding better data and not alternative estimation metrics would be a more fruitful line of inquiry." Instead of following this advice, Roller (1 990b) modifies the Evans and Heckman subadditivity test by further constraining the testable region to where the cost function is "proper." A proper cost function as defined by Roller has nonnegative marginal costs, is
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nonnegative, and is homogeneous, monotonic, and concave in the input prices. He argues that positive marginal costs is the most important propertybecause it ensures that degenerate translog behavior is not excessive. Then the Evans and Heckman results are reversed. In addition, R6ller (1 990a) estimates a generalized-CES-quadraticcost function whose primary virtue is properness. Again, he finds that the Bell System is a natural monopoly. But as he points out, there is a tradeoff between flexibility and properness. Since the point of these studies is to determine the technological structure, we feel that sacrificing flexibility is too high a price to pay for properness. Rather than possibly creating bias by incorrectly estimating the underlying technology, we have chosen to preserve flexibility by estimating a translog cost function with the correct technology, and to check for regularity and nonnegative marginal costs afterwards. All of the above studies are based on the limited AT&T data generated by Christensen et al. Their sample contains 31 observations of highly correlated annual time series cost data from 1947 to 1977. Given that the number of observations is small relative to the number of parameters being estimated, it is not surprising that the results have oscillated depending on the specification and the estimation technique. In comparison to previous research, our methodology offers several advantages. Since there is a large number of local exchange carriers(including the Baby Bells), we can create cross-sectional time series data with enough degrees of freedom to yield precise estimates. With 58 firms in our sample for each of the eight years, our estimate of the cost function does not overestimate scale economies. Not only do we have more observations, we have better data. For example, our output variables are not calculated using revenues. We use access lines and the number of calls reported by the firms to the Federal Communications Commission (FCC). Also, the range of values for the outputs have much higher variance. This suggests that using the local test proposed by Evans and Heckman is not critical. Furthermore, our results indicate that our cost function is robust to R6ller's criticism. That is, when we impose properness by deleting observations with negative marginal costs before conducting the subadditivity test, our results are strengthened. In Section 2 of this article, we present the econometric specification of our cost model and the data and variables thereafter. In Section 4, we discuss the estimation results. Section 5 focuses on our subadditivity tests and results. Lastly, we conclude with a summary of the results and their public policy implications.



2. Cost model * To determine the technological structure of telephone local exchange carriers, we take the dual approach and estimate a multiproduct cost function. The long-run cost function can be written as



C = C(w, y, a, b, t), where C represents long-run total costs, w is a vector of factor prices, y is a vector of outputs, a is a vector of operating characteristics, b is an indicator variable for the Baby Bells, and t is a time trend. We assume that this cost function is twice-differentiable and can be approximated by a second-order Taylor series expansion. Past telecommunications cost studies typically examine AT&T or Bell Canada, and thus they sufferfrom limited degreesof freedom and possible specificationerrors.We attempt to circumvent these problems by estimating a cost function for a much larger set of local exchange carriers. Our econometric cost model specification is similar to that in Ying and Shin (1992), which examines the effect of the AT&T divestiture on LEC productivity. Although there are many possible choices for the functional form, we adopt the well-known translog flexible functional form. It is written as
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where e is a disturbance term comprising two components, a remainder term r and a random measurement error term 5. All variables except b and t are divided by their sample mean. Assuming cost minimization given the regulatory constraints, Shephard's lemma can be applied to obtain the cost share equations si = ai +
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where Ei is the disturbance term for the ith factor share equation. It has two components, a remainder ri = Or/Owi and white noise bi. Symmetry and homogeneity of degree one in factor prices are imposed via parameter constraints. We jointly estimate the cost function and factor share equations by iterating Zellner's two-step procedure for estimating seemingly unrelated regressions. Since the factor shares sum to 1, one of the cost share equations is deleted to obtain a nonsingular covariance matrix. The resulting parameter estimates are asymptotically equivalent to maximum likelihood estimates and are thus invariant to the equation deleted.



