NBER WORKING PAPER SERIES

THE EVOLUTION OF ADVANCED LARGE
SCALE INFORMATION INFRASTRUCTURE
IN THE UNITED STATES

Shane M. Greenstein
Mercedes M. Lizardo
Pablo T. Spiller

Working Paper 5929

NATIONAL BUREAU OF ECONOMIC RESEARCH
1050 Massachusetts Avenue
Cambridge, MA 02138
February 1997

We would like to thank the Institute for Government and Public Affairs at the University of Illinois
and the National Science Foundation for funding. We also thank Tim Bresnahan, Mike Mazzeo and
Walter Sosa for their comments and discussions. This paper is part of NBER's research program in
Productivity. Any opinions expressed are those of the authors and not those of the National Bureau
of Economic Research.

© 1997 by Shane M. Greenstein, Mercedes M. Lizardo and Pablo T. Spiller. All rights reserved.
Short sections of text, not to exceed two paragraphs, may be quoted without explicit permission
provided that full credit, including © notice, is given to the source.



The Evolution of Advanced Large Scale Information
Infrastructure in the United States

Shane M. Greenstein, Mercedes M. Lizardo

and Pablo T. Spiller

NBER Working Paper No. 5929

February 1997

Productivity

ABSTRACT

[s private industry investing in backbone digital technology in a manner consistent with
social policy? To address this question we assemble highly disaggregate data and compute indices
for the geographic distribution of advanced backbone information technology in computing and
telecommunications, focusing on recent changes in the indices. Our evidence suggests that the stock
of advanced information technology capital, and access to it, became more equally distributed across
the U.S. between the mid 1980s and early 1990s. In light of these findings there needs to be careful

rethinking of the current policy concerns about the distribution of backbone technologies.

Shane M. Greenstein Mercedes M. Lizardo

Department of Economics Department of Economics

University of Illinois, Urbana/Champaign University of [llinois, Urbana/Champaign
1206 South Sixth Street 1206 South Sixth Street

Champaign, IL 61820 Champaign, IL. 61820

and NBER

grnstn@uiuc.edu

Pablo T. Spiller

Haas School of Business
University of California, Berkeley
Berkeley, CA 94720



The Evolution of Advanced Information Infrastructure Page 2

“The traditional concept of universal service must be redefined to encompass a concept

more in line with the information superhighway of the future. ”

-- U.S. Advisory Council on the National Information Infrastructure, 1996, p. 31 --

I. Introduction

Many recent information infrastructure policy debates have centered on redefining
“universal access” to accommodate new information technologies. Analysts debate whether
private industry is providing equal access to new technologies or meeting other national goals for
wide dispersion of advanced information infrastructure.! Despite the prominence of this concern,
not much is known about how the recent rapid growth in digital backbone technologies altered
the distribution of information technology (IT) capital stock across the U.S., if at all.

To address this question, we examine the distribution of advanced large-scale backbone
computing and digital telecommunications infrastructure between 1986 and 1992, a period of
rapid growth in the backbone digital technology that makes up information capital. Our study
emphasize two findings. First, like all infrastructure in the U.S., advanced information
infrastructure is unevenly distributed. It follows population and locates in dense urban areas and
regions with large amounts of white collar work. Second, over time it has become less
concentrated in any specific region. Over these years advanced IT diffused across the geographic
landscape of the U.S. and access to it increased.

We analyze changes over time in the geographic distribution of three key ingredients of
the nation’s digital infrastructure: a) fiber optic deployment by local telephone companies, b) the

number of large-scale computer users, and c) the processing capacity of large-scale computers.

! For examples of recent studies, see National Academy of Engineering {1995], National Information
Infrastructure Advisory Council [1995], NTIA [1995], the Information Infrastructure Task Force [1993, 1994], Kalil
[1995], Kahin [1991], Moss and Townsend [1996], National Research Council [1996], Teske [1995].
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Our goal in this paper is to understand how the distribution of IT capital stock changed as it grew
in the late 1980s and early 1990s. We do not attempt to fully explain why the IT capital stock
grew as rapidly as it did, which is an enormous research question partly addressed by other
work.”> Instead, we confine our attention to a measurement question that directly relates to an
important policy discussion -- did the distribution of advanced IT capital become more or less
geographically concentrated during a period of rapid growth? We document and analyze the
changes that actually occurred.

Our indices are composed of very different parts of backbone technologies for regional
digital IT networks. Both computing and telecommunications recently experienced rapid declines
in price and rapid expansions in capital stocks. Each serves different functions, however. The
growth in fiber optic cable at local telephone companies measures a region’s ability to transmit
data in digital form, while growth in large-scale computing capacity measures the ability of firms
within the region to store and process large databases. In both cases, we interpret the level of
capital stock as representing a variety of activities associated with building public and private
digital IT networks in a region.

These two technologies have very different determinants. First, the firms making the
investment decisions for fiber are regulated, while the investors in computers are largely
unregulated. Second, large-scale computers began diffusing decades ago, although the recent
competition to large-scale computing may have altered its distribution. In contrast, the diffusion

of fiber as a market-oriented experience is a comparatively recent phenomenon. Yet, in spite of

2 For attempts to analyze the determinants of advanced telecommunication infrastructure, see our companion
papers using a similar set of data: Greenstein, McMaster and Spiller [1995], McMaster [1995], Greenstein and Spiller
{1996], and Greenstein, Sosa and Spiller [1996] and their references therein. For work on the determinants of growth
in the computing capital stock, see related analysis (on similar sets of data as in this paper) in Brown and Greenstein
[1995], Bresnahan and Greenstein [1995, 1996], Brynjolfsson and Hitt [1995], Ito [1996], and references therein.
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these differences, the customer bases for digital telecommunications and large-scale computing
partially overlap. Administrative-intensive work, such as banking, finance, insurance, real estate,
or business services, tends to make heavy use of advanced computing and digital
communications. Of course, there are also plenty of non-overlapping industries. Because of
these different investment processes and influences, it is not obvious whether these technologies
should become more widely or less widely dispersed during rapid growth and whether the pattern
of location of one of these technologies correlates with the pattern exhibited by the other.

We examine the post-divestiture years for both backbone technologies in 1986, 1989, and
1992, largely for pragmatic reasons. These are years of rapid investment and excellent
documentation. Our study uses a variety of standard methods for analyzing the distribution of the
capital stock across regions, as well as the distribution of access to capital.

We reach a stark conclusion. All indices we analyze show that these IT backbone
technologies have become more widely distributed and less concentrated across the U.S. over
time. This holds for the distribution of capital stock and for access to it. It is not possible to
sustain any Cassandra-inspired argument that the distribution has become more unequal over
time. We conclude that much of the current policy concerns about the distribution of backbone

technologies need careful refinement to reflect these facts.

II. Data
Our data set consists of information about local exchange companies (LECs) and large-
scale computer users in the U.S. in 1986, 1989, and 1992. It combines data first introduced in

Greenstein, McMaster and Spiller [1995] (GMS), in Bresnahan and Greenstein [1995, 1996]
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(BG), and in Hart, Nave, Raskob and Thomason [1982] (HNRT). Further documentation can be
found in the appendices of these papers.

Our unit of observation is the territory covered by a local exchange company (LEC) at the
substate level. This choice is made out of necessity, as no smaller geographic unit is reported to
the FCC -- the source of our data on telecommunications infrastructure. The shape of these
regions within a state depends on how the state divides up local telephone service franchises
among different companies. Some states divide up their territory among many companies and
some do not divide it at all. Most of these decisions were made years before. The appendix
includes a list of all these territories, the division of different states, and the major cities within
each LEC.

LECs’ fiber optic deployment data, as well as demographic and economic data of the
counties served by the carriers, come from GMS, while territorial extension data are from GMS
and HNRT.? There are 101 LECs that annually report their fiber deployment to the FCC.*
Demographic, economic, and territorial data of the counties served by each LEC are aggregated
to the company level within each state.” While some small independent companies do not report
to the FCC, the GMS data cover virtually all of the fiber optic cable used by local telephone

companies.® Figure 1 shows the geographic area corresponding to the 101 LECs reporting to the

3 The land areas from HNRT are for LEC square mileage in 1981. There may have been slight changes over
time due to merges and other transactions.

4 If a LEC generates more than 100 million dollars in revenue a year, it must report its infrastructure data to
the FCC. Fiber deployment is reported using M and ARMIS 43-07 forms.

The sources of the demographic data are the “Annual Estimates” of the U.S. Bureau of Economic Analysis,
Department of Commerce, and “Regional Economic Information System Annual CD.” The information is gathered for
48 states and the District of Columbia. Alaska and Hawaii are excluded.

¢ It includes virtually all the cable because very few of the small independent LECs have invested in fiber
optics. However, this data does not include investment in fiber optics by competitive access providers such as Teleport
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FCC, approximated at the county level. This area covers almost all the U.S. territory.

Information about large-scale computer users' locations and computing capacities
overlaps with that found in BG. These data are collected by the Computer Intelligence Infocorp
(CII), a market survey firm based in La Jolla, California, who regularly calls computer users in
businesses to document their computer use patterns. We use the survey results from the end of
each calendar year. The magnitude of the sample of large-scale systems users in each year is
13,788 sites in 1986, 13,553 sites in 1989, and 12,386 sites in 1992. These users contained at
least one mainframe or large supermini computer at their site when they were surveyed. CII
claims to cover 70% of all large-scale users in the U.S.. There seems to be no reason to expect
the error in CII’s sampling of large-scale users to correlate with the geographic location of users.
Hence, we expect the joint distribution of LEC fiber and computing to indicate regional trends in
infrastructure growth of computing facilities and capacity.

We matched the CII data against the FCC data through the use of zip codes, city codes,
and county codes when available. We have found that virtually all the large-scale systems users
are located in the geographic areas served by the 101 largest LECs that report fiber optic
deployment to the FCC. In each year, less than 4.5% of sites included in the CII sample belong to
territories that are served by LECs which do not file with the FCC. Further, the proportion of
computer capacity, as defined below, in those territories is less than 2.7% of the total amount in
each year. Thus, except in Table 5, all our analysis is based on information for those LECs that
report annually to the FCC and for the computer users within those LECs. Figure 1 shows the

geographic distribution of computer users relative to our coverage of LECs.

or MFS, who are not required to report their capital stocks to the FCC.
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II1. Methodology
IIL.1. Indicators of Information Technology Infrastructure

We use two different groups of indicators of the diffusion of information technology
capital in a region. In the first group we consider raw indicators of the stock of information
technology infrastructure that are not scale free. The second group of indicators measures the
level of access to the information infrastructure existing in a region.

We use three indicators of the stock of information technology infrastructure: the number
of sites using large-scale computing, their associated computing capacity, and the miles of fiber
optic cable used by the LEC within a region. The number of sites using large-scale computing is
an indicator of the computing intensity of a region. Since we are only interested in backbone
technology, we use the numbers of large-scale users as our measure. BG [1996] show that the
vast majority of these sites are associated with white collar administrative work at central
computing facilities. A smaller, and declining, fraction is associated with engineering or
manufacturing work.’

The sum of Mips (millions of instructions per second) of all systems existing in a
region’s sites is an indicator of computing capacity existing within a region.® In the early years

of our sample we are reasonably confident that it measures the bulk of large-scale computing

" BG [1996] found that for sites that contained identifiers approximately 15% of the observations came from
Fortune 500 firms and that over 85% of the Fortune 500 have at least one representative in this sample.

® This includes all mainframe and non-mainframe computing hardware except PCS at all the sites operating
within the region boundaries. We found in preliminary analysis that there was a strong correlation between aggregate
mainframe MIPS and aggregate non-mainframe MIPS within an LEC in a year. Thus, for the purposes of this study,
there was no benefit to distinguishing between the two different types of capacity or weighting them differently. We
present the unweighted total. For further analysis of the determinants of the growth of this capacity and substitution
between them, see BG [1996].
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capacity in a region. As the networking revolution spread to large-scale computing in the 1990s,
we can measure all the investment that occurred except the investment at sites which left the
sample. BG [1996] show that this diffusion of networking up until 1992 primarily occurred at
engineering oriented sites and that most exits were concentrated at these engineering sites.
Hence, our measure of a region’s computing capacity slightly emphasizes computing at
administrative sites, especially in 1992, but this will be a small bias since we also measure non-
mainframe computing capital.

Although the miles of fiber optic cable used by the LEC within a region includes neither
fiber deployed by long distance telephone companies nor that deployed by private providers and
users of local fiber optic cable, we are confident that our measure reflects the bulk of fiber
devoted to local telephone networks and/or data transfer over the public network phone lines.’
Fiber optic cable enables high-volume transmission of data and is widely considered to be an
essential part of the modern digital telephone system. The limits on its capacity are determined
by the available terminal and repeater technology.

To measure the level of access to information technologies we develop indices of access
inequality. For that purpose, we borrow from the established methods for measuring the
inequality of access to infrastructure in developing countries (Cowell [1995]), where researchers
examine changes in the “density” of infrastructure. We propose a variety of methods for
measuring “density,” where the spirit of the exercise is to measure how common the

infrastructure is in the local region. These indices are:

9 The total revenue associated with the local telephone firms deploying the fiber in our index exceeds seventy
billion dollars in 1992.
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- Number of Sites/Population'® measures the degree of diffusion of advanced computing
technology inside the region. We can infer that a worker living in a geographic area with a high
Number of Sites/Population ratio has more chances to be exposed to computer technology than a
worker who lives in an area with a low ratio.

-All Systems Mips/Population measures the computing power of large-scale systems
existing in the region. This index compares computing power among regions.'!

-Fiber/Land, which equals Miles of Fiber Optic Cable Deployed/Miles of Land
Extension, measures the deployment of fiber optic across geographic regions. An LEC with a
high Fiber/Land ratio has a greater capacity to supply advanced telecommunication services than
one with a low ratio."

- Networking Capacity Index, which equals (Fiber/Land)*(Mips/Population), is a
composite index that measures the potential capacity of a geographic area for storing information
and transmitting it among computers using the public telecommunication infrastructure provided
by the local exchange company.” It is analogous to many transportation infrastructure indices of
roadway/vehicle carrying capacity.

-Relative Information Infrastructure Index is another composite index similar to those

used by economic geographers to measure differences between the amenities associated with

YThe numerator in the indices Number of Sites/Population and All Systems Mips/Population corresponds to
1,000 people.

1 Note that this does not allow us to make any inference of the distribution of computing power within the
region.

12 For this calculation we use the square miles of the LEC within the state relative to its fiber.

" A region without fiber optic deployed, but with a high storing capacity of information, has a Networking
Capacity Index of zero.
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different locations. It combines the information provided by the first three aforementioned
indices, Number of Sites/Population, All Systems Mips/Population, and Fiber/Land in order to
get a unique measure of the degree of access to information infrastructure in a region. The index

is constructed as follows. We let

where z, is the normalized access index, y is the mean of the access index, and s, is the

standard deviation of the access index. The normalization converts the three sub-indices to the

same unit of measurement. The relative information infrastructure index is defined as:

where

025 for i = All Systems Mips/ Population, No of Sites/ Population
" 10.50 for i = Fiber /Land

This is a weighted index that measures the distance of the value of the three sub-indices in
aregion from a ‘desirable’ degree of access to information infrastructure. The larger the distance
from the ‘desirable level,’ the smaller the index. The ‘desirable’ values of the access indices are the
maximum values of each of the access sub-index in the particular year. As a result, this index is quite
sensitive to the skewness of the distribution of infrastructure, which, as we will see, makes it a
somewhat flawed index for our purposes. Nonetheless, since it is widely used by economic

geographers, we show it for comparative purposes.
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-Index of Geographic Specialization in Computer Intensive Economic Activities: Because
computer capacity inside each region may be widely used across all economic activities, or may be
concentrated in just a few, we construct an index that measures the degree of specialization of the
computing capacity existing in a region in a particular economic activity. For each group of
economic activities we construct the index as follows:

Mips in Region i used in Activity j/ Mips in Region i
National Mips used in Activity j/ National Mips

Regional Specialization Index of Computing Capacity =

If, for a given economic activity j, a region shows a ratio greater than one, we say that the
computing capacity existing in this region is more specialized in the generation of activity j than

is the computing capacity existing in the rest of the regions that present a ratio less or equal to one.

IV.2 Measures of Inequality in the Distribution of Infrastructure

We analyze changes in the inequality of the geographic distribution of computer and
telecommunication infrastructure using a standard set of measures used in the study of income
inequality: quantile ratios, the Gini coefficient, and the decile distribution ratio.

The analysis of quantile ratios allows us to compare the proportionate movement of the
different quantiles of the distribution of the variable of interest. The quantile ratio is defined as the
ratio Qth-quantile/Median. The comparison over time of these ratios illustrates whether the quantiles
are moving closer to each other or if they are moving apart over time.

We also used the Gini coefficient for assessing changes in inequality of the geographic

distribution of advanced computer and telecommunication infrastructure over time. The Gini
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coefficient is defined as:

n

1 n
G= 2)’12_)_);_,,] l Yi—=Y; |

where y is the mean of the variable, n is the total number of regions, and y, and y, are the

values taken by the variable in region i and j, respectively. The definition corresponds to the
average difference between all possible pairs of the variable among the regions, expressed as a
proportion of the total sum of the variable. The Gini coefficient takes values in the interval [0,1],
0 representing total equality, and 1 representing the maximal inequality.

Finally, we also use the Decile Distribution Ratio (DDR) which is the ratio of the share of
the bottom 40% in relation to the share of the top 20%. When this ratio increases, the inequality

of the distribution decreases.

V. Results
V.1 Geographic Distribution of Information Infrastructure

In the analysis below we find strong evidence of a decreasing concentration of advanced
backbone information technology across different regions of the U.S.. This pattern is evident in
virtually all of our measures. It shows up both as a tendency for the poor regions to get richer and
as a (weaker) tendency for the rich to get comparatively less rich.

The geographic distribution of advanced large-scale computer and fiber optic
infrastructures in the U.S. is deceptively skewed. Many small geographic areas contain few
large-scale computer users, low computing capacity, and low deployment of fiber optic cable in

relation to geographic areas in the top of the distribution. However, most of the U.S. population
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lives within the territories that are most advanced. Table 1 contains the basic descriptive statistics
documenting the changes in the distribution of backbone information technology infrastructure in
the late 1980s and early 1990s.

In Table 1 we see that our three indicators of the stock of information infrastructure
experienced changes in the distribution during the period 1986-1992. The number of sites that
used large-scale computers decreased during the period, while the computer processing capacity
and the deployment of fiber optic grew remarkably. The total number of millions of instructions
per second (All Systems Mips) was almost five times larger in 1992 than in 1986. The miles of
fiber optic deployed by the 101 largest LECs was nearly 24 times larger in 1992 than in 1986.
The situation in 1986, when around 28% of the 101 LECs did not have fiber optic deployed in
their operating areas, contrasts dramatically with the situation in 1992, when just around 4% did
not. This advanced IT capital has diffused virtually everywhere.

The percentage of population living in regions with relatively low stock of information
infrastructure is relatively small. Less than 15% of the population of the 101 largest LECs are
served by LECs that have less than the median Number of Sites, All Systems Mips and Fiber
Optic. In the case of fiber, the fraction of population that is served by the LECs that belong to the
top ten percentile has increased from 15.4% in 1986 to 44.25% in 1992.

The dispersion of the distributions of the three variables decreased during 1986-1992.
The coefficient of variation of the geographic distribution of large-scale computer users, Mips
and Fiber Optic is consistently lower across the years. In particular, the largest changes in the
coefficient of variation of the geographic distributions of Mips and Fiber Optic occurred during

the period 1986-1989.
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The quantile ratios (Table 2) show that the information infrastructure rich do not seem to
be getting richer, but the poor are certainly improving their relative position. The bottom halves
of the geographic distributions of MIPs, Sites and Fiber are getting closer to their medians. In
the case of MIPs and Sites, there is no clear tendency in the movement of the quantile in the
upper half of the distribution. In the case of Fiber, there is a tendency toward equalization of the
amount of fiber deployed by the upper half of the distribution in relation to the median.

Table 3 shows that the ranking patterns of geographic areas according to the number of
sites and total amount of MIPs seems to be quite stable over time. This is easy to understand
since the unit of observation is not scale free. That is, despite rapid rates of growth overall, the
bigger areas are still bigger and the smaller areas still smaller.

Fiber optics, however, does not show an identical pattern. The ranking pattern of
geographic areas has changed between 1986 and 1989. Closer examination, not shown in the
tables but revealed by the raw numbers in appendix 2, shows that the changes in the ranking
pattern are due to changes in the deployment of fiber in the geographic areas that occupy the
mid-size positions, and not in the areas that occupy the extreme positions of the ranking pattern.
That is, areas that had a very small or a very large deployment of fiber optic in 1986 continue
holding their position in the 1992 ranking pattern, but there was much growth among LECs with
middle size fiber deployments.

The Gini coefficient and the Decile Distribution Ratio, shown in Table 4, reveal that the
level of the two computer infrastructure variables show a slight reduction in inequality among

regions.'* The Decile Distribution Ratio corresponding to Number of Sites is almost twice the

14 The Gini coefficient of the geographic distribution of number of sites decreased from 0.678 in 1986 to
0.662 in 1992, while the Gini coefficient of the distribution of All Systems MIPs decreased from 0.718 in 1986 to 0.702
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ratio for All Systems Mips, implying that the presence of users of large-scale computer has
become more concentrated in regions where the presence had been low, but these users are
basically small capacity users.

The changes in the distribution of computing capacity at the LEC level are interesting,
considering the increasing skewness of computing capacity at large-scale computing sites. That
is, the sites themselves are becoming more concentrated even though regions are not.'*'¢ The
Decile Distribution Ratio shows the same pattern. Further, there is a reduction in inequality of
Fiber Optic cable. Although the major changes occurred from 1986 to 1989, the reduction of the

inequality in the geographic distribution of fiber optic deployment continued to 1992."7

V.2 The Geographic Distribution of Access to Information Infrastructure

We turn now to our analysis of access to information infrastructure. We find that virtually
all the indices show that access to advanced information infrastructure has become more equally
distributed. This seems to be the result of both increasing access to advanced IT at the poorer
LECs and decreases in the relative richness of LECs with greater access. Further, much of the

changes in these rankings are due both to turbulence in computing generally and in fiber optic

in 1992.

15 A smaller fraction of the sites is holding a large percentage of total MIPS. The Gini coefficient of the site
distribution of All Systems MIPs (across all sites), presented in Table 5, was 0.729, 0.733, and 0.750 in 1986, 1989,

and 1992, respectively.

1 Just 25 local exchange operating areas show a reduction of the Gini coefficient of the site distribution of All
Systems Mips from 1986 to 1992, 34 from 1986 to 1989, and 33 from 1989 to 1992, In only 8 local exchange
operating areas the Gini coefficient of the site distribution of Total Mips systematically decreased during the years
1986, 1989 and 1992. These places were UTFL in Florida, CBKY in Kentucky, UTMO in Missouri, NWNE in
Nebraska, NINJ in New Jersey, UTPA in Pennsylvania, UTIM in Tennessee, and MSWY in Wyoming.

'7 The Gini coefficient decreased from 0.855 in 1986 to 0.67 and 0.65 in 1989 and 1992, respectively.
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technology during the earlier years of our sample. Indeed, much of the interesting action in
access to computing occurs within the LECs that occupy the middle ranks.

In Table 6 we present the descriptive statistics of access indices in two different forms.
One includes Washington D.C. in the sample and one does not.'® Clearly, there is variance in the
level of access to advanced IT across the U.S.. While it is difficult to evaluate whether these
differences are large or small, as there is no natural baseline against which to compare them, the
degree of access increases over the time in three of the indices -- fiber/mile, MIPS/pop, and the
networking index.

Table 7 compares the quantile ratios in 1992 and 1986. We find that for all five indices
almost all of the quantiles are getting closer to the median in 1992, implying greater diffusion of
information technology in geographic areas where the access to this technology used to be low.

In Table 8 we observe a high correlation among the index of access to computing
technology and the index of power of computing capacity (0.92, 0.90, and 0.88 in 1986, 1989,
and 1992, respectively). Similarly, the correlation over time of Number of Sites/ Population
shows that for this access index the ranking of geographic areas stayed basically the same over
the years. The small changes that have occurred in the ranking pattern of All Systems

MIPs/Population are due to changes in the rank of those regions that are between the 20" and

'8 Our data are subject to what we label the “D.C. Effect.” The “D.C. effect” is an artifact of the accidents of
political boundaries. Washington D.C. is a dense urban area filled with office buildings and, to a lesser extent, residential
population. It is a unique combination of much administrative work and low residential population and small geographic
area. As a result, it reports extraordinarily high per/capita and per/mile statistics for all our infrastructure data. This one
observation strongly skews the distribution of any access statistic we construct. We are fairly certain that similar
statistics would result if we could collect them for a comparable area of downtown Manhattan, Boston’s financial
district, Chicago’s business loop, downtown San Francisco, or any other major urban hub. However, all these other
urban areas are combined with much of the residential outlying regions to form the LEC territory. For well known
historical reasons Washington D.C. is the only major urban hub of such a small geographic size to be so dense, to have
its own telephone regulator and report separate statistics to the FCC. Thus, we present all our results with and without

D.C.
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80" percentile of the distribution. That is, the position of the smallest stays the same over time, as
well as the ranking of the largest.

Concerning the Fiber/Land access index, the ranking pattern of geographic areas in 1986
is different from the ranking pattern at the end of the period. Table 8 also shows that after
correcting for the influence of population in the distribution of Number of Sites and Computer
Capacity and for the influence of land in the distribution of fiber optic deployment, the places
that have higher levels of Fiber/Land tend to be, in general, places with higher levels of Number
of Sites/Population and All Systems MIPs/Population.'

The two composite indices we constructed, the networking index and relative information
infrastructure index, agree in part with the same picture discussed above. The networking index
shows that over time regions contain a larger level of access to information infrastructure.
Furthermore, the networking index indicates that the differences between regions are getting
smaller.?”

Table 9 shows that most of the indices seem to have become more equally distributed
across the period. As with our analysis above, the skewness in these data are somewhat
deceptive. Going back to Table 6, we observe that most of the U.S. population lives within
territories that are in the upper quartile. Most of the under-performing territories are also
relatively unpopulated.

Finally, Figure 2 summarizes our findings in a picture. It classifies the LECs’ geographic

*In particular, the correlation among the Number of Sites/Population and Fiber/Land are 0.43, 0.52, and 0.48
in 1986, 1989, and 1992, respectively. The correlation among All Systems MIPs and Fiber/Land is around 0.48 in the
three years.

2Although the dispersion of the relative information infrastructure is getting smaller, the mean distance to the
‘desirable’ levels is getting larger. We take little from this because of the potential problems of this index when the
individual sub-indices are highly asymmetric.
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areas by the level of their networking indices in 1986, 1989, and 1992. The darkest group
corresponds to those areas with a networking index in the top decile of the distribution for 1989.
The second darkest group represents the areas with a networking index above the median but
below the top decile in 1989. The next shade of gray is for those areas with a networking index
above zero and below the median in 1989. Areas with nothing are white.?! We apply the same
cardinal levels for determining the colors to the maps for 1986 and 1992. All three together
illustrate growth over time.

As we can see from the maps, the highest levels of information infrastructure are located
in the big urban centers of the U.S. Differences between regions never completely disappear, nor
should we expect them to. Second, much has changed over time.?? Looking at the evolution over
time, we observe that substantial changes occurred in those areas that occupy the middle ranks,
reducing degrees of inequality. Overall, the distribution follows the U.S. population, with major
urban centers having the most advanced infrastructure.?

The remaining discussion reviews some of the factors associated with change over time.
Our analysis identifies two principal factors. First, the distribution of information intensive

industries tends to be less concentrated geographically than that of less information intensive

2 Though our rankings come from networking indices computed at the LEC level, we make white any county
where we do not find any large-scale computer users (even if the local telephone company primarily responsible for that
country has fiber optics in other parts of its region). This is a more accurate visualization of the distribution of access
since it also reflects the distribution of industry and population. Fiber optics in the local exchange is unlikely to be
located where there is no industry.

2In 1986 only six LECs had a networking index above the 1989 median. In contrast, in 1992 there was 33
LECs with a networking index above the 1989 top decile.

2 In 1992, the top areas include LECs that cover San Francisco, San Diego, and Los Angeles, Seattle, Tuscon
and Phoenix, Denver, Houston, Dallas, Minneapolis, Chicago, St. Louis, Detroit, Indianapolis, Cincinnati and Cleveland,
Pittsburgh and Philadelphia, Buffalo, New York City and environs in Connecticut and New Jersey, Boston, Washington
D.C. and its environs, Raleigh-Durham, Atlanta, Miami, St. Petersburg and Tampa.
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ones and the former have grown over time. Second, the distribution of advanced information
infrastructure tends to be less concentrated in big cities over time, reflecting a declining hold of

economic hubs on this technology’s diffusion.

V.3 Location of Information Technology Intensive Economic Activities

In this section, we show that the pattern of IT capital is less concentrated in regions
specialized in information technology intensive activities than in regions specialized in less IT
intensive activities. Thus, as information intensive industries grew in the 1980s and 1990s, in
response to declining prices in information intensive inputs, so too did the decentralization of IT
itself.

We see in Table 10 that the economic activities with the larger number of sites using
large-scale computers were, in 1992, business services, wholesale trade, education services,
depositary institutions, insurance carriers, health services, and computers and related
equipment.?* These activities accounted for 46% of the total number of sites.

In order to compare the degree of inequality of the distribution of computing capacity
among economic activities, we analyze the distribution of All Systems MIPs in a given economic
activity across sites and across regions. We compare economic activities that are IT intensive
with those that are not, as measured either by a high share of sites or by a high share of All
Systems MIPs. Table 10 shows a high inequality of computing capacity across sites in relation to
the less information technology intensive economic activities. Nonetheless, the distribution of the

computing capacity across regions is relatively less concentrated in the former group of activities

¢ This excludes federal/state/local government.
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than in the latter. Moreover, economic activities included in the former group are developed in a
much larger number of regions.

We also present in Table 10 the Gini coefficient of the distribution of the regional
specialization index of computing capacity. The Gini coefficients corresponding to information
technology intensive economic activities are smaller than the median of the Gini coefficients of
for all groups of economic activities. For those activities less intensive in information
technology, the geographic distribution of the specialization index of computer capacity looks
like the locational pattern of industrial employment discussed in Krugman (1991). According to
Krugman many industries in the U.S. are highly geographically concentrated and most of these
industries are not high tech sectors.

This evidence supports the theory that the diffusion of information technology can help
overcome a centralized pattern of location of economic activities where some regions remain in

the ‘periphery’ without the benefits of accessing more advanced technology. %

V.4 What determines the distribution of IT capital across the U.S.?

The demand for information infrastructure in a region is conditioned on the particular
characteristics of the region. Of course in the long run the direction of causality may go both
ways, since the infrastructure endowment may shape the type of business located in a region as
well as the region’s productivity level.” A regression analysis helps describe the cross-sectional

pattern of information infrastructure prevailing during 1986, 1989, and 1992 and show its

2See Capello (1994) for a discussion of the effects of the diffusion of information technology on regional
development.

2 For example, see Roller and Waverman (1996).
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association with the economic and demographic characteristics existing in the regions.

We estimate a reduced form equation for the networking index existing in a region as a
function of a set of demographic and economic variables of the region. The data correspond to
the 101 local exchange companies over the years 1986, 1989, and 1992.

The analysis shows how much of the information infrastructure existing in a region is
explained by the local per capita income, population density, the fraction of the local
employment devoted to finance, insurance, and real state (FIRE), the size of urbanized and rural
populations, and a set of dummy variables that describe the characteristics of the region’s main
cities. Local per capita income measures the buying capacity of the local population. FIRE
measures how intensely the local economy uses information technology. Population density,
urbanized population, and rural population are key factors in the decision to deploy fiber optic
cable since they determine the potential population served by each mile of fiber optic deployed.
Urbanized population represents the population served by the LEC in cities with a population of
50,000 or more, while rural population represents rural settlements with less than 5,000 people.
The fraction of local employment in FIRE identifies the importance in the local economy of a
group of activities intensive in data processing and transmission. We expect all these variables,
except rural population, to have a positive impact in the regional demand for information
infrastructure.

Finally, we include a set of dummies to identify the characteristics of the cities included
within the boundaries of the local exchange company. One of these dummy variables measures
whether the LEC contains within its boundary a city with a population over a quarter million

inhabitants in 1990. This variable attempts to capture the existence of a critical mass of potential
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business users of information infrastructure located in an urban hub.?” Another dummy variable
specifies whether the LEC covers an area considered (by the U.S. census) as one of the fifty
fastest growing areas in the U.S. between 1980 and 1990. Since most of the fast growing areas
in the 1980s were extensions of suburban communities in the Sunbelt, rather than growth in
concentrated urban hubs, this variable should limit the deployment of backbone information
technologies.

Descriptive statistics for the variables in the regression are presented in Table 11, and the
regression results are in Table 12. A test of structural change shows that we can reject the
hypothesis that the regression parameters are the same not only in the three years taken together,
but also in either of the subsamples of 1986-1989, 1986-1992, and 1989-1992. Thus, we report a
separate regression equation for each year.

The explanatory power of the regression increases over time, as the R-squared increases.
The elasticities of the important variables increase from one year to another. For example, in
1986, a 10% increase in population density led to a 0.8% increase in the networking index, while
in 1992 it led to 3.8%. Variation in population density across regions induces substantial
differences in the networking indices prevailing in those regions. In 1986, when evaluating the
impact of other regressors at their mean level, one standard deviation around the mean of log of
population density showed that the networking index fluctuated from 0 to 0.20. During that year
approximately 90% of the sample had a networking index in this range. A similar calculation at
the mean of log of population density in 1992 would have created a fluctuation in the networking

index from 2.362 to 7.939. This interval includes the middle 20% of the sample in 1992.

2 See appendix for the list of major cites in each LEC.
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In 1992, the presence of a city with population over a quarter million within the
boundaries of an LEC makes a difference in the level of networking index. Holding constant the
influence of other variables, the presence of a relatively large city increases the expected value of
the networking index by 65%. In the case of the variable FASTGROW, on the other hand, the
same presence decreases the expected value of the networking index by 63% in 1992.

Because of the skewness of the data and the presence of outliers, we are concerned that
OLS does not properly model the determinants of infrastructure. Therefore, we analyze whether
the economic and demographic characteristics influence the deployment of information
infrastructure in low level regions as it does in high level regions. In order to answer this
question we perform quantile regressions that allow us to estimate different points of the

conditional distribution of the networking index.

- .y . . . P
The ** conditional quantile function of a response variable for regressors * € R

T/x)=x_P(T
Qy( )=x_B(®) . Koenker and Basset (1978) obtain a point estimate P of B by

n
solving the problem .
mmZpt(y,. —x'b)
1

b eRP“
i=
where P =u(T-1(u<0)) , and [ is the indicator function. This problem can be solved using

linear programing and the results show that the vector of estimated coefficients may change from

different values of *~* quantiles. 2 The results of the quantile regression for each year are

28 We use the algorithms presented in Koenker and d’ Orey (1987, 1994) for the estimation of coefficients and
construction of confidence intervals.
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presented in Table 13, where we estimate the 25-th, 50-th, and 75-th quantiles of the conditional
distribution of the networking index.

Table 13 shows that demographic and economic characteristics of the regions are important
in explaining the cross-sectional pattern of information infrastructure observed during 1986, 1989
and 1992. Their effects, however, vary across time and across quantiles. Variables like population
density and employment in FIRE, whose impact vary over time, also have a differential impact
across quantiles. While FIRE is very important in explaining the lower and middle quantiles of the
distribution of the networking index, it is less important in explaining the top quantiles of the
distribution. Other variables, like population density and the presence of major metropolitan and
fast-growing areas, seem to be important determinants of the networking index across all quantiles.
This suggests that as IT grew, a region did not need to have a large city to be in the top quartile of

the distribution.

VI. Conclusion

Have well-known changes to the quality and price of advanced computer and
telecommunication technologies altered the geographic pattern of the information technology
capital stock? In this study, we have examined the distribution of advanced large-scale backbone
computing and telecommunication capital between 1986 and 1992, a period of rapid growth in
basic backbone digital technology. In all our estimates, we interpret the level of capital stock as
a proxy for a whole variety of activities associated with building public and private digital IT

networks in a region.

We find that virtually every index we analyze shows that these IT backbone technologies
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have become more widely distributed across the U.S. over time. This conclusion holds for both
our analysis of the levels of advanced IT capital stock and for access to it. These changes are due
both to increases in advanced IT at the bottom of the distribution and to declines in the relative
wealth of the higher points in the distribution. We conclude that the recent period of rapid growth
has contributed to a decrease in the concentration of advanced IT capital across the U.S..

These conclusions need to be stated carefully. We cannot argue on the basis of available
evidence that the distribution of advanced IT capital matches some policy-relevant notion of an
appropriate distribution. Indeed, no such distribution can be precisely defined given the inherent
ambiguities of measuring the distribution of wealth and access to infrastructure. However, we
can conclude that the period of rapid growth in advanced IT in the U.S. did not lead to an
increased concentration of advanced IT capital. To the contrary, the evidence suggests that all
regions, rural and urban, whether initially ahead or behind, became more alike over time.

Other market-driven changes are bound to follow on top of the growth in the information
infrastructure backbone. Independent service providers, forms of electronic commerce, support
services for digital communications, and high-speed fax machines, for example, all work better
with advanced telecommunications networks. Many business services tied to local labor markets
for technical help will also be aided. On-line-transaction-processing of large data bases, such as
credit checking or inventory and reservation systems, all require advanced large-scale computing
facilities to run well. To the extent that these services are more efficient as nationwide networks,
it is important that advanced IT capital be widely diffused. Our analysis gives a positive
conclusion about this concern. Our findings suggest that only a small number of areas, in

particular small and less densely populated regions, may not have direct access to advanced IT
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capital. Furthermore, our analysis suggests that most areas have improved over time, easing the
diffusion of nationwide services.

Finally, our results call for a more careful modulation of the debate regarding the
redefinition of universal service in the new information infrastructure. It seems that in this
instance market-driven investment has decreased the concentration of advanced IT over the
period. Further research of these patterns may need to carefully focus on specific geographic
areas of low access or specific populations whose experiences cannot be reflected in the data

analyzed in this paper.
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TABLE 1: DESCRIPTIVE STATISTICS OF COMPUTER AND FIBER OPTIC INFRASTRUCTURES

LEC LEVEL
DESCRIPTIVE No. SITES ALL SYSTEMS MIPS FIBER OPTIC (Miles)
STATISTICS 1986 1989 1992 1986 1989 1992 1986 1989 1992
roTaL 13,258 12,985 11.8%]  1124765]  2506341] ss32312]  2e5472] 2443.449] 6316436
EAN 1313 128.6 117.2 11136 2,560.7 54775 26284]  241928] 62,5000
fuepan a 48 4 2702 678.1 1417.7 151 9.138 22,371]
b 218.0 208.9 1849 20304 44768 9,491.1 7.1483]  37.9720]  se.7216f
kv 166.0 162.5 1578 1823 1748 1733] 2720 157.0 1435
o 0 0 of 0 0 of 0 ) o
| 1,269 1,263 101 129784]  270463]  sessrg s0553] 203861 451,
fpercentace
RPULAT\ON BELOW*
Median 12.38 11.91 12.58 13.19 13.57 14.04 14.02 13.79 1 3.8q
75th-Quantile 29.95 30.11 30.27 31.46 32.13 31.17| 38.78 31.81 32.28
90th-Quantile 54.15 54.34 54.59 54.71 5434 55.66 84.60 55.73 55.75]
* Percentage of Population in 101 largest LECs that is below the Qth-quantile of the variabies listed in columns
TABLE 2: QUANTILES AND QUANTILES RATIOS
GEOGRAPHIC DISTRIBUTION OF COMPUTER AND FIBER OPTIC INFRASTRUCTURES
LEC LEVEL
No. SITES ALL SYSTEMS MIPS FIBER OPTIC (Miles)
1986 1989 | 1992 1986 | 1989 | 1992 1986 | 1989 [ 1992
QUANTILES
10th 2 2 2| 6.2 14.0 61.9] 0 487 1,397
20th 13 13 13] 523 109.9 2745 0 2,053 5,442
30th 20 23 22 116.7 254.4 637.3 13 3,248 8,22
40th 32 34 30] 206.9 4716 963.4 89 4,830 15,344
50th 47 48 4 270.2 678.1] 14177 151 9,138 22,371
60th 69 63 60} 4928] 12619] 30232 365 14,798 42,111
70th 114 116 108] 8744]  19428] 45068} 557 23,611 62,067
80th 197 194 173]  1.7749] 35364 79316] 1390 33,848 93,111
90th 301 310 291 28797] 70073 153653 9027 70,505{ 189,50
99th 942 873 796] 8.8164] 187097] 442057]  33837] 184,734] 385781
QUANTILE RATIOS
10th 0.043 0.042 0.049] 0.023 0.021 0.044 0.000 0.053 0.062)
20th 0.277 0.271 0.317 0.194 0.162 0.194 0.000 0.225 0.243]
30th 0.426 0.479 0.537 0.432 0.375 0.450 0.086 0.355 0.368}
40th 0.681 0.708 0.732 0.766 0.685 0.680] 0.589 0.529 0.686)
50th 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.00
60th 1.468 1.313 1.463] 1.824 1.861 2132 2.417 1.619 1.882
70th 2.426 2.417 2.634 3.236 2.865 3.179 3.689 2.584 2.774]
80th 4.191 4.042 4.220 6.569 5.215 5.595 9.205 3.704 4.162)
90th 6.404 6.458 7.098 10.858 10.334 10.838) 59.781 7.716 8.471
99th 20.043 18.188 19.415 32,629 27.591 31.181]  224.086 20.216 17.245

Quantile Ratios = Qth-Quantile/Median



TABLE 3 : SPEARMAN CORRELATION MATRIX

GEOGRAPHIC DISTRIBUTION COMPUTER AND FIBER OPTIC INFRASTRUCTURES

LEC LEVEL
No. of Sites All Systems Mips Fiber Optic Cable
1986 1989 1992 1986 1989 1992 1986 1989 1992

No. of Sites 1986 10000] o0997s]  o0.9951] o0s9719] 09714] o09676] 0.7237]  o0.8611]  0.8507
1989 10000]  o08960]  o09670]  o09695] o0.9966]  0.7330] o.8696]  0.8550]
1992 10000] 0.9656] 09681) 09666]  0.7345]  o0.8628]  o0.8550)

All Systems Mips | 1986 10000  09926]  0.9829]  07284] 0.8546]  0.8498
1989 10000  0987s]  07229]  o0.8s518]  0.8434]
1992 1.0000]  ©07429]  0.8602]  0.8489)

|Fiber optic cable | 1986 10000] 08282  0.8326

1989 1.0000]  0.9371
1992 1.0000}

* All coefficients have a p-value of 0.0001



TABLE 4: MEASURES OF INEQUALITY OF THE GEOGRAPHIC DISTRIBUTION

LEVELS OF COMPUTER AND FIBER OPTIC INFRASTRUCTURES

LEC LEVEL
| 1986] 1989 1992
GINI COEFFICIENTS
Number of Sites 0.667 0.669 0.661
All Systems Mips 0.718 0.708 0.702
Fiber optic 0.856 0.671 0.651
DECIL DISTRIBUTION RATIOS
Number of Sites 0.056 0.060 0.066
All Systems Mips 0.031 0.035 0.037
Fiber optic 0.003 0.049 0.054




TABLE 5: MEASURES OF INEQUALITY OF DISTRIBUTION
OF ALL SYSTEMS MIPS

SITE LEVEL
YEAR SAMPLE SIZE GINI DECILE
COEFFICIENT DISTRIBUTION RATIO
1986 13,788 0.729 0.052
1989 13,553 0.733 0.044
1992 12,386 0.750 0.032

*Based on the sample that imcludes the 101 largest LECs and Other LECs. The
coefficients remain practically the same when the sample is restricted to the 101
largest LECs




TABLE 6: INDICES OF ACCESS TO COMPUTER AND FIBER OPTIC INFRASTRUCTURES

DESCRIPTIVE STATISTICS
LEC LEVEL
FIBER OPTIC / ALL SYSTEMS MIPS / NUMBER OF SITES | NETWORKING RELATIVE INFORMATION
LAND POPULATION™ POPULATION™ INDEX INFRASTRUCTURE INDEX
1986 | 1989 | iee2 1986 | 1380 | 1em2 1wes | 1089 | 1ee2 1986 | 1989 | 1992 10s | 1980 | 1w
WASHINGTON D.C. INCLUDED
EAN 0.163 3.289 7732]  0.408 1000  z074]  0.059 0.058 00s2]  0122] 1033] 41s08] 0153 0.109 0.115)
Iso oa38]  1as33] s8] oan 1328] 22571 o102 0.102 oore]  osss]  79517] 208620] o017 0.012 0.015]
fev 208303)  450983] 407604] 103750] 131.000] 10e330] 172400 173980 1st.e00] 4sesz0] 7e007s] 712e93]  r09ee]  11320]  va0sef
MmN 0 0 of 0 ) | 0 0 of o o o o X |
Juax 2418  14se03] 312522  25e3]  to7e2  15430]  1o2s 1258]  orre]  s240] e00.180] 2083.170] o255 o22s| 027
| WASHINGTON D.C. EXCLUDED
IMEAN 0.144 1.834 4.055' 0.387 0.965 1.999' 0.058 0.057 0.050f 0.071 2.441 12.192 0.144 0.142 0.13:
ISTD 0.398 2.494 7.491 0.364 1.258 2.139' 0.101 0.101 0.077| 0.214 4.716) 24.423; 0.013! 0.018 0.011'
fev 275248] 138005  159.911]  03.935] 130344] weers] 175240] 177288 1s3.303] 300.000] 1e3.tss] 200313 9201]  11.000 8404
Jmin 0 0 0 0 0 o [ 0 0 0 [} of o1 0.131 o.121]
IMAX 2418 13.248 57.795 2577 10.782 15.130/ 1.02¢ 1028 0.778] 1.222 28.973) 1708.881 0232 0.268, 0. 1!5'
|
"ERCEN'I’AGE
I’OPUI.A“ON SELOW"
Median 16.49 19.20 1.18] 2020 19.53 22| 220 23.63 3ses| 1547 17.96 17.44 18.56 18.81 1w.3s]
75th-Quantile €0.91 4220 a208] o4y .28 e320] 6185 62.60 e03s] 6010 4135 4227 61.28 55.20 s7.64]
90th-Quantile 8s.57] 7420 7347] %083 92,82 w8a]  o0es] goes] eosd  ssss 8321 8023 8923 sose] 0234
* Percentage of Population in 101 largest LECs (including Washington, D.C.) that is below the Qth-quantile of the variabies listed in columns
** Denominator comesponds to 1,000 of people.
TABLE 7: QUANTILES AND QUANTILE RATIOS GEOGRAPHIC DISTRIBUTION
{INDICES OF ACCESS TO COMPUTER AND FIBER OPTIC INFRASTRUCTURE
LEC LEVEL
FIBER OPTIC / ALL SYSTEMS MIPS / NUMBER OF SITES / NETWORKING RELATIVE INFORMATION
LAND POPULATION POPULATION INDEX INFRASTRUCTURE INDEX
1986 | 1989 [ 1992 1986 | 1988 | 1992 1906 | 1989 | 1992 1986 | 1989 1992 1986 | 1989 | 1992
QUANTILES
10TH a000|  o0.12s 0.443]  0.036 0.106 o162] 0016] 0017 0.015]  0.000 0.013 0.085]  0.143 0.105 0.108]
20TH 0000i 0268] os96] o100] 0251 053] o025 o0026] o0023] o000 0072 o4ss]  o0.444]  0.108] 0.1
30TH 0002 ©0408] 1217} ©o14s] 0377] 0807] 0032 0035 0031] 0000] 0159 1014 o146  o0.108]  o111]
40TH 0011] o0409] 1480] 0239] o4s4| 1255] oo41] oo42| 0039] o001 o0277] 2021 0147  0a07] 0112
SOTH 0018] 0802] 2343] 0322 0780] 18e7] 0048] 0047] o0o045] o0004] 08539 3034 01s0] 0107 0.413]
60TH 0030] 1102] 298] o428] og7s|  2115] " co0ss| eosa]  eosi] 0012 o705 4701 0152] o.108] o113}
70TH 0054] 1617{ 44s3] os18] 1171 2517] oo062| 0060] o00ss] ocoze] 1502] e717]  oi1s4]  o108]  o0114]
80TH 0088] 3217] 7075] 0633] 144s] 3095] 0071] ooes] o00s9] o0o44] 3490 18sed] 057 0.110]  o.11s]
90TH 03] ss502] 11834] 0735] 1788] 3763] 0080 o0o079] ooes]  o0.128] saso] 34397] 01e0]  ocati]  o117]
99TH 2018] 13246] s57.795]  2577]  sso08]  129e8] 0212 0221] o0202]  1222] 28973] 178881 0247]  0.141  0.143
QUANTILE RATIOS
10TH 0000] o1s6] o01e9] 0113] o0135] oose] 03« 03se] 0337 o000l co23]  oo3 0957 oseo] ogr
20TH 0000 0321 0382] 0312 o0322] 0316] os6] oss1| os1s] oooo] o0.134] o0163] o9ees] oess| o978
30TH 0106 0509] 0520] 0455 ©c4s] 053] o0ess| o0743] oee7] o072l 0205] o0333] o0974] o0s91f o.9ss]
40TH 0601] o0622] 0632] o0742] 0633} o0740] o08s0] o0s678] oees| 0361] 0515 o0ee6] oess]  og9es]  o9e1]
50TH 1000 1000] 1000} 1000] 1000 1000] 1000 1000 1000] 1000 1000 1000] 1000]  1.000]  1.000]
80TH 1618]  1373] 1274 133 1255|  1246] 1.138]  1116]  1137] 3082] 1308] 1540]  1015]  100s] 1003}
70TH 2954]  2015]  1g08] 1611 1.501 1484] 1279] 1268] 1238] 7478 2780 3202 1020 1017 1013
80TH 4784] 4009] 3020 1968] 1857] 1.824] t478] 1435 1318 11202] 6407 6220] 1047 1.026]  1.022
90TH 18.135|  6.856]  5.051 2286| 2200 2218] 1660] 1672] 1.548] 32737] 15748] 11338] 1070] 1040 1041
29TH 100.799) 16.508] 24670] 8011 7.082] 7644] 4380] 4e60]  4sos| 312532] s3708] ssesz]  1.es2 1315]  1.267
*Quanties pond to the distribution including Washington, D.C.

** Denominator corresponds to 1,000 of people.
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TABLE 8: MEASURES OF INEQUALITY OF THE GEOGRAPHIC DISTRIBUTION
INDICES OF ACCESS TO COMPUTER AND FIBER OPTIC INFRASTRUCTURES

LEC LEVEL

| ] 1986 | 1989 | 1992 |
| GINI COEFFICIENTS |

No. Sites/Population 0.415 0.402 0.388

All Systems Mips/Population 0.457 0.493 0.462
[FiberiLand 0.844 0.621 0.612
INetworking Index 0.864 0.754 0.735

Relative Information Infrastructure Index 0.038; 0.042 0.039

DECIL DISTRIBUTION RATIOS

No. Sites/Population 0.362 0.391 0.411
All Systems Mips/Population 0.225 0.204 0.238]
JFiberiLand 0.005 0.086 0.109]
[Networking index 0.001 0.018 0.026]
lReIatlve Information Infrastructure Index 1.739 1.703 1 .729]

Washington DC excluded.



TABLE 10: CHARACTERISTICS OF THE DISTRIBUTION OF ALL SYSTEMS MIPS BY GROUP OF ECONOMIC ACTIVITIES, 1992

LEC LEVEL
ECONOMIC ACTIVITIES Group SIC Shareof | Share of Number of GINi COEFFICIENT
Code | Composition Sites All Systems] Lecs with Dist. All Systems | Dist. All Systems | Dist Specialization
Mips Business in Mips Across Mips Across index Computer
Econ. Activ. Sites Lecs Capacity across Lecs

JFederal/State/Local Government 35 91-07 14.42 14.85 85 0.756 0.736 0.503
JBusiness Services 31 73 11.67 11.93 79 0.788 0.785 0.604
[Wholesale Trade 21 $0-51 6.23 2.64 73 0.705 0.781 0.695
{Education Services 34 82 6.10 6.63 83 0.735 0.691 0.647
IDepositary Institutions 25 60 5.91 5.30 81 0.781 0.800 0.716
[insurance Carviers 28 63 5.49 7.65 66 0.719 0.725 0.818
[Health Services 32 80 5.43 4.08 77 0.569 0.717 0.638
fComputers and Related 11 35, 365-368 5.41 544 67 0.740 0.795 0.720
JLegal, Social, Engin. Serv., Museums 33 | 81,83,84-89 3.79 3.50 55 0.766 0.847 0.764
[Misc. Retail 22 52,55-59 3.04 1.83 58 0.725 0.797 0.782
{Printing and Publishing 6 27 264 1.46 57 0.645 0.798 0.717
Manutacturing 3 21-25, 29 2.49 1.74 59 0.758 0.823 0.871
[chemicats 7 28 2.04 2.38 44 0.687 0.850 0.862
Misc. Manufacturing 8 30-32, 39 1.93 0.91 60 0.755 0.815 0.865

ransportation Services 16 4047 1.85 2.99 47 0.760 0.811 0.785
Insurance Brokers and Real Estate 29 64-69 1.80 2.27 48 0.716 0.838 0.787
Fabricated Metals 10 34 1.56 0.46 49 0.696 0.829 0.831
Electrical Apparatus 12 | 3851364, 369 1.42 1.08 45 0.715 0.803 0.894
Food Products 4 20 1.41 0.96 48 0.665 0.836 0.909
Gas and Sanitary Services 20 492495 1.34 1.61 52 0.613 0.801 0.796
Other Transportation Equip. 14 372-379 1.33 267 46 0.757 0.883 0.858
Jinstruments 15 38 1.29 0.95 42 0.624 0.835 0.872
Motor Vehicles and Equip. 13 371 1.25 1.31 39 0.767 0.892 0.876
Primary Metals 9 33 1.10 0.52 48 0.704 0.858 0.934
Security and Commercial Brokers 27 62 1.01 1.94 27 0.645 0.936 0.891
Electric Services 19 491 0.98 1.49 55 0.593 0.779 0.785
Food Stores 24 54 0.95 0.49 40 0.580 0.829 0.863
General Merchandise Stores 23 s3 0.94 1.71 42 0.758 0.842 0.883
Non-Depositary Institutions 26 61 0.93 1.24 43 0.696 0.853 0.852
Paper and Allied Products 5 26 0.84 0.57 42 0.681 0.830 0.847
Telephone Communication 17 481 0.76 3.09 44 0.562 0.824 0.765
Hotel, Personal Services 30 | 70727519 0.75 0.62 30 0.697 0.893 0.903
Mining and Construction 1 10-12, 14-17 0.68 0.64 37 0.858 0.930 0.922
Other Communication Services 18 482489 0.55 0.31 28 0.667 0.901 0.906
Oil and Gas Extraction 2 13 0.47 2.35 13 0.724 0.976 0.950
Agric, Forestry, Fish., and Hunting 0 12789 0.22 0.08 17 0.740 0.957 0.964
DESCRIPTIVE STATISTICS
Mean 2.78 2.78 50.67 0.704 0.830 0.810
Std. Dev. an 3.19 17.65 0.067 0.064 0.103
Median 1.41 1.72 47.50 0.716 0.829 0.850
Min 0.22 0.08 13.00 0.562 0.691 0.593
Max 14.42 14.85 85.00 0.858 0.976 0.964

Economic Activities are presented in descending order of Share of Sites.




TABLE 11: DESCRIPTIVE STATISTICS ENDOGENOUS AND EXOGENOUS VARIABLES

| MEAN | STD.DEV | MEDIAN MIN max | NUM. OBS
| ENDOGENOUS VARIABLES
[LOG (1+ NETWORKING INDEX)
1986 0.0698 0.2260 0.0027 0.0000] 1.8310 101
1989 0.7813 1.0885 03480]  o0.0000]  e.6861 101
1992 16116 1.4891 1.3218 0.0000] 8.0011 101
EXOGENOUS VARIABLES
fLoG PERCAPITA INCOME
1986 9.5436 0.1553 9.5371 9.2287 9.9186 101
1989 9.5999 0.1613 9.5794 9.2831]  10.0268 101
1992 9.6300 0.1470 9.6157 9.2978]  10.0453 101
LOG POPULATION DENSITY
1986 4.6411 1.2585 46750]  -0.0202 9.2557 101
1989 4.6637 1.2696 4.6840 -0.0202 9.2334 101
1992 4.6966 1.2698 47140]  -0.4080 9.1621 101
LOG (1+ URBANIZED POP)
1986 5.5945 2.5217 6.0714 00000  9.9280 101
1989 5.6185 2.5334 6.1038]  0.0000| 9.9924 101
1992 5.6487 2.5436 6.1297 0.0000]  10.0408 101
LOC (1+ RURAL POP)
1986 5.6182 1.3252 5.9571 0.0000]  7.5690] 101
1989 5.6410 1.3281 5.9796 0.0000]  7.5730] 101
1992 5.6741 1.3266 6.0247 0.0000 7.5796 101
FRACTION POP EMPLOYED IN FIRE
1986 0.0667 0.0175 0.0666 0.0338 0.1173 101
1989 0.0656 0.0176]  0.0652 0.0343 0.1180] 101
1992 0.0635 0.0174 0.0619]  0.0323 0.1164 101
CITY OF QUARTER MILLION 0.3762 04869]  0.0000]  0.0000) 1.0000 303}
JFAST GROWING AREA 0.1485 0.3574 0.0000 0.0000} 1.0000f 303]




TABLE 12: REGRESSION RESULTS

I REGRESSORS ALL YEARS] 1986-1989 | 1989-1992 1986 1989 1992
foummy 1986 -7.765 * -4.702 2.868 *
-(1.987) «1.385) (1.948)
UMMY 1989 -7.055 ** -3.981 -13.333 * -9.802 *
-(1.793) -{1.168) «2.918) +2.099)
Joummy 1992 £6.167 -12.460 * -19.161 *
~(1.568) 2.724) <(2.465)
fLoG PoP DENSITY 0.320 * 0.264 * 0414 * 0.081 * 0.430 * 0385 *
(5.418) (4.022) (7.085) (2.373) (5.826) (4.513)
JLOG PERCAPITA INCOME 0.645 0.393 1245 * 0.299 * 0.920 ** 1911 "
(1.509) (1.078) (2.531) «(1.963) (1.841) (2.299)
OG (1 + URBANIZED POP) 0.071 ** 0.027 0.106 * 0.023 0.045 0.164 *
(1.648) (0.630) (2.215) (1.266) (0.788) (2.357)
lLOG(1 + RURAL POP) 0182 * -0.154 -0.240 * -0.090 -0.238 0232
~1.709) 1.274) -(2.106) -(1.530) -(1.555) {1.413)
{TY OF QUARTER MILLION 0.397 * 0278 * 0574 * o112 * 0487 * 0654 *
T (3.634) (2.679) {4.446) (2.419) (3.464) (3.246)
AST GROWING AREA 0370 " 0.210 * 0.526 * 0.002 -0.398 * 0632
T -(3.466) «2.117) ~(3.928) (0.027) -(2.706) «2.958)
RACTION POPULATION 11.041 * 6.678 13.532 * 0.367 11.324 * 14.006 *
MPLOYED IN FIRE (2.475) (1.604) (3.048) (0.284) (2.468) (2.071)
dj. Rsquared 65.827 55.147 74.102 32.141 72.583 73.455
umber Observ. 303 202 202 101 101 101
esidual Sum of 151.177 60.604 88.575 3.347 27.493 51.417

quares

Numbers in parentheses are {-stafisidfics. All standard errors and associated t-statistics were
computed using White's covariance matrix estimator and are heterokedastic-consistent.

* Significant at 5%
** Significant at 10%




TABLE 13: QUANTILE REGRESSION RESULTS

INDEPENDENT 25th-Quantile Medlan 75th-Quantile
I VARIABLES Coeft. Coefr. Coefr.
| 1986
fconstant 0.04705 0.10128 0.49590
koG PoPuLATION DENSITY 0.00472 0.00479 0.00770
JLOG PERCAPITA INCOME .0.00891 -0.01337 -0.05789
JLoG (1 + URBANIZED POP) 0.00002 000127 0.00105
JLoG (1 + RURAL POP) 0.00043 -0.00263 0.00356
fcrTY OF QUARTER MILLION 0.01027 0.01646 0.09590
[rAsT GROWING AREA -0.00788 -0.00685 0.00162
RAC. EMPLOYMENT IN FIRE 0.27111 0.31648 0.77440
1389
ONSTANT 641506 -5.45145 -10.67881
JoG PopuLATION DENSITY 0.32208 0.36835 040033
JLoG PERCAPITA INCOME 0.46640 0.42408 1.05834
Jo6G (1 + urBANIZED POP) -0.01606 0.02111 0.05882
§L0G (1 + RURAL POP) 0.00294 017246 -0.30329
ki oF QUARTER miLLION 0.42706 0.46340 0.61243
fFAST GROWING AREA -0.28270 -0.35025 -0.58906
IFRAC. EMPLOYMENT IN FIRE 13.78780 18.24785 1491867
| 1932
fconstany -7.00038 -11.40842 -27.91650
JoG PopuLATION DENSITY 0.34150 0.36465 0.45181
JLoG PERCAPITA INCOME 041513 1.01907 293148
JLoG (1 + urBANIZED POP) 0.04554 0.13919 0.22632
fLoG (1 + RURAL POP) 0.03024 .0.16368 .0.38448
fcrr oF QUARTER MiLLION 0.56877 0.60194 0.44301
[FAsT GROWING AREA -0.88925 0.72134 -0.31901
JFRAC. EMPLOYMENT IN FIRE 35.45870 26.40275 7.54589

Estimation based on algorithms in Koenker and d'Orey (1987, 1994). Confidence intervals are
computed using regression rank score inversion.

* Significant at 5%
** Significant at 10%




APPENDIX 1: GEOGRAPHIC AND ECONOMIC INDICATORS OF LOCAL EXCHANGE COMPANIES

STATE LOCAL EXCHANGE COMPANY NAME LEC MAIN CITVES POPULATION LAND POPULATION OPERATING % LOCAL
CODE 2 By millen) DEMSITY REVEMUE 1002 REVENUE
{1.008) 1082 {ues 19e7) "
AL JGTE South, Inc. GTAL  JDothen 6212 5,775] 41.1 91,486] s5.84]
South Ceniral Bell Telephone Co. s8aL _fHuntsville, Bimingham, Montgomery, Mobie. 3316.3 27,087] 107.8 905,277] 56.401
AR |GTE Southwest, inc. GTAR _[Bentonville, Fort Smith 4880l  6.008] 42.6] 47814] 37.62]
JSouthy Bell Telephone Co. [swaR |Litle Rock 1488.4]  1a.620] 63.4] 418,079] 47.94]
AZ _ ]The Mountain States Telephone and Telegraph Co. msAz JPhoenix, Tempe, Tucson. 3.5688]  27,108] 47.8] 890,505{ s2.65]
CA of Califomia, inc coca [San Bemandine, Bakersheld. 2208.7]  15,048] 46.7) 319,048] 2420]
GTE Caitfornia GTca [Riverside, Santa Barbars. 23%058] 10916 199.3] 2,308,162] 33.58)
Pacific Bell PTCA _[Los Angetes, San Diego, San Francisco. 26,1304]  §1,142] 333.7] 6,422,464} 42.72}
CO | The Mountain States Telephone and Telegraph Co. MsCO |Denver, Bouider, Colorado Springs. 29138]  75.408] 35.6] 1,096,924) 47.91]
ICT ___ JThe Southem New Engtand Telephone Co. SNCT _[State 3,279.0 4.938] 676.7 1,150,364 36,02
DC _ JThe Chesapeske ana P Telaphone Co. cooc_[o.C. 5852 61 9,520.4 444,751 52,07
oe  jme i Stats Telephone Co. psoe ]state 6909 2,057 3535 192,992 43171
FL  [Central Teiephone Company of Florida cer.  |Taliahassee 5789 4.448] 882 146,603] 2861}
GTE Florida, Inc. GTrL  |Tampa, St Petersburg. 2633.4] 5,164) 561.2) 952,542 43.18]
Southem Bell Telephone and Telegraph Co. saFL__]Jacksonvitle, Miami, Odando. 79002  20,905] 404.8 2,583,836] 44.59]
JUnited Telephone Company of Florida uTFL  [Fort Myers 1,7995] 16130 119.3| 612,396 33e7]
GA  |GTE South, inc. GTGA  [Daiton 891.1] 8,800 932 148,429 37.604
[Souther Belt Telephone and Telegraph Co. SBGA _JAtlanta, Savannah. Columbus. 49750]  27.248] 186.5] 1,684,576 64.68]
A [GTE North, Inc. GTA | Ames, Dubuque. 4483 9.282] 38.5| 68,181 3.
[Northwestem Bell Telephone Co. nwia__ JDes Moinas, Cedar Rapids. 15108]  12,773] 744 474,810 41.50]
United Telephone Company of Mi utia [Newton 132.4] 3.364] 26.5 na na)
iD GTE Norttwest, inc. oTio  [Moscow 177.3] 6,824 158 71,967 27.01
The Mountain States Telephons and Telegraph Co. Msio  [Boise ™30  20676] 241 184,920 39.26]
v [Central Teiephone Company of lilinols ceE. ]OHare Airport 16.6] 1.400] 374 108,092 54.704
Contel of (ifinols, inc icoi._JFresport, Efingham. Dixon. 451.5] 9.216] 54.2 100,305/ 34,69
GTE North, inc. T |Bloomington, Decatur, Nosmal, 126531  20203) 50.9 267,139 42.33)
[tiinois Beit Teiaphone Co. Lei._ [Chicago, Urbana, Springfield, Moline. 9530.7]  12,000] 5383 2,431,897 60.15]
N ¢ Teisphone Company of Indiana, inc GTIN_ [Fort Wayne, Terre Haute. 1,721.3] 7.473] 124.3] 379,552 37.49]
|indiane Beti Tetephone Company, Inc NBiN__indisnapolis, Evansvilie, South Bend. 3019.4]  10377] 2483 864,420 4587}
Junited Telephone Company of indiana, inc uTiN | Jasper 454.3] 6,102} 88.0] 147,354 30.924
ks JSouth 1 Bell Telephone Co. swxes [Wichita, Topeka, Kanses City. 18518  29.200] 50.4 564,440 39.33§
United Telephone Company of Missourt uTks |Manhattan 7.7 7.968] 42 na. na.
KY  JCincinnati Bell Telephone Co.* lcaxy  [Crostview Hins 327.0 4,298 2727 na. na
JGeneral Teiephone Company of the South oy JLaxington 917.5] ©,920 90.2 227,969 41.39]
South Central Bell Telephone Co. sciy  [Louisvitie 20709] 19227 1072 539,054 52.09]
JLA_ Isouth Central Belt Telephone Co. scta_|New Orisans, Baton Rouge, Shreveport see26]  33.73s] 1172 1,074,588) 57.19]
Ma_ Inew England Telephone and Telegraph Co. nEMa  [State s.992.8] 8,140] 764.6 2,036,053 47.31]
M0 [The Chesapeske & P Teleph. Co. M cump IState 49174]  10418] £03.1 1,524,391 52.78§
IME___ INew England Telephone and Teiegraph Co. NemE  [State 12364 12,908 401 355,956/ 32.15)
MY .GTE North, Inc. [GTMt  JHolland, Muskeg 1.501.3] 17,450, 84.5 319,386 30.94;
I JMichigan Belt Telephone Co. MeMi_ JDotoil,_Lansing, Grand Rapids. 7.7556] 25,084 2439 2,214,732 43.64]
MN  JGenersl Telsphone Company of the Midwest TMN  Austin 37.2] 474 523 1,879 32.48]
I [Northwestem Beil Telephone Co. ownan [ Minneapolis, St Paul, 3576.7]  23882] 84.9] 877.805 50.42]
’MO GTE North, inc. aTMO  JColumbia, Springfield. 1,330.5] 4215] 53.6] 66,390 21.70]
Southwestem Bell Telephone Co. swMo_]Kansas City, St Louls + Suburbs. 3.120.1]  19.475] 164.6 1.081,866 51.16}
Junited Telephone Company of Missouri Jurvo Lefterson City 408.0 7.876) 424 121,789) 23.88)
MS  1South Central Beil Telsphone Co. scms 23788] 39212 59.0) 670,320 a7.
[MT  JGeneral Telephons Compsny of the Northwest, inc GTMT JLibby 17.7] 3.427] 49 5,055 26.34]
The Mountain States Telephone and Telegraph Co MMt JHelena 4727] 34384 6.9 181,710 42.19]
NG [Centrat Telephone Company CENC _ [Wilkesboro 606.5] 3,470] 110.3] 95,772 41.46]
" |cerlina Telephone and Tetegraph Co. lctre  [Greenvitle 1,911.8] 4,339 92.3| 466,056 357
GTE South, Inc. eve R Triangle, Durham. 188.1 862 6472 134,353 3302
Southem Belt Telephone and Telegraph Co. Charlotie, Rateigh, Winston-Salem. 2,891.7] 12,789 255.5 1,011,213 4537




APPENDIX 1 CONTINUATION

STATE LOCAL EXCHANGE COMPANY NAME LEC MAN CTIER POPULATION LAND [POPLRATION OPERATING % LOCAL
CODE 1" (94, miles) DENSITY REVENUE 1082 REVENUE
{1,000) ez S8 1047) 12
D [Nortwestem Bell Telsphone Co. wno_[Grand Forks, Fargo. 3300] 28430 11.3 139,111 37.62]
INE  |GTE North, inc. aTve  [Columbus 125.9] 4422 27| 24,608} 27.32)
The Lincoln Telephone and Telegraph Co. iLve  Juncoin 3705] 10167 416] 130,276] 41.88]
Northwestem Bell Telephone Co. sonie fOmaha 7882  21.114) 21.8] 349 488] 34.83]
NH__ INew England Telsphone and Telegraph Co. NENH  [Portsmouth, Manchester, Nashua. 995.2] 8,183] 123.9] 350,394 3048}
Ins  [New Jecsey Beil Telophone Co. Ny [Rosels, Pri Jersey City, Newark, 7.479.9] 6,675] 1.224.3} 2,604,801 34.24)
INM GTE Southwest, inc. T JHobbs s67]  2.580] 12.9} 24,481 36.92]
[The Mountain States Telephone and Telegraph Co.  JusnmLos Alamos, Albuquerqus, Senta Fe. 1.1144]  e1.404] 34.4] 346,442 46.40)
WNV [Cantral Telephone Co. CENV  [Las Vegas 845.6] 1,636] 108.9) 174,322 47.17]
Contel of Caltfornia, inc conv  [Stateline 53.4] 1,643 198 na na,
Nevada Bell Py IReno, Carson City. 376.0 5,967 6.0 133,090] 38.26§
INY  |GTE New York TNy [Binghemton 1,007.0] 11,190 92.8) 150,888 2987}
New York Telephone Co. INYNY [New York, Albany, Syracuse, Buffalo. 15687.8]  28,12¢] 490.8] 6,333,320 60.19]
Rochester Telephons Corp. RNy [Rochester 685.4 2,454 457.4] 244,671 47.84]
o+ |Cincinnati Bell Teiephone iceoH  [Cincinnati 1,335.2 2,781 1,006.4 482,330 50.23]
General Telsphone Company of Ohio GToH  {Deyton 2,1604] 15,174 145.0] 405,884 38.31]
The Oio Beli Telephone Co. oHoH {Columbus, Clevelend, Akron s511.4] 11,613 486.0 1,686,172 54.96]
United Telephone Company of Otio utox  |Sidney 1,313.6] 8,762] 147 6] 302.530] 37.65]
oK JGTE Southwest, inc. GToK _{Shawnes 1424] o814} 24.4] 73,881 34.44]
JSouthwestem Beil Teiephane, Co. swox JTuisa, Otahoma City. 26325] 30322 67.5 677,004 48.51]
OR  |GTE Northwest, inc. aToR JBeaverion 56001 4,007 533 190,937 Y|
Pacific Northwest Bell Telephone Co. PNOR | Portiand, Medford, Eugene. 16309  26,069] 33.4 574,642 42.39]
PA  |GTE New York/Contel New York icora | Atlentown, Witkamsp 406 4} 1.925] 197.7) na. naj
W GTE North, inc. cTPA  |Ere, York, s s| 4,787 2314 227,467 40.45]
The Bell Telephone Company of Pennsyivania PAPA__|Pitisburgh, Philadeiphia, Harisburg. 85573 18,230 395.9 2,588,097| 43.03]
United Telephone Compeny of Pennsylvanis utea  [Camp Hill 675.5] 5,809] 147.1 165,432 28631
Ri New England Telephonie and Telegraph Co. NERI  [State 1,001.4] 1,206] 958.3 271,481 5131}
SC  ]Generai Telephone Company of the South GTsC  JGeorgstown 71.31 2,292] 47.5 97,466 39.79]
I Southem Bell Telephone and Telegraph Co. sesc _ JAiken, Columbla, Greenville, 24045  14.183] 156.1 721,545 51.48]
[so__ [Northwestern Beli Telephone Co. NwsD [Fieme, Vermitiion, Aberdeen. 447.7]  33o70] 105 136,850] 42.67]
TN JGeneral Telephone Company of the South oTTn  [Martin 121.8] 1,333] 732 35,836} 37.34]
|South Central Bett Telephone Co. scTM__|Memphis, Nashville, Chattancoga, Knaxville, 41059 25131} 143.0 1,057,513} 53905
United Inter-Mountain Telephone Co. uTiM__ | Kingsport 405.8] 2,279] 158.4 139,845 40.30}
TX  |Genersi Telephone Company of the Southwest GTTX _ {College Station, Corpus Chaisti, Texarkana. 17423  43.845] 26.4 819,936} 31.12]
South BeHl Telephone Co. swrx_[Houston, Dalias , Austin, San Antonio. 13,639.9]  78,930] 142.0] 3635518} 48.46}
UT__ JThe Mountain States Telephone and Telegraph Co. MsuT _[Salt Lake City, Ogden, Provo. 16722]  32.484] 41.9] 356,488 4381
VA ICentral Teisphone Company of Virg cEva  JBassett, Altevista, 623.9] 6,608] 84.4 124,581 36.81
[Contel of Virginia, inc cova {a Chesap 986.3] 9,712] 105.9) 233,193 39.02§
[The Chesapeake & P: Teleph. Co. of Virginia icwa  {Richmond, Reston, Arlington, 43873]  15348] 2022 1,447,258 4883
JGenerai Telephone Company of the South oTvA  [Tazewstt 78.5} oro] 76.7 20,123} 36,03}
VT |New England Teiephone and Telegraph Co. inevt  [Monipelier, Buriington. 392.3} 7,232| 66.2 188,5%0] 39.17§
WA [GTE Northwest, inc. GTwa [Everstt 659.1 7.788) 78.1 369,893] 36.96]
Pacific Northwest Bell Telephone Co. Prowa [Seattie, Otympla, Spokane. 36842 20,444] 96.5 1,081,120 a7.30]
W |GTE North, Inc. w1 [Madison, Weusau. 1.208.2 19,100] 56.6] 170,490 46.45]
Wisconsin Befl,inc. wevnr [ Mitwaukes, Green Bay, Appleton, Recine. 2,960.2 8,449] 2259 900,570 43804
WV [The Chesapeeke & P TYeieph. Co. West Virginia_Jcwwv JCharieston 1,3408] 15143 926 464,015 48.9¢]
|General Telephons Company of the South loTw [ Princeton, Bluefieid. 192.0] 2,247 735 47,541 a2.85]
WY JThe Mountain States Telephone and Telegraph Co. [mswy ]Cheyenne, Casper. 4372 58,013 5.1 120,761 39.20]
* Cincinnati Bell Telephone Company of Kentucky's revenue is included in Cincinnati Beti Telephone Company of Ohio.



APPENDIX 2: DISTRIBUTION OF COMPUTER CAPACITY AND FIBER OPTIC DEPLOYMENT

LEC LEVEL
SYATE ~No. SIS XICSYSTERS IOPS | N
R L L [~ YO8 ] [ Y]
AL aTAL 13 13 1, 18.9 49.1 €1.9] 791.2 T904] 8212 3.5 932 [] 2,708 7274
SBAL 177 171 173] 1,0076] 2.330.1| 5.7464] 32008] 32%08| 33183 956 85.8 700] 9027| 20.1%0] 70.541)
AR GTAR 25 24 25] 1170] 3e83] e763] 4612] 4r0.1] a4se0] 9o 96.8 70.8 0 917 41
SWAR 62 71 61 3630] e78.1] 1.8430] 14492] 14483] t14ea1] 065 86.1 77.9] 240]  7.858]  22371)
hz sz 138 134 o) 14655 30025 7.5520] 30833 3376.1] 55688 952 938 87.8] 10274] 29330 121,129)
ca lcoca 41 49 3] 1528] 781 68| t7ese] 20811 2.2087] 89.6 727 50.0f of 4907] 11,080f
GTCA 48 8 S| 238 7302 13695] 18633] 21413] 23508]  ee7 762 47.2] 150] 34001 83771
Frea 1291 1261 w71] 12.960.4] 27.042.2] £0.630.1| 23.342.4] 24,8060 26,1304] w42 88.9 783]  2778] 203561 306,093]
= MsCO 215 193 155] 1.9483] 42574] 100435 27397] 27062] 20136 $3.0, 85.9 832] 13.545] 30851] 189.508]
T sneT 301 275 23] 3o339] 68638 102687 32241] 32635 22700 858 91.8 82.6] 415]  39.866] 97,
e cooc 135 138 18] 16551] 33566 55860] 6383 6242] 6852 954 884 746 124]  9,138] 19,192
e psoe 40 48 6] 3777 12345] 2771.1] e277]  es82] ewos 96.8 918 737 134  9814] 16,
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A TiA 20 18 7] 1407) 3314] 7895 4539] asss|  4asd] 01.0 668.3 37.6] 18]  1269] 4821
A 123 123 N2y  8744] 16730 30037 14724] 14777] 15108] 89.7 87.2 76.5] 488 16.285] 132330
utia 2 2 2 6.2 14.0 608] 1368 1328] 1324 1000 $8.6 74.8 0 0 of
) GTIo 1 1 1 4.1 4.1 66] 1e64] 1e41] 1773 1000] 1000 1000 0 455 656§
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sexy 95 [X] o5}  6145] 18345] 30232 20617] 2.0405] 20709] 953 922] 872] o882 20496 45068]
LA sca 172 165 157 9308 1971.4] 40541] 38063] 36723 3ee26] w57 92.8} 684] 17663 338ds| 62.008)
MA INEMA 458 416 8] 37375] 74953] 153853 s50036| 80154 sow2e] 800 76.4 60.9| 652| 107.826] 209,048
O CMMD 260 286 zr2] 27563| 7.0073| 169078 44875 47272] 49174]  vea 92.3 86.9] 411]  s0.892[ 158,149
NEME 41 43 8] 2795] €017 1.4850] 1.1704] 12199 12364] 94.3] 822 69.5} 3s5]  17481] ase01)
o T 47 49 se] 1196] 37e8] 7726 14087 14503] 15013]  e08] 85.2 61.0] o] 3484] 19.892]
e 7 459 o7y 36168 80342 177182 7.855.1] 7e313] 77s5¢]  ese 924 815] 1120 #367] 256569
n TN 1 1 21 4.1 14.0 62.4 386 37.5} 372] 1000, 100.0 54.3] [] 96|

NN 268 275 257) 28797 8.1719] 16.1772] 33441] 34670] 35787 064 943 X | 811] 37672] 179.623)
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Ne ICEnC 28 27 €92 2227} s71.7] 6761 5903] eces] soes 94.3) 83.8] of 3085] asa9]
cTTc 45 48 o 1731 4445| 0834 18127] 18630] 19119 86.3 718 64.7| 365 11,356] 35,7008
oTNe 27 27 28] 2632 e882| 24303] 1e93| 1794] 1881 98.5 80.2 78. o 4534 7,3%

Jsanc 197 201 200§ 18927] 3233 85405 26107| 2.7447] 28917 96.0 940 80.5] 16.802| 55704] 103.3




CONTINUATION APPENDIX 2
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oy NI 569 550 495 6607.0] 132135] 23,151.1] 73110f 7.3085] 74799] 978 912 a2.5] 748]  78,128] 385781]
INM s 0 0 of 0.0] 0.0 0.0 637 56.8 6.7} 0.0 0.0/ o.0f ] 94 (3 |
MsNM 39 39 33] 86250 1261.9] 45088 v96.9] 10472] 11144 95.8 85.9 678]  6734| 12988] “48248)
= 17 14 20 689 2273] 5144 s870{ 6964 8458 95.9 95.8 85.9] 0 140 5,442}
lconv 1 1 0f EX] 8.2 0.0 40.1 453 s34] 1000 19.5] o.0f 0 38 704]
PTNY 16 16 13]  1247] 2492| 5788 3006 3408 376.0 95.5 96.8] 82.8] 13|  2088]  7289]
INY aTNY 36 38 3] 1002 2084] 6786] e653] e502] 1.0070f €35 75.1 41.6] 258] 4126 8227
INYNY 943 73 796] 8.617.4] 18484.7] 34,0540] 15681.4] 15.704.8] 158878  96.0 90.5 763]  1.760[ 184.734] 451,356]
RTNY 61 [ 52]  4928] 14550] 23200 sedo| 871.5] was4] 89.4 85.1 60.4} o] 2171 9,938]
caoH 127 116! 105§ 12384] 30574] 66303] 12032] 13026] 13382] 959 929 80.5] 193]  18213] 10572}
F“ eToH 11 105 97]  670.1| 19426] 45683 20831 21145] 21604] 025 87.2 79.7| 3|  4830] 16,607
jorion 420 400 2] 35650] 7,786.3] 207388] 54234] 54402] 55114] 961 89.3) 00.3] 616  31,564] 86,527]
uton 62 &1 sgf  2069]  4488] 1.1392] 12663] 12858] 13136} 95.9 85.8 57.3] 105  4189] 15344]
oK laTok 0 0 1] 0.0 00 04] 1472]  119] 1424 0.0 00{ 1000 s 2057 7642
swoK 164 158 148] 2021.7] 23,1890 6491.4] 26556] 25774] 26325] s 92.1 ™7 454]  31681] 62,93¢)
oR laToR 8 13 9] 433]  1478]  8178] 4748] 511.4]  se00] 954 99.7 92.2) 18] 6623 3991)
fProR 88 %0 78] 025 17860 34751] 15093] 1.550.4] 16308] 902 84.8} 72.7) 226] 16731 79.739}

A lcoPA 32 33 3] 2242 eodd] 1.0198]  4s3s|  4v09] 4064 975 91.68| 77.2 0 0

GTPA 47 48 41  2008]  4232] 933s] 8554 864.3]  e835] %60 84.7 54.2 63|  38s3] 10001
PAPA 580 544 505] 44334 11,6963] 25472.1] s4ce8| 8501.0] 8557.3] 969 917 st.1]  2688] 110.468] 267.841]
UTPA M M 3] a774] 10113] 13734] e34q| es21] 6755  ees 98.7 86.3] s511] 3248  12.194)
Ri INERI 69 80 s2]  8528] e058] 16234] 9774] 10008] 10014] 914 87.5 75.9] o8] 10,144] 32323
A 2 2 2| 1.8 4.0 52 85.7 68.0 713]  1000] 1000  100.0f o] 3907] 6189
sesc 114 125 133] 8298 18965] 48886] 22430] 23123] 24045] 982 88.4 824] 15650 45822] 72611
so Nwso 14 17 15] 1.3 723]  2745] 4427 4423]  aar7] 95.2 95.2 38.4] 390 14,500] 48,957
v aTTN 2 2 1 89 208 390[  1140]  1174]  1218]  258] 77 10.0 0 833  4.210
scTH 211 216 209] 1.7749] 32747] 66745 38514 39600] 41059] 969 84.3 816] 7633 19.104] 97328]
T 19 17 6] 1257 " 2446] 4044|3543  3952] 40ss]  se7 92.4 69.6] «s| 2083 se7e]
frx eTTx 50 49 43] 3523  es28] 25012 17270 17069] 17423] 048 79.7 7.7] 449] 17222] 381354
swrx 916 837 746] 8439.0] 18709.7] 442057] 12,7087 129147] 136309] 963 91.9 84.3] " 2,348] 144485] 30443

T MSUT 98 88 89] 7779| 1e887] 38102] 1.5202] 15742 16722] 903 83.4 s7.1f 2418  4071] 38,
A ICEVA 9 7 7] 214 316] 692 ss03] e07y] e2sf 925 68.0 73.1 74| 2395|873
[CovA 7 6 7! 923  1058] 1600] 8450 9154] 986y 987 545/ 603 740] 10,700 22.769]
cwA 245 264 223] 2350.1] 6614.2] 14047.0] 39782] 42037] 43673] 37 908 843}  1138] 84439 263745
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WA GTWA 7! 10 104 4571 1383] 3532] sa7e]  se23|  esen] w4 850 464] w6 12277 14744
Provia 178 177 166] 14505] 35384] 8417.1] 32267] 34224] 36842} 89.9] 86.8 79.2] 617]  34488] 93,111]

= lGTW 75 74 70]  4529] 11447 2.7954] 1,1420] 116951 12082] 97.2| 936 73.5] o] 5520 18,
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APPENDIX 3: DISTREELTION OF INDICES OF ACCESS TO INFORMATION INFRASTRUCTURE BY LECS

STATE LEC FIBER OPTIC ! ALL SYSTEMS MWPS/ NUMBER OF SITES/ NETWORKING INDEX RELATIVE INFORMATION
LAND " POPULATION POPULATION INFRASTRUCTURE INDEX
1 190 | tm f s | 1 1992 1988 1989 | ez 1584 s | 12 1886 1580 1992
AL GTAL 00000| O4ce9] 123ef| 00239 00614] 00754] o00t64] oc.0183] o001 00000] 00288] 00949] 01427] o0.1049] o0.1054]
SBAL 03335| o07463] 28yl 03148] 07212] 17328] 0.0s53] o00520] o00s22] o.1050] o.s5382] as1s9] 0.1556] o.1072] o11z7]
AR fotar 00000] 0.4507) OS] 02537] 08494 1.6031) 00542] 00511] 00514] 0.0000] 0.1280] 12248] o0.1478] o0.1071] o.1123f
Jswar 00129 04220] 12vsl 02605] 04682 1.2554] 0.0428] 00400] oo416] o0032] o976 1.5083] 0.1473] o0.1085] o1118f
a2z MSAZ 03790] 10821] 4amsll 04753 1.1558] 2.1161] 00441] 00397 0.0362] o.1e02| 12508] 9.4567] o0.4574| o.1077] o.1126)
CA fcocA 00000] o02576] oserri| o00854] 02805| 03704] o00220] 00238] 0.0171] o0.0000] 0.0723] 0.2152] 0.1438] 0.1054] 0 10s5]
GTCA 00137] 3.1230] 4&=4 o0.1282] 03391] 06032) 0.0268] 00262] 00217] 0.0018] 1.0580] 2.9710] o.1448] o0.1067] o.1108]
pTCA 00543] 39803| sse=cl o08se0] 10863] 22602] 00552] 00507] 0.0410f 0.0302] 4:3239] 136472] 0.4523] 0.1001] o1135]
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m ooaz| 1.2750] toaaxrfl o5e40] 1.1322] 25639] 00836] 00e32| 00741] 0.0227] 1.4435] 267692] o0.1546] 0.1080] o0.1163]
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CONTINUATION APPENDIX 3
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