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Executive Summary

Does broadband Internet access matter to the U.S.
economy? Given how recently broadband has been
adopted, little empirical research has investigated

its economic impact. The analysis presented in this
report represents a first attempt to measure the impact
of already-deployed broadband technologies by ap-
plying controlled econometric techniques to data on
broadband availability and economic performance

for the entire U.S. In other words, this study differs
from others in its definition of broadband as a here-
and-now technology, its use of controlled statistical
techniques, and its geographic scope encompassing
the entire U.S. The results support the view that
broadband access does enhance economic growth
and performance, and that the assumed economic
impacts of broadband are real and measurable.

We find that between 1998 and 2002, communities

in which mass-market broadband was available by
December 1999 experienced more rapid growth in
employment, the number of businesses overall, and
businesses in IT-intensive sectors, relative to compa-
rable communities without broadband at that time. The
analysis did not find a statistically significant impact of
broadband on the average level of wages; however,
the effects of broadband availability by 1999 can also
be observed in higher property values in 2000.

These conclusions are based on a cross-sectional
panel data set of communities across the United
States, segmented by zip code, that we constructed
and analyzed for this project. The data set matches
broadband availability data from the Federal Commu-
nications Commission’s Form 477 with demographic
and other economic data from the U.S. Population
Censuses and Business Establishment Surveys. The
analysis differentiated 22,390 zip codes by their broad-
band availability as of December 1999, then compared
economic indicators over a long enough period to see
if consistent deviations from the secular trend were
observable, while controlling for community-level
factors known to influence broadband availability and
economic activity, such as income, education levels,
and urban vs. rural location.

The analysis reported in this study is necessarily pre-
liminary; additional data and experience are needed
to confirm broadband’s impacts on the economy. The
magnitude of impacts estimated by our models are
larger than we expected, and given the many data
limitations present at this early stage of the broadband
transition, cautious optimism is advised in interpret-
ing the numerical estimates. Economic development
practitioners and government policy makers can con-
tribute to the refinement of these results by participat-
ing in activities and programs designed to improve the
availability of localized data on broadband usage and
other economic indicators.

For most of the impacts studied here to appear, broad-
band had to be used, not just available. The implica-
tion for economic development professionals is that

a portfolio of broadband-related policy interventions
that is reasonably balanced (i.e., also pays attention
to demand-side issues such as training) is more likely
to lead to positive economic outcomes than a single-
minded focus on availability.

The positive direction of broadband’s impacts was
found to be robust across the different models tested
at the zip code level, including models of economically
distressed areas such as the Appalachian region. Our
findings thus support the conclusion that broadband
positively affects economic activity in ways that are
consistent with the qualitative stories told by broad-
band advocates. Economic development practitioners
who have been spending their time or money promot-
ing broadband have indeed been engaged in a worth-
while pursuit. Many significant programs are in place
or under consideration at the federal, state, and local
levels to ensure competitive availability of broadband
to all U.S. citizens, stimulate ongoing investment in
broadband infrastructure, and facilitate the educa-
tion and training that small business and residential
customers need to make effective use of broadband’s
capabilities. Such policies are indeed aimed at impor-
tant goals. Broadband is clearly related to economic
well-being and is thus a critical component of our
national communications infrastructure.
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Does broadband Internet access matter to
the U.S. economy, and if so, how much?

Empirical estimates of broadband’s impact are an impor-
tant input to investment decisions related to economic
development. Such estimates can, for example, help predict
potential benefits obtainable from government investments
that directly or indirectly subsidize broadband deployment
or use. Examples of such investments — in place or pro-
posed at the federal and state levels — include targeting of
Universal Service Funds toward broadband; the broadband
loan program of the U.S. Department of Agriculture; digital
divide grants; and technology-led economic development
programs. At the level of local government, an estimate of
broadband’s likely impact can inform a community’s evalu-
ation of the case for public sector investment in broadband-
related programs.

The analysis presented in this report represents a first at-
tempt to measure the impact of already-deployed broadband
technologies by applying controlled econometric techniques

to data on broadband availability and economic perfor-
mance for the entire U.S. The results support the view

that broadband access does enhance economic growth and
performance, and that the assumed economic impacts of
broadband are real and measurable. Economic develop-
ment professionals who have been spending their time or
money promoting broadband have indeed been engaged in a
worthwhile pursuit.

Results

The analysis conducted for this study found that between
1998 and 2002, communities in which mass-market broad-
band was available by December 1999 experienced more
rapid growth in employment, the number of businesses
overall, and businesses in IT-intensive sectors, relative to
comparable communities without broadband at that time.

Table 1: Estimated Magnitude of Broadband’s Impacts’

The analysis did not find a statistically significant impact of
broadband on the average level of wages; however, the effects
of broadband availability by 1999 can also be observed in
higher property values in 2000.

Empirical estimates of the magnitude of these impacts are
shown in Table 1. Broadband’s impact on the number of
jobs and business establishments was particularly large
relative to our expectations. While increases on the order of
1% may not appear large at first glance, in fact these figures
represent increments to growth rates that are typically in the
single digits. For example, in the overall sample of commu-
nities we tested, jobs grew on average by only 5.2% between
1998 and 2002. Thus even a 1% increase attributable to
broadband represents a noticeably large impact.