3. Data and variables * To minimize any data problems arising from the AT&T breakup in 1984, the data set consists of a panel of local exchange carriers over 1976-1983. The primary data source is the Statistics of Communications Common Carriers, published annually by the FCC. Because of omissions and changing reporting requirements, some data have been collected from detailed forms at the FCC. After considering only those firms with continuously available data, and eliminating those with unaccountable omissions or errors, the sample comprises 58 LECs and 464 observations. To calculate total cost ( TC), expenses for factors excluding capital are given by operating expenses minus depreciation. For capital expenditures, we begin with the gross communications plant, which principally includes plant in service (central office equipment, cables, buildings, etc.) and plant under construction. Then, a real capital stock is obtained by dividing the gross communication plant by the 20-year average communications equipment implicit price deflator, available from The National Income and Product Accounts. After conversion to current dollars, the annuity form of depreciation is used to calculate the annual interest and depreciation costs of capital. This method assumes that capital has constant productivity over its life. The interest rate is taken from the average price of new capital on domestic telephone bonds, listed in Moody's Public Utility Manual. Working capital is also accounted for by current assets minus liabilities, with the same user cost of capital. For the inputs, the price of labor (PL) is compensation per employee. Because of an FCC waiver of reporting requirements, data on number of employees for 1982-1983 are only available in the pensions paid schedule (60B) of the Annual Report, Form M. For several other firms, especially those in the Continental system, more detailed data have been retrieved from Annual Employment Reports, Form 395. The capital price (PK) is capital expenses divided by the average number of telephones or access lines. For the price of other factors (PO), residual expenses are divided by the average number of access lines. The factor shares are the corresponding expenses over total cost. The basic output variable is the average number of access lines or telephones ( TL), while the output usage variables consist of local calls (LO) and toll calls (TO). To capture
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the heterogeneous nature of output, the vector of operating characteristics includes the number of central offices (CO), average loop length (AL), and the percentage of access lines that are electronic (EA). Electronic access lines can be viewed as a proxy for quality or technology. Zero values for EA have been changed to 0.00001. For a few firms, an apparent change in their classification of electronic lines has led to some adjustments in these data. The average loop length, which is miles of cable per telephone, indicates the density of service. For example, rural areas would have longer loop lengths and be more costly to serve, all else equal. Because the 22 BOCs were originally part of AT&T, are generally larger, and have various other distinct characteristics,they may be considered different from the other LECs in the sample. While many of these differences may be exhibited by existing variables in the cost function, including a variable indicating whether the company is a Baby Bell would capture other less tangible features. This variable (B) is a dummy variable with a value of 1 if the LEC is a Baby Bell and 0 otherwise. Although some other firms in the sample are part of other systems, they are not particularlydistinct, so we have not estimated additional system indicator variables. Similarly, a time trend (T) has been added to account for possible unmeasured dynamic changes, such as technological progress. Since the percentage electronic access variable arguably could be a proxy for technology, a time trend may not be necessary. As a final note about the data, a possible concern might be the effect of the complex separations and settlements process used to assign nontraffic sensitive (NTS) costs between interstate and intrastate regulatory jurisdictions. Over time, regulators have increased the allocation to interstate, giving rise to a toll-to-local subsidy. Because the FCC data are compiled from filed annual Form M reports, which contain operating statistics before the separations and settlements process, our cost data are not affected by the allocation of NTS costs.



4. Estimation



results



U The estimation results for the translog cost function are presented in the appendix. Of the 65 parameters estimated, 34 are significant at the 1%level, 7 more are significant at the 5% level, and 5 are significant at the 10%level. The first-orderterms for the independent variables in our model are all highly significant, well beyond the 5% level. There seems to be little doubt that none of the variables used in the cost function should be deleted. For example, a quasi-likelihood ratio test of the Bell variable shows that it is significant at greater than the .05% level. In general, the parameter estimates obtained for the current model are very similar to those in Ying and Shin (1992). Below, we briefly discuss the estimated parameters and evaluate their plausibility. Although the output variables will primarily be examined later along with the subadditivity results, the estimated parameters for the second-order output terms are of relevance here. They are all less than one and of mixed signs. Contrast these results to those in Evans and Heckman (1983) or Charnes, Cooper, and Sueyoshi (1988), where they are of implausibly large magnitudes. With absolute values in the 5 to 10 range, a 1%increase in an output can cause an incredibly large increase or decrease in output cost elasticity. For the input prices, the cost elasticities or factor shares at the sample mean are all positive with plausible magnitudes. The labor, capital, and other input shares are .3256, .5357, and .1387, respectively. The interaction terms with time reveal a tendency for labor share to decrease and for capital and other input shares to increase over time. Since capital share is rising faster, we expect gradual capitalization over the years. The interaction terms with the Bell indicator variable show that the BOCs tend to use relatively less labor and capital and higher amounts of other inputs.
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The key technology variable in our model is the percentage electronic access variable (EA). The negative, significant but small first-orderterm indicates that as more access lines are converted to electronic access, costs will decline slightly. This is expected, since electronic and digitaltechnologies offer many advantages,some of which are cost saving. The interaction term with the time trend suggests that this advantage will dissipate over time. Interestingly, the positive interaction term between the Bell dummy and EA is large enough to change the sign on EA for the BOCs. The Baby Bells may already have exhausted the advantages from converting their access lines to electronic access. After most access lines have been converted, the cost of marginally converting a remote central office with very few access lines to electronic access can be substantial. The average loop length (AL) has a positive and significant first-order and squared term, which indicates that as AL increases, the cost elasticity will increase rapidly. This is in line with the conventional belief that if demand is not densely packed, thus requiring more miles of cable per access line, then costs should rise accordingly. From the interaction term with PL, as AL increases, share of labor also rises, since putting in underground cables and maintaining all types of cables and wires are very labor intensive. Over time, the cost elasticity of AL has declined. Another characteristic variable, the number of central offices (CO), also has a direct effect on costs due to its positive and significant first-ordercoefficient. However, its impact is not as severe as that of AL, since the magnitude of CO's first-order coefficient is less. Having more central offices tends to lower the cost elasticity of access and toll calls but raise the cost elasticity of local calls. One possible explanation is that as CO increases, holding all else constant, the average central office size declines. Fewer access lines per central office decreases the cost impact of increasing access, but less local calls per central office may prevent the realization of some scale economies in switches. For toll calls, because the average distance per toll call decreases as CO increases, costs should fall. The cost elasticity of CO will decrease over time. We have included a time trend variable (T) to measure normal productivity changes due partly to technological changes not explicitly modelled. The first-ordercoefficient for T is negative and highly significant at -.01251. Evaluated at the sample mean, the cost elasticity is -.00724. The positive second-order parameter indicates that these productivity gains diminish with time. From the interaction term with B, it appears that the BOCs have experienced somewhat more productivity increases than the non-Bell LECs. Finally, our dummy variable (B), denoting the 22 Bell operating companies, has a positive and significant first-ordercoefficient, suggesting that these companies tend to have higher costs than non-Bell companies. However, the negative interaction term between B and T shows that the cost differential diminishes over time. Most of the other interaction terms have been previously discussed. Cost elasticity for the BOCs is higher for access lines and lower for local and toll calls. Before discussing the subadditivityof the cost function, we briefly consider the regularity conditions for the estimated translog cost function. We impose homogeneity and symmetry during the estimation, while continuity follows from the functional form. We check for monotonicity and concavity. Of the 464 observations, only 6 violate weak monotonicity, while 446 (96.1%) are concave in factor prices and regular. We have also checked for negative marginal costs. In this case, only 31 observations (6.7%) have negative marginal costs. Overall, 90.7% of the data points are proper. These results confirm our belief that it is better to estimate a flexible cost function and then check for regularity conditions.



5. Subadditivity



of local exchange



carriers



* As discussed in the introduction, economic arguments for the breakup of AT&T were predicated on the notion that it was not a natural monopoly. That question is an empirical
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one that has never been fully resolved. While some interesting techniques have been developed in attempting to answer the question, we believe that the basic problem lies in the data and possibly in the model specification. Although we do not determine the technological structure of AT&T, our more disaggregateapproach can shed light on the issue, as well as provide policy implications for another issue of current importance, local exchange competition. In this section, we use the estimation results of Section 4 to test for subadditivity of local exchange carrier costs. An easy but preliminary method of assessing LEC technology is to simply examine the parameterestimates. The first-ordercoefficients on the three output variablesare all positive, less than one, and highly significant, as expected. In a multiproduct context, overall scale elasticity is calculated by summing the output cost elasticities. At the sample mean for all variables, it equals .9580. Increasing access lines, local and toll calls by 1%increases costs by slightly less than 1%,indicating mild scale economies. When the overall scale elasticity is computed at Bell and non-Bell averagesfor all variables,both continue to exhibit increasing returns to scale, with the BOCs slightly more so. These results are comparable to those in Ying and Shin (1992), which are based on a sample of firms from 1976 to 1987. Do the above calculations suggest that LECs are natural monopolies? Not necessarily. For a firm to be a natural monopoly, its cost function must be strictly and globally subadditive. Subadditivity requires that the cost of producing the monopoly output, qm, be strictly less than the costs of any n vector of outputs summing to q'n. In practice, n is typically limited to the case of two firms, a and b. Thus, a test of subadditivity involves checking for C(q') where qa + qb



< C(qq) + C(qb),



(2)



= q in



Furthermore, because of the global nature of subadditivity, Evans and Heckman ( 1983 and 1984) have proposed a local test. It is local in the sense that the hypothetical outputs of the two firms are required to be no less than the minima of the data and must lie within the sample range of ratios. Given the limited AT&T data they employ, it is understandable why Evans and Heckman needed to restrict their test as a practical matter. Because our data set is much larger and of a much wider range, we test for subadditivity more globally. For a comparison of the output data, see Table 1, which presents some output summary statistics. More specifically, we test for the condition given by equation (2), where each vector consists of three outputs, (ql, q2, q3), where qj refers to access, local and toll calls. To generate the hypothetical output vectors, TABLE 1



Summary Statistics of LEC and AT&T Output Data AT&T Outputs, 1947-1977a



LEC Outputs, 1976-1983



Maximum Minimum Ratio of Max/Min Mean Standard deviation Normalized SD



Access Lines (Thousand)



Local Calls (Million)



Toll Calls (Million)



Ratiob



Local



Toll



Ratiob



17009.8 8.5 1996.0 2659.3 3830.9 1.44



37989.1 14.4 2646.8 4924.3 7381.8 1.50



6765.5 1.1 6246.5 553.7 900.2 1.63



96.65 3.17 30.44 10.51 8.35 0.79



2.29 0.41 5.59 1.17 0.56 0.48



4.68 0.35 13.52 1.61 1.26 0.78



1.27 0.49 2.60 0.91 0.26 0.28



a Source:Evans and Heckman (1983, with 1986 corrections).Their output measuresare Tornqvistindices generated from revenue data and price indices. b This is the ratio of local-to-toll calls.
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where the scalars K, X, and v = (0.1, 0.2, ..., 0.9). Because we do not impose minimum output bounds, the scalar vector does not include zero. That is, firms a and b are not permitted to produce zero outputs where the translog cost function would not be defined. Also, we consider only the unique vector combinations, which in this case is 365 for each observation. As the monopoly outputs are divided between the two firms, most of the other variables in the cost function are left unchanged. The only exceptions involve the variables for central office (CO) and electronic access (EA). For CO, each hypothetical firm is assigned the same fraction of central offices as its assigned fraction of access lines, rounded to the nearest integer. Our program also ensures that each firm has at least one central office. For electronic access, the value is unchanged except when a firm has only one central office. If the hypothetical firm's number of access lines is less than the monopoly's number of electronic access lines, and the monopoly's EA is at least 50%,then this firm with one central office is assigned 100%electronic access. Otherwise, EA is 0% (changed to .00001).



o



Basic results. For each of the 464 observations, the costs of the 365 hypothetical output vector pairs are compared to the cost of the monopoly firm's output. To avoid memory problems, the data has been processed by year, or in groups of 58 observations. Because the results for each year are qualitatively similar, our initial discussion of more detailed results will center on only the most recent year in the sample, 1983. Abbreviated summaries for all years are presented in Table 2, and more complete results for 1983 are available upon request. In 1983, of the 21,170 possible configurations, only 6985, or 33%, result in a single firm being able to produce at a lower cost than two firms. The degree to which a monopoly is relatively more efficient seems to lessen as the firm's size, as measured by access lines, increases. However, the evidence is far from clear-cut. What is unambiguous is that the cost structure of local exchange carriers is not globally subadditive. If the outputs of existing TABLE 2



Subadditivity Summary Statistics by Year Monopoly Costs Lower Than Two-Firm Costsa



Savings From Having a Monopolyb (Percent)



Year



N



Percent



Minimum



Maximum



Average



Std. Error



1976 1977 1978 1979 1980 1981 1982 1983



4224 4798 5357 6038 6877 8107 8228 6985



20.0 22.7 25.3 28.5 32.5 38.3 38.9 33.0



-33.38 -32.97 -31.92 -30.26 -28.46 -25.12 -25.46 -25.78



13.00 15.37 17.16 17.92 21.78 26.95 27.77 24.44



-3.81 -3.55 -3.27 -2.85 -2.36 -1.66 -1.62 -2.02



0.034 0.034 0.033 0.032 0.031 0.029 0.029 0.029



a Of the 21,170 possible two-firm output combinations considered per year, these are the frequencyand percentage of cases with monopoly costs lower than the sum of two-firm costs: C(qm) < C(qa) + C(qb), where C(qq) equals



the cost of producing the monopoly output, and qa + qb = qm . b The savings equal 100 ([C(qa) + C(qb)] - C(qqm))/C(qqm). Thus, positive values indicate subadditivity



negative values indicate superadditivity.
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LECs were divided among two firms, in 67% of the possible vector combinations, society would benefit from lower costs. Also in Table 2 are the minimum, maximum, and average percentage differences between the monopoly and two-firm costs, where positive values indicate that monopoly costs are lower. Considering that in only 33% of the cases is a monopoly more efficient, it is not surprising that overall, two firms can produce output at an average 2% lower cost. The average gain in efficiency from breaking up the monopoly generally increases with access lines. Past studies have presented only the minimum percentage difference, and in all cases for this study, it is negative. That is, costs are not subadditive but superadditive. Two firms sharing the monopoly output possibly can lower costs by an average minimum percentage difference of 17.7%or raise costs by an average maximum difference of 5%.These maxima and minima suggest that the risks of incorrectly breaking up an LEC are outweighed by the potential gains. The last column of standard errors shows that the percentage differences are all significantly different from zero. The summary results for 1976-1982 likewise indicate that costs are not subadditive in any year. In fact, costs are not subadditive for any of the 464 observations. At best in 1982, only 38.9% of the vector combinations produces lower single-firm costs. The minimum percentagedifference is consistently negative and statisticallydifferent from zero. The results also show that the potential gains to multifirm production exceed possible losses. These empirical results for LECs and the Baby Bells would seem to suggest that AT&T was also unlikely to be a natural monopoly before its breakup.



o Case of positive marginal costs. An area of concern about the above results might be whether they are robust to R6ller's (1990b) criticism. He argues that if the test region is constrained to exhibit positive marginal costs, then Evans and Heckman's (1984) results do not reject the natural monopoly hypothesis. To check this possibility, we calculate the marginal costs of the three outputs for each hypothetical vector combination. If any of the three marginal costs are negative, then that observation is deleted from the analysis. In addition, the points in the yearly summary statistics of Table 3 satisfy minimum output bounds. Imposing minimum bounds on output generally reduces the number of possible configurations by a relatively small amount, between 12.4%for 1981 and 15.2%in 1976, and TABLE 3



Subadditivity Summary Statistics with Positive Marginal Costs and Minimum Output Bounds, by Year Monopoly Costs Lower Than Two-Firm Costsa



Savings From Having a Monopolyb (Percent)



Year



Possible Cases



N



Percent



Minimum



Maximum



Average



Std. Error



1976 1977 1978 1979 1980 1981 1982 1983



16045 16196 15798 15043 13610 10744 10340 11324



3192 3553 3801 3887 3817 3412 3315 3164



19.9 21.9 24.1 25.8 28.0 31.8 32.1 27.9



-33.38 -32.97 -31.92 -30.26 -28.46 -25.12 -25.46 -25.78



2.72 2.76 2.80 2.75 2.83 2.70 2.74 2.58



-3.61 -3.46 -3.15 -2.79 -2.40 -1.77 -1.72 -1.85



0.036 0.035 0.034 0.032 0.031 0.029 0.029 0.028



a Of all the possible two-firm output combinations with positive marginal costs, these are the frequency and percentage of cases with monopoly costs lower than the sum of two-firm costs: C(qm) < C(qa) + C(qb), where C(qm) equals the cost of producing the monopoly output, and qa + qb = qm b The savings equal 100 m([C(qa) + C(qb)] - C(qm))/C(qm). Thus, positive values indicate subadditivity and negative values indicate superadditivity.
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has little effect on the subadditivityresults.The primaryconstraint is the propernesscondition of positive marginal costs. From Table 3, the decrease is greatest for 1982, 51.2%, and least for 1977, 23.5%. Still, over 10,000 remaining data points are not inconsequential. Of these remaining points, the average number of times where a single firm is more cost-effective is even smaller than it is with the full sample for each year. Imposing these additional conditions only serves to strengthen the case that LECS are not natural monopolies. This conclusion is reinforced by the data on percentage differences in costs. Although the minimum difference in each year remains unchanged, the maximum percentage difference, or the largest possible cost advantage to having a monopoly, uniformly decreases from a range of 13.0-27.8% to a narrow range near 2.7%. In each year, the average percentage difference is virtually unchanged. While, on balance, breaking up the monopoly output will produce about the same average cost savings, the absolute potential gains in efficiency now considerably exceed the potential losses. Again, the standard errors indicate that these percentages are significantly different from zero. Therefore, taking account of Roller's criticism supports our primary result even more forcefully. As an aside, we have checked the pattern of observations for which marginal costs are negative. First of all, of the nearly 170,000 combinations in our study, not one has a negative marginal cost of access. When the marginal cost of a local call is negative for one of the two firms, the tendency is for this to occur when the scalar multiple of local calls is very low, 0.1-0.2, for that firm. This suggests that these local exchange carriers with a given number of access lines are providing relatively little local call service. Such a scenario is highly improbable in the real world, and it is understandable why the marginal cost of a local call would then be unreasonable. For negative marginal toll costs, the pattern is similar in that it tends to occur when the scalar multiple of access lines has very low values. In this case, the unlikely situation is that of an LEC with relatively few access lines providing some given level of toll service. Although these output configurations are part of the global set of vectors, their implausibility does help explain why improper marginal cost estimates were obtained.



o



Case of fixed numberof central offices. The underlying policy implications of the subadditivity results are that either local exchange carriers should be broken up or the entry of competition should be permitted in local exchange or intra-LATA markets. The results presented thus far strongly support the former. However, since the latter is a more likely option, we have retested for subadditivity assuming that only the outputs themselves are divided, and not the number of central offices. Each of the two firms would possess the same number of central offices as the existing LEC. These results are summarized by year in Table 4. Compared to the summary statistics in Table 2, where firms are assigned a fraction of central offices, those in Table 4 reveal a noticeably larger number of vector combinations in which a single firm's costs are lower. This result is expected, since existing central offices are presumably designed to provide a larger amount of output services than that of the smaller two firms. Nevertheless, at about 45%, they comprise less than half the data points in every year. Consistent with this finding is a lower average efficiency gain from subdividing the output. The minimum percentage differences are also of smaller magnitude, but so are the maximum differences. Under the assumption of fixed central offices, the costs of LECs clearly continue not to be subadditive. However, these figures suggest that somewhat more care may be needed in introducing local exchange competition to ensure cost benefits to society.



6. Conclusion * Breaking up the Bell System must be considered one of the boldest examples ever of U.S. antitrust enforcement. The world's largest corporation, judged by many to be highly
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Subadditivity Summary Statistics with Fixed Number of Central Offices, by Year Monopoly Costs Lower Than TwoFirm Costsa



Savings From Having a Monopolyb (Percent)



Year



N



Percent



Minimum



Maximum



Average



Std. Error



1976 1977 1978 1979 1980 1981 1982 1983



9542 9611 9559 9509 9474 10015 10305 9949



45.1 45.4 45.2 44.9 44.8 47.3 48.7 47.0



-28.12 -27.76 -27.07 -25.91 -24.43 -21.82 -22.05 -22.11



10.54 16.78 11.57 17.78 19.56 21.97 23.15 23.66



-1.64 -1.60 -1.57 -1.49 -1.39 -1.01 -0.94 -1.09



0.031 0.031 0.030 0.030 0.028 0.027 0.028 0.027



a Of the 21,170 possible two-firm output combinations considered per year, these are the frequency and percentage of cases with monopoly costs lower than the sum of two-firm costs: C(qq") < C(Qa) + C(qb), where C(q'q) equals the cost of producing the monopoly output, and qa + qb =q b The savings equal 100. ([C(qa) + C(qb)] - C(q"))/C(q"). Thus, positive values indicate subadditivity and negative values indicate superadditivity.



efficient, divested itself of over half of its assets, and the nation's integrated telecommunications network finally came to an end-in part, presumably, because AT&T was not a natural monopoly. The breakup has spawned some interesting theoretical issues, much of them from AT&T's own Bell Laboratories.However, empirical effortsto analyze the natural monopoly question have been far from conclusive. In this article, we attempt to overcome the serious data problems in previous studies by focusing on local exchange carriers.Besides shedding new light on the AT&T debate, our approach also has important and current policy implications for local exchange or intra-LATA competition. By using an improved pooled cross section time series sample, we are able to obtain precise, plausible estimation parameters. Furthermore, the estimated cost function is well behaved. Although the overall scale elasticity indicates slight scale economies at the sample mean, our more global subadditivity tests show that the cost function is definitely not subadditive. The results suggest that the benefits to breaking up the monopoly outputs of existing local exchange carriers substantially outweigh the potential losses in efficiency. Deleting perverse vector combinations with negative marginal costs from the analysis only strengthens the conclusion. Our subadditivity tests with fixed numbers of central offices also find superadditive costs. The implications of these results are significant. First, with respect to AT&T, they provide support for the divestiture on economic grounds. With superadditive costs at the local level, it is doubtful that the Bell System was a natural monopoly. Also, since systemwide costs could have been lowered by breaking up the operating companies, AT&T may not have been minimizing costs. Second, while local exchange carriers may have monopoly status in their markets, our results show that economically, they are not classic natural monopolies. Breaking up the LECs would likely produce considerable cost savings to society. The tests also support permitting entry into local exchange markets. While our basic conclusions concerning competition in local telephone markets are indisputable, there are other considerations. For example, as in the case of long distance, there may be side effects, confusion, and disruptions, but hopefully they would be shortrun phenomena. Furthermore, our analysis does not provide clear recipes for how to break up the Baby Bells and other LECs, or how best to introduce competition. Dividing the outputs among two or more firms can be accomplished a number of ways within a local
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exchange market. The market could be divided geographically so that in any area, there remains a single firm. Although other technologies are under development, side-by-side competition in providing access and local service may not be currently feasible or beneficial. Our forthcoming article examining subadditivity at the central office level should give a clearer answer to this issue. Alternatively, long distance companies could be permitted into the intra-LATA toll market. Many possibilities exist, and regulators should be careful in implementing them to ensure that the savings are passed on to consumers. What our article does provide is the fundamental justification for these actions. Local telephone companies are unnatural monopolies in undeservedly protected monopoly markets. Appendix TABLE Al



Translog Cost Function Estimation Results Equation



Root MSE



R-Square



Total cost Labor share Capital share



0.09862 0.04674 0.04379



0.9977 0.2682 0.5187



Parameter



Estimate



Standard Error



Intercept PL PK TL LO TO CO EA AL B T '/2PL2 112PK2 '/2TL2



-0.01370 0.36509 0.52132 0.69532 0.16855 0.07729 0.02556 -0.00897 0.14390 0.02616 -0.01251 0.15912 0.17829 0.03241 0.05751 -0.02013 0.00861 -0.00177 0.04725 0.00142 -0.14357 -0.09540 0.06169 0.02590 0.00358 0.00055 0.05567 -0.00641 -0.00823 0.11381 -0.05549 -0.03815



0.01500 0.00686 0.00654 0.04279 0.02815 0.01783 0.01154 0.00257 0.02906 0.01298 0.00318 0.00238 0.00222 0.10854 0.04462 0.01605 0.00800 0.00034 0.02156 0.00043 0.00214 0.01594 0.01051 0.00668 0.00457 0.00071 0.00957 0.00586 0.00103 0.01567 0.01032 0.00638



'/2LO2 1/2TO2 '/2CO2



/2EA2 '/2AL2 1/2T2



PL *PK PL * TL PL *LO PL * TO PLYCO PL * EA PL*AL PL *B PLYT PK. TL PK-LO PK* TO



Parameter



Estimate



Standard Error



PK *CO PK EA PK-AL PK- B PK- T TL *LO TL TO TL * CO TL*EA TL*AL TL*B TL T LO * TO LOWCO LOWEA LO*AL LO*B LO* T TO *CO TO* EA TO*AL TO*B TO* T CO *EA CO-AL CO*B CO. T EA AL EA*B EART AL*B ALP T B*T



-0.01118 0.00015 -0.03480 -0.03431 0.00608 -0.07791 0.05633 -0.03718 -0.00144 -0.13062 0.07584 0.01630 -0.01630 0.05894 0.00128 0.08238 -0.02927 -0.01184 -0.02522 0.00283 0.02830 -0.03219 -0.00193 -0.00268 0.01632 0.00694 -0.00192 -0.00264 0.01941 0.00026 0.03148 -0.00874 -0.00293



0.00436 0.00068 0.00882 0.00555 0.00099 0.06773 0.03441 0.02177 0.00238 0.03745 0.02542 0.00408 0.01979 0.01534 0.00162 0.02463 0.01728 0.00259 0.00651 0.00120 0.01608 0.01085 0.00182 0.00110 0.01231 0.00965 0.00107 0.00194 0.00461 0.00019 0.01595 0.00272 0.00166



Definitions: PL = labor price, PK = capital price, TL = access lines, LO = local calls, TO = toll calls, CO = central offices, EA = % electronic access, AL = average loop length, B = Bell indicator, T = time trend.
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