These conclusions are based on a data set that we construct-
ed and analyzed for this project, drawn from the sources
shown in Table 2. The essence of the study’s design was to
differentiate geographic areas by their availability or use of
broadband, then compare economic indicators for these ar-
eas over a long enough period to see if consistent deviations
from the secular trend were observable, controlling for other
factors known to distinguish among the areas. As discussed
further below and in Appendix IV, both state- and zip-code-
level analyses were conducted, but only the zip-code-level
analysis yielded meaningful results.

The remainder of this report proceeds as follows. We begin
with an overview of the research challenges involved in mea-
suring broadband’s impact at this early stage of transition

to this new form of communications infrastructure. In this
context we explain how broadband is defined and measured
for the purposes of the analysis, and how the present study
builds on and extends previous related work.

We then provide an overview of the methods we used to
arrive at the results presented in Table 1. We discuss the

Economic Indicator Results

Employment (Jobs)

Broadband added about 1-1.4% to growth rate, 1998-2002

Business Establishments
(Proxy for Number of Firms)

Broadband added about 0.5-1.2% to growth rate, 1998-2002

Housing Rents
(Proxy for property values)

More than 6% higher in 2000 in zip codes where broadband available by 1999

1998-2002

Broadband added about 0.3-0.6% to share of establishments in IT-intensive sectors,

Industry Mix

1998-2002

Broadband reduced share of small (<10 employees) establishments by about 1.3-1.6%,
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Table 2: Data Sources

Type of Data Description

Availability Source

Business Activity
Indicators

Used for employment,
establishments, wages (payroll),
industry sector and size mix.
Reported at zip code level;
aggregated for state-level analysis.

U.S. Census Bureau -ZIP
Code Business Patterns
(ZCBP)?

Collected annually; most
recent data from 2002.
Industry sectors coded by
SIC (1994-7) and NAICS
(1998-2002).

Used for income, rent, educational
attainment, and # of households.
Reported at both zip code and state
level. Also used to compute % of
population in urban areas for state-
level analysis.

Demographic
Indicators / Controls

Collected every 10 years;
most recent data from
2000.

(1) U.S. Census Bureau -
2000 Decennial Census
(2) GeoLytics — CensusCD
(“1990 Long form in 2000
boundaries”)?

Used to indicate how urban or
rural a zip code is, based on
its population and proximity to

Geographic Controls

Economic Research
Service, U.S. Department of
Agriculture - Urban Influence

Computed every 10 years;
most recent coding from
2008.

metropolitan areas. Code (UIC)*

Broadband Metrics Reports number of high-speed | Collected every 6 months | U.S.Federal Communications
Internet providers by zip code, and | (end of June and December) | Commission - Form 477
number of lines in service by state. since 12/1999. databases®

hypotheses we formulated and the approaches we used for
testing them statistically against the available data.

The body of the report concludes with a discussion of the
implications of our results for broadband-related economic
development policies.

Further details are incorporated into five appendices, the

first of which provides biographical details for the authors.
Appendix II provides further detail on data issues, including
limitations imposed by the data sources available for use in
the study. Appendix III specifies the econometric models used
for the analyses. Appendix IV provides tables with all of the
detailed regressions results and discusses their interpretation.

Finally, Appendix V discusses the results of applying the
techniques developed in this study to the Appalachian Re-
gion, as a test of whether broadband has differential impacts
in areas that are more economically distressed. This regional
analysis finds positive directions of economic impact that
are consistent with the nationally scoped study. In particu-
lar, the results suggest that the magnitude of broadband’s
impacts on employment are even larger in distressed areas.
Additional analysis is warranted to understand the sources
of this difference.

Research Challenges

Measurement of broadband’s economic impacts poses many
challenges. Foremost among these is the need to define
what is meant by broadband and to develop a corresponding
metric for use in the analysis.

While many previous studies have been based on a forward-
looking definition of broadband (e.g. access at speeds on
the order of 100 Mbps), the empirical nature of the present
study dictated a definition consistent with the broadband
capabilities that were reasonably widely deployed in the U.S.
during the years under study (1998-2002). We therefore
found it appropriate to use the Federal Communications
Commission’s “high-speed” classification to define broad-
band: any line with a speed higher than 200 Kilobits per
second (Kbps) in at least one direction.

Adopting this definition allowed us to use the FCC’s Form
477 data — the richest publicly available source we are aware
of — to develop broadband metrics suitable for distinguish-
ing among communities. Ideally, we would be able to dif-
ferentiate by a community’s actual use of broadband, since
use is a prerequisite for most forms of economic impact.
However, the FCC’s data limited our metric to broadband
availability at the zip code level, because the FCC only
reports lines in service (a metric easily converted to penetra-
tion) at the state level. Although we do not expect availabil-
ity to serve as a perfect proxy for broadband use, this metric
is the best available at the zip code level.

Other challenges arise from broadband’s relative novelty,
from the general problems encountered when trying to mea-
sure impacts from any type of information technologies, and
from the need for localized data. Widespread availability
and use of inexpensive, always-on, faster-than-dialup access
to the Internet is a relatively recent phenomenon in the U.S.
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The first commercial deployments appeared only in the
second half of the 1990s. About a third of U.S. households
subscribed to broadband by 2004.° National economic data
is only now becoming available to examine whether broad-
band actually does act on the economy in ways that have
generally been assumed — accelerating growth, expanding
productivity, and enhancing the quality of life.

Measuring the economic impact of broadband confronts the
same types of measurement challenges that led to the so-
called Productivity Paradox of Information Technology (IT),
best articulated by economist Robert Solow’s famous quip
that we see computers everywhere but in the productivity
statistics. Broadband does not act on the economy by itself,
but in conjunction with other IT (primarily consisting of
computers and software during the period studied here) and
associated organizational changes. As with computers, the
effects of broadband may be strongest in service (i.e. non-
farm, non-manufacturing) industries, where productivity
improvements are typically less well captured by economic
data.

Finally, for many of its hypothesized modes by which
broadband might effect the economy, there is no available
data which would allow measurement of its impact. Early
studies suggested that broadband should make individuals
and businesses more productive through behaviors such as
online procurement and telecommuting. Data is generally
not available, however, to observe these behaviors at the local
level across the entire nation.

Relation to Previous Studies of Broadband’s Economic
Impact

Many of these challenges are reflected in the progression of
empirical work to date. The first generation of studies ap-
peared in 2001-2, before broadband had been significantly
adopted in the United States. These studies were of neces-
sity hypothetical and forward-looking. As a report from

the U.S. Department of Commerce aptly put it at the time:
“Because broadband technologies are so new (and continue
to evolve), there are no definitive studies of their actual
impact on regional economic growth and tech-led economic
development. Of course that never prevents economists and
technologists from speculating or estimating.”’

A well-known report from this period was prepared for Veri-
zon by Criterion Economics.® It developed several forward-
looking models to estimate broadband’s economic impact.
The study estimated that broadband, acting through changes

to consumers’ shopping, commuting, home entertainment
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and health care habits, would contribute an extra $500 bil-
lion in GDP by 2006.

Other forward-looking studies from the time include the
New Millennium Research Council’s estimate of 1.2 million
jobs to be created from the construction and use of a nation-
wide broadband network.? Similarly, a Brookings Institution
report estimated that failure to improve broadband perfor-
mance could restrict U.S. productivity growth by 1% per year

Oor more. 10

By 2003, studies started becoming available based on the
experiences of individual communities. One was a case study
of a municipal fiber network built in 2001 in South Dundas
Ontario. It was prepared for the UK’s Department of Trade
and Industry.!! Similarly, a study compared Cedar Falls,
Iowa, which launched a municipal broadband network in
1997, against its otherwise similar neighboring community
of Waterloo."

Each of these studies found positive economic impacts from
the local government investment. More recently, Ford and
Koutsky compared per capita retail sales growth in Lake
County, Florida, which invested in a municipal broadband
network that became operational in 2001, against ten Florida
counties selected as controls based on their similar retail
sales levels prior to Lake County’s broadband investment.
They found that sales per capita grew almost twice as fast in
Lake County compared to the control group.'?

The present study builds on the foundations laid by these
earlier works, but differs along several important dimen-
sions. First, as discussed above, the present study defines
broadband by the level of technical capability that was
generally deployed in the U.S. during the 1998-2002 period,
as measured by the FCC. Second, the study employs a na-
tionwide sample, incorporating more potential for statistical
control. Finally, within the sample, the study distinguishes
among communities by the availability of any type of
broadband by December 1999, regardless of who provides it
(e.g. private vs. municipal), with what technology (e.g. cable
modem vs. DSL vs. fiber vs. wireless), or with what level of
technical capability (e.g. 200 Kbps vs. 100 Mbps).

Hypotheses and Data Availability

Broadband does not act on the economy in isolation, but

as a complement to other information technologies. In the
pre-2003 period studied here, broadband typically consisted
of always-on, faster-than-dialup access to the Internet, with
the user’s experience typically mediated by software running



on a personal computer. Broadband is a critical enabler for
the use of computer-based applications that need to com-
municate. Adoption of broadband-enabled IT applications
can thus affect the economy by changing the behaviors and
productivity of both firms and individuals.

Rappoport, Kridel and Taylor demonstrated how the conve-
nience and responsiveness of broadband led people to use

it more intensively than its narrowband (dialup) predeces-
sor.'* Forman, Goldfarb and Greenstein'> are among those
who have focused on changes to firm behavior, finding that
these generally lie on a spectrum, with the highest payoffs in
enhanced productivity appearing in the firms that com-

mit most intensively to integration of IT into new business

processes.

Forman and his colleagues distinguish between IT-using and
IT-enhancing firms. The former simply adopt existing In-
ternet applications to make current business processes more
productive. The latter develop and integrate more complex
e-business applications that can enable whole new business
processes and models, such as automated online supply
chain management and online sales into geographically
distant markets. To the extent that the availability and use
of broadband fosters either type of IT adoption and usage
by firms, we would expect productivity improvements and
other associated economic impacts to follow.

Other studies have focused on the effects of IT on individual
workers. IT tends to complement workers that perform
non-routine problem-solving and complex communication
tasks, but substitutes for workers who perform cognitive and
manual tasks that can be accomplished by following explicit
rules. While both effects could be expected to increase
productivity, the overall effect on employment is ambiguous
and would depend on the mix of different types of jobs in
the economy.'¢

While much of the IT productivity literature has focused
on workplace usage, much of the focus of broadband policy
has been on residential deployments. Broadband at home
may of course be used for leisure pursuits, but it can also be
expected to affect the economy both directly and indirectly.

For many knowledge workers, a residential broadband con-
nection is a prerequisite for working at home (enabling pro-
ductive use of non-traditional working hours, flexible work
arrangements, or remote employment), or for establishment
of a home-based business.

Less directly, expanded broadband availability at home may
raise the quality of the labor force, for example through

improved access to educational opportunities via distance
education programs, thus making a locale more attractive
to potential employers. Similarly, home-based access may
improve quality of life, for example by enabling more par-
ticipation in community and civic activities, making a locale

more attractive to potential residents.

Somewhat more directly, home access may enable online
job hunting, thus reducing unemployment by making labor
markets more efficient. It may also make workers more
productive by reducing the overall time needed for them

to fulfill non-work obligations, such as paying bills, shop-
ping, telemedicine, and so forth. As with corporate use of IT,
however, the overall effect of home-based broadband usage
on local economic indicators is also mixed. While online
banking and shopping may make local workers more pro-
ductive, it is also likely to put competitive pressure on local
banks and retail stores, leading to ambiguous effects on the
number of local jobs.

Most of these hypothesized impacts are not measurable
directly. Broadband availability varies by community, but
statistics are not tallied at the community level to measure
local output (GDP) or use of capabilities like e-commerce
and telemedicine. To create hypotheses testable with avail-
able data, we focus instead on how broadband is likely to
change other indicators that describe local economies. They
include:

+ Employment rate, share of high-skilled/high-wage jobs in
the community, wage rates, and rate of self-employment.

+ Wealth, as measured by personal income, housing values,
or rents.

* Quality of the local labor force, as measured by educa-
tional attainment, dropout rates, or share of workforce in
more skilled jobs.

+ Community participation and quality of life as measured
by voting participation, mortality rates, or local prices.

Our ability to test this list of indicators was limited by the
collection frequency for different types of Census data, and
geographic unit limitations for other types of data (for ex-
ample, voting participation is not tallied by zip code).

For most indicators, it is reasonable to expect that broad-
band’s impacts will be felt only after some time lag. Broad-
band has to be not only available, but adopted and then
used. While the expected length of this process may vary
depending on the particular indicator, for most indicators it
is not reasonable to expect to see impacts in the most recent

Measuring Broadband’s Economic Impact 7



decennial (2000) Census data, given that the FCC’s earli-
est measurement of community broadband availability was
taken only at the end of 1999.

This fact limited our ability to test broadband’s impacts at
the zip-code level on workforce-related indicators such as
self-employment, the share of white-collar workers, educa-
tional attainment levels, and per capita expenditures on pub-
lic assistance. We were, however, able to use rent in 2000 as a
wealth indicator, justified because only broadband availabil-
ity (not its actual use) should be sufficient to influence the
value of rental housing, and the effect should be immediate.

Despite these limitations on workforce and societal impacts,
the use of business Census data (for which 2002 was the
most recent available during the time frame of this project)
did allow testing of broadband’s impacts on five key indica-
tors of business activity:

* Total employment.
* Wages.

* Number of business establishments (used as a rough proxy
for number of firms).

* Indicators of industry mix by sector. In particular, we
examine broadband’s effect on the share of business estab-
lishments in IT-intensive industry sectors. This is interest-
ing in its own right because such jobs are about a fifth of
all US jobs, but also as a proxy for the skill level of jobs in
the community.

* Indicators of establishment mix by size (small vs. large).

Methodology

We used econometric regression analysis of two separate
cross-sectional/time-series data sets that we constructed for
the purposes of this study. The first of these consisted of
state-level data, while the second incorporated data at the
zip-code level. In both cases, the essence of the approach
was to compare economic outcome measurements in differ-
ent areas based on when broadband became available in that
area (whether state or zip code), while controlling for other
factors known to affect broadband availability and levels of
local economic activity.

The types of control variables used in the analysis included:

* A time-lagged version of the dependent variable (i.e. the
economic outcome metric being tested), as a way to con-
trol for the secular growth trend;

8 Measuring Broadband’s Economic Impact

* Time-lagged industry composition (the share of firms in
IT-intensive industry sectors) to control for factors other
than broadband that are likely to affect local economic
performance;

* Variables that describe demographic and geographic
characteristics of a community such as educational
attainment, per capita income, and rural vs. urban (see
Table 2); and

e State “dummy variables” included to account for cross-
state differences in regulatory environment.

For further discussion of the dependent and control vari-
ables used in particular regressions, see Appendices II-V.

While the state-level sample provided some interesting op-
tions in selection of variables (e.g. data on penetration of
broadband), it proved too coarse a geographic aggregate to
produce meaningful results. We discuss the state results in
Appendix IV, but our substantive conclusions and empirical
estimates are based on our analysis of the zip-code data set.

The construction of the data sets proceeded by matching
data on economic activity metrics and controls from the
1990s through 2002 with a broadband metric constructed
from the FCC data. For the zip-code analysis, we combined
Census data on business activity from the 1990s through
2002, and community demographics through 2000, with

a broadband availability indicator developed from the
FCC’s publicly available Form 477 data.!” We identify the
communities where broadband was available as those that
report having broadband in the FCC’s Form 477 data for
1999 (Table 3). Since this is the first date for which the FCC

Table 3. Zip Codes with Broadband, December 1999-December 2002.

Broadband Available Number of Share of
by Date Zip Codes Zip Codes
December-1999 17,683 54.44%
June-2000 2,725 8.39%
December-2000 1,970 6.07%
June-2001 2,026 6.24%
December-2001 910 2.80%
June-2002 957 2.95%
December-2002 894 2.75%
No Broadband by 5,316 16.37%
December 2002

Total 32,481 100.00%

Source: the authors, based on data from FCC Form 477 and US
Census Bureau’s Decennial Census and Zip Code Business Patterns



zip-code-level data is available, it includes communities
that have had broadband for a number of years, as well as
communities where broadband had become available only
recently. For example, the relatively high penetration in 2000
in California, Connecticut, Massachusetts and New York
(Table 4) attests to the fact that a number of communities
in these states were early broadband adopters. Communi-
ties that show up in the Form 477 data in later periods are
treated as non-broadband-available communities because
we believe that it takes time for the impact of broadband to
become available and we would not anticipate being able to
see a measurable effect in the 2002 economic data.

Because there is no simple summary statistic with which to
measure total economic activity (total output or GDP) by
community, we examine a collection of economic variables
for which we could reasonably expect to see a measurable

impact of broadband (employment, wages, rent, and indus-
try structure or mix as discussed above). For each category
of variables, we tested three regression approaches:

1. Impact of broadband at the state level. Although we found
these data to be too highly aggregated, and hence, rendered
the results uninformative, we discuss these in Appendix IV
for completeness and to provide a point of reference with

earlier research.

2. Impact of broadband using community (zip-code) level
data with instrumental variables.

3. Extend the community-level analysis with a matched
sample analysis as the means to control for non-broadband,
unobserved effects.

The detailed rationales and methodologies behind each of
these approaches are discussed fully in Appendix III.

Table 4: State Level Penetration of Broadband Lines among Residential and Small Establishments Users 2000-2002.

State 2000 2001 2002 State 2000 2001 2002
Alabama 1.60% 5.95% 10.03% Montana 1.49% 2.67% 4.13%
Alaska 0.20% 16.18% 18.62% Nebraska 6.70% 9.11% 14.98%
Arizona 6.21% 10.26% 15.26% Nevada 5.87% 10.73% 15.81%
Arkansas 2.14% 5.16% 7.79% N.Hampshire 6.87% 10.96% 16.12%
California 8.20% 13.17% 19.96% New Jersey 6.88% 15.00% 12.91%
Colorado 4.70% 8.19% 13.86% New Mexico 2.62% 3.46% 6.30%
Connecticut 7.04% 12.43% 20.04% New York 6.06% 12.77% 21.77%
Delaware 0.68% 6.70% 12.55% N. Carolina 2.26% 8.46% 14.31%
D.C. 5.03% 9.92% 13.71% N. Dakota 1.90% 1.68% 6.18%
Florida 3.33% 10.17% 15.92% Ohio 3.51% 7.47% 12.68%
Georgia 1.98% 9.78% 16.00% Oklahoma 2.73% 6.64% 11.62%
Hawaii * * * Oregon 4.34% 8.59% 15.89%
Idaho 2.39% 2.39% 8.77% Pennsylvania 1.94% 5.84% 9.73%
lllinois 3.60% 6.46% 12.19% Rhode Island 6.29% 13.06% 17.66%
Indiana 0.88% 3.79% 6.46% S. Carolina 2.02% 6.32% 11.00%
lowa 4.27% 6.03% 8.75% S. Dakota 3.20% 2.45% 4.89%
Kansas 5.40% 10.15% 15.62% Tennessee 3.04% 8.00% 12.94%
Kentucky 0.69% 2.59% 4.35% Texas 4.95% 8.81% 14.16%
Louisiana 2.10% 7.71% 12.53% Utah 3.70% 7.94% 13.39%
Maine 3.67% 6.88% 9.71% Vermont 2.27% 6.55% 9.36%
Maryland 1.67% 10.15% 14.84% Virginia 2.68% 8.47% 13.18%
Massachusetts 9.29% 16.24% 21.10% Washington 6.51% 11.43% 16.01%
Michigan 2.73% 8.80% 13.32% West Virginia 0.63% 3.56% 8.38%
Minnesota 4.79% 8.32% 14.33% Wisconsin 2.40% 6.58% 12.80%
Mississippi 0.34% 2.37% 5.96% Wyoming * 2.87% 5.61%
Missouri 3.12% 6.47% 9.30% Total 3.61% 7.91% 12.46%

Source: the authors, based on data from FCC Form 477 and US Census Bureau’s Decennial Census and Zip Code Business Patterns
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Conclusions

The analysis presented in this paper represents a first at-
tempt to measure broadband’s impact by applying con-
trolled econometric techniques to national-scale data. The
results support the view that broadband access does enhance
economic growth and performance, and that the assumed
(and oft-touted) economic impacts of broadband are real
and measurable.

We find that between 1998 and 2002, communities in which
mass-market broadband became available by December
1999 experienced more rapid growth in employment, num-
ber of businesses overall, and businesses in IT-intensive sec-
tors. While the available data does not demonstrate statisti-
cally significant impacts on wages, the effects of broadband
availability by 1999 can also be observed in higher market
rates for rental housing (a proxy for property values) in
2000.

Table 1 summarizes the estimated magnitude of impacts
resulting from the two analyses we conducted at the zip code
level. Both of these analyses control for community-level
factors known to affect both broadband availability and eco-
nomic outcomes, including income, education, and urban
vs. rural character.

Given broadband’s novelty and associated data limitations,
the analysis reported in this study is necessarily prelimi-
nary. Additional data and experience are needed to further
explore the fundamental questions of how broadband affects
the economy. The magnitude of impacts estimated by our
models are larger than we expected. In light of the method-
ological challenges inherent in disentangling causality in any
study of the relationships between infrastructure availability
and economic development, we interpret our results cau-
tiously. Further research is required to more fully address
the causality issue. With this caveat in place, however, our
finding of a positive impact of broadband is encouraging,
and consistent with the qualitative stories told by broadband
advocates.

The analysis presented in this study could be beneficially ex-
tended in several ways. One approach would be to use firm-
level data to take a more micro-level view of broadband’s
impacts on the conduct of business within and between
enterprises. This approach could be especially valuable for
gaining a deeper understanding of broadband’s impact on
the size of firms and its relation to the growth of particular
industry sectors.

Progression to this type of study in the case of broadband
would parallel the development of studies on the so-called
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productivity paradox of IT. In that literature, studies within
the firm added valuable insight into factors that interacted
with each other to produce economic impact from com-
puterization. Similar results could be expected in a study of
broadband’s impact since, like computers in general, we do
not expect broadband to act in isolation to enhance produc-
tivity, but rather to act as part of a constellation of factors
including related information technologies, innovative busi-
ness practices, and more flexible organizational structures.
The present study is relatively crude in attempting to relate
broadband availability directly to economic performance.
Futures studies could examine more intervening variables and
concomitant investments to better characterize the firms and
individuals who adopt broadband and realize its benefits.

Ultimately, the case for broadband as a cause of positive
economic outcomes will rely on the accumulated results of
many studies conducted using a variety of approaches. The
passage of time will make more and different forms of data
available, enabling the application of additional rigorous
methodological approaches to the estimation of broadband’s
impact. New business census data will become available
annually, and data in the next decennial census (2010) will
make it feasible to look at broadband’s impact on work-
force-related indicators such as self-employment and the
share of white-collar workers. The spread of broadband
(and related data collection) in more countries will make
cross-national impact studies more feasible over time. In
addition, recent enhancements in the broadband availability
data collected by the FCC through Form 477 will eventually
make it possible to test for variations in impact based on
different levels of broadband (e.g. “big” broadband such as
fiber-to-the-home vs. “little” broadband such as DSL) sup-

plied in any given area.'®

The present study has several clear implications for eco-
nomic development practitioners. The most obvious and
important implication is that broadband does matter to the
economy. Practitioners who have been spending their time
or money promoting broadband should take comfort that
their efforts and investments are not in vain.

Many significant public policy reforms and programs are in
place or under consideration at the federal, state, and local
levels to ensure competitive availability of broadband to all
U.S. citizens, stimulate ongoing investment in broadband
infrastructure, and facilitate the education and training that
small business and residential customers need to make effec-
tive use of broadband’s capabilities. Such policies are indeed
aimed at important goals. Broadband is clearly related to



economic well-being and is thus a critical component of our

national communications infrastructure.

Local policymakers in particular may wish to understand
whether the economic advantages conferred by broadband
are temporary (i.e. growth in the early have communities
came at the expense of the early have nots) or longer-lasting
(i.e. broadband stimulated growth of the overall economic
pie). If the advantages are temporary, then the benefits to be
gained from local public investments to speed broadband
availability will be muted once neighboring communities
catch up.

On the other hand, if broadband affects the base growth
rate of the local economy, then the benefits from getting it
sooner will continue to compound into the future. Because
the present study only looks at one time period, it cannot
address this important question directly. The results of our
study can be seen as consistent with either hypothesis. Once
broadband is available to most of the country, differences
in economic outcomes are likely to depend more on how
broadband is used than on its basic availability.

The implication for economic development professionals

is that a portfolio of broadband-related policy interven-
tions that is reasonably balanced (i.e., also pays attention to
demand-side issues such as training) is more likely to lead to
positive economic outcomes than a single-minded focus on
availability.

Finally, the present study highlights the fundamental role
that government data plays in shaping our understanding
of how communications technologies and policies relate to
national economic performance. As discussed above, public
data about broadband focuses primarily on the supply side
(availability), especially at the local level. Economic perfor-
mance, however, also depends on demand-side factors such
as broadband adoption and use. Such factors are of course

competitively sensitive.

Given how important broadband appears to be to the econo-
my, however, the time has come for policy makers to engage
in a dialogue with industry and develop reasonable ways to
measure more of the broadband indicators that matter.
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its development, as discussed in Parr (1973), North (1975), and
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offered. By removing the 250 lines threshold that previously
exempted small-scale carriers from providing information, this
change will address one of the two reporting issues that led to
particularly unreliable data in rural areas, as discussed above.
Further information about the revised reporting requirements is
available at http://hraunfoss.fcc.gov/edocs_public/attachmatch/
DOC-254115A1.pdf, http://www.fcc.gov/broadband/data.html, and
http://www.fcc.gov/formpage.html#477.



Appendix I: Author Biographies

This appendix provides brief biographies of the report’s
authors.

WILLIAM LEHR (wlehr@mit.edu) is a Research Associate
at the Massachusetts Institute of Technology (MIT) where
he participates in the multidisciplinary research of the MIT
Communications Futures Program (http://cfp.mit.edu). Dr.
Lehr’s research focuses on the economics of the Internet
infrastructure industry, in particular the interrelationship
between the evolution of Internet technology and industry
structure, public policy, and competitive strategy. In recent
years, he has focused on developments in last-mile access
networks, including wired and wireless broadband. He is

a frequent speaker at international conferences on tele-
communications policy and business, teaches courses on
eCommerce, Internet economics, and telecommunications
economics and policy, and publishes regularly on matters
related to his research. Over the past 15 years, he has been an
active participant in the research program of the Columbia
Institute of Tele-Information at Columbia University and

in the Research Program on Internet and Telecoms Con-
vergence at MIT. In addition, Dr. Lehr provides consulting
services to private and government policymakers in the
United States and abroad on matters related to the ICT in-
dustries. Dr. Lehr holds a PhD in Economics from Stanford
(1992), an MBA from the Wharton Graduate School (1985),
and MSE (1984), BS (1979) and BA (1979) degrees from the
University of Pennsylvania.

SHARON EISNER GILLETT (sharoneg@mit.edu) is a
Principal Research Associate at the Massachusetts Institute
of Technology (MIT) and co-chair of the Broadband Work-
ing Group of MIT’s Communications Futures Program.

Her research and industry outreach work focuses on how
emerging technologies, public policies, and business impera-
tives interact in broadband access networks, both wired and
wireless. Sharon teaches courses at MIT and Cambridge
(UK) on communications policy, and has published numer-
ous articles, most recently focusing on municipal broadband
and economic impact. Her previous experience includes
software development and project management in computer
networking at Bolt, Beranek & Newman, Inc. and at Think-
ing Machines Corporation. She received her MBA and MS
in Technology and Policy from MIT (1995), and her AB in
Physics from Harvard (1982).

MARVIN SIRBU (sirbu@cmu.edu) is a Professor of Engi-
neering and Public Policy, Industrial Administration, and
Electrical and Computer Engineering at Carnegie Mellon
University (CMU). Professor Sirbu's interests are in tele-
communications and information technology, policy and
management. His work is concerned with how new com-
munications technology impacts both public regulation and
corporate decision making, and conversely how public policy
influences the development of new information technolo-
gies. In 1989 he founded the Information Networking
Institute at CMU, which is concerned with interdisciplinary
research and education at the intersection of telecommuni-
cations, computing, business and policy studies.

For more than 20 years, Professor Sirbu has conducted in-
depth studies of the economics of local access technologies
and their competitive impact, including cable, wireless, DSL
and fiber to the user. This work has been funded variously
by Verizon, Bellcore, General Instruments, and the MIT ITC
consortium of companies.

Dr. Sirbu has served on the boards of the Telecommunications
Policy Research Conference and two telecommunications
companies, and as a member of the FCC Technological
Advisory Committee where he chaired the subcommittee

on local access. He has also served on numerous panels for

the National Research Council and the Office of Technology
Assessment.

Dr. Sirbu received an Sc.D. in Electrical Engineering
(1973), an S.M. in Electrical Engineering (1968), an S.B. in
Mathematics (1967), and an S.B. in Electrical Engineering
(1966) from the Massachusetts Institute of Technology.

CARLOS OSORIO (cosorio@mit.edu) is a Doctoral
Candidate in Engineering Systems at the Massachusetts
Institute of Technology (MIT) and a graduate research
assistant with MIT’s Communications Futures Program.
His research focuses on technology and productivity, with
special emphasis on broadband deployment and effects
from the architectural evolution of engineering systems.
He holds a M.Sc. in Technology and Policy from MIT, a
Master in Public Policy from Harvard University, and a B.Sc.
in Industrial Engineering and Engineer Degree from the
University of Chile.

Measuring Broadband’s Economic Impact 13



Appendix II: Data Limitations

This appendix discusses in more detail the limitations of the
data sets used for the analysis: the FCC’s data on broadband
deployment, and Census data on economic activity in busi-
nesses (Zip Code Business Patterns) and households (Decen-
nial Census). We also discuss the measure of penetration
used for the state-level regressions. The appendix concludes
with a discussion of the issues raised by the need to match
observations across these different sources of data.

FCC Data on Broadband Deployment

A key component of our analysis is data on the availability of
broadband services. Ideally, we would have liked to have had
time-series data on the use of broadband, rather than just its
availability. Unfortunately, the best publicly available data is
from the FCC which has published data on broadband avail-
ability every six month, by zip code, starting in December
1999. This data is collected by the FCC via Form 477 and is
available from the FCC’s website (http://www.fcc.gov). After
considering various options for using this data, we elected to
code communities as either "having broadband" or "not hav-
ing broadband" based on whether broadband was available
in the community as of December 1999. There were several
reasons for why we did this:

 Timing of initial data collection: The first available data
collection reports broadband availability by December
1999. By this time, however, the FCC reported that 59% of
U.S. zip codes already had at least one broadband provider.
While we know that few communities had broadband be-
fore December 1996, we do not observe when broadband
became available in particular communities between 1996
and 1999. Thus much of the timing variability that was
present in the actual broadband rollout is not available in
the data.

* Non-monotonic broadband availability: Given that
broadband’s economic impacts are likely to manifest
themselves over time, it is important to be able to assume
that broadband, once available, stays in place. However,
we discovered several thousand zip codes in which broad-
band appeared to come and go over time. After discussing
this issue with FCC staffers involved in the data collection,
we concluded this effect was most likely noise in the data
caused by oscillation above and below reporting thresh-
olds, and by addition of new zip codes over time. We
also observed that use of only December data collections
produced a more stable data set, and it was therefore a rea-
sonable approximation to assume that broadband actually
stayed in place once it appeared in a December data set.
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The observation that June data appeared more noisy was
consistent with our discussions with FCC staffers.

In addition, several other well-known limitations of the FCC
data are also relevant to our analysis. First, the sampling
methods produce particular inaccuracies of uncertain over-
all direction in rural areas:

* Reporting Thresholds: Prior to the June 2005 data col-
lection, only providers with more than 250 lines in a state
were required to report to the FCC. Thus, the data used
in this study may systematically underestimate broadband
availability in the predominantly rural states covered by
smaller independent LECs or cable franchisees, whose
total subscription base could fall below this threshold.

Larger Zip Codes in Rural Areas: On the other hand, the
FCC’s data may also systematically overstate the availabili-
ty of broadband in rural areas. Aslong as a provider mails
a bill to one customer in a zip code, the entire zip code is
presumed to have broadband available. Because rural zip
codes are on average larger than urban ones, the inaccu-
racy of this assumption is likely to be more pronounced in
rural areas.

Second, penetration data is limited to the state level. At the
zip code level, FCC reports only the number of providers
(availability), and not number of lines (adoption). Al-
though broadband availability might adequately explain
rapid changes in economic variables like rent, penetration
would be a more accurate explanatory variable for most
outcomes that depend on actual use of broadband. Thus,
the FCC data provides only a crude proxy for analyzing the
economic effects of broadband at the zip code level.

Finally, the zip code definitions used by the FCC posed
challenges. Comparison of economic outcomes in zip codes
with and without broadband requires a list of zip codes of
both types. However, the FCC only makes available the list
of zip codes with broadband. Researchers working with this
data are left to infer the list of zip codes without broadband,
by comparing the FCC’s list of zip codes with broadband
against other sources for the list of all zip codes in the U.S.
(i.e., the zip code “universe”).

Prior to this study, other researchers had observed inconsis-
tencies between the FCC’s reports of the percentage of zip
codes with broadband (which imply a size for the zip code
universe), and the larger size of the universe of zip codes
listed by the U.S. Postal Service.! Investigating this incon-
sistency further with the assistance of FCC staffers involved
in the Form 477 data collection, we learned that the FCC’s
zip-code universe is based on a proprietary set of zip-code



definitions that is built into the commercial mapping soft-
ware used by the FCC. These definitions are known as GDT
format, after Geographic Data Technology, Inc., a firm that
was later acquired by TeleAtlas.

Further consultation with the FCC confirmed that their use
of GDT format also explained the inclusion of zip codes in
their data that otherwise appeared anomalous. Most zip
codes in the U.S. are what is called “non-unique” i.e. they
represent areas of land where people live and businesses are
located. “Unique” zip codes, on the other hand, typically
represent a single office building or corporate campus, and
may be physically enclosed within a surrounding non-
unique zip code (in which case both zip codes should not be
reported). Some zip codes are also assigned only to post-of-
fice boxes, and these would not be meaningful in describing
whether broadband is available in a particular physical area.
When we used government sources for the zip code universe,
it appeared that the FCC had applied inconsistent rules
regarding whether to include these special types of zip codes
in their list. This apparent inconsistency arose, however,
because the government sources define the type of some zip
codes differently from GDT.

The construction of the zip code universe for this study is
discussed further below, after discussion of the other data
sources that had to be matched to create the final database

for analysis.

Zip Code Business Patterns (ZCBP)

For measurements of business activity, we used the annual
Zip Code Business Patterns database provided by the U.S.
Census. When this study was conducted in 2004-5, the most
recent ZCBP data available was for 2002, limiting our ability
to observe broadband’s impact over a longer time period.

Another limitation involved in the use of this source was

its change of classification scheme for identifying industry
sectors. Data prior to 1998 is classified according to Standard
Industrial Classification (SIC) codes, while later data uses
North American Industry Classification System (NAICS)
codes. Thus, data prior to 1998 that relies on industry clas-
sification is not directly comparable to later data. Specifically,
this limited the controls available for the regression analysis
about the effect of broadband on IT-intensive establishments.

Finally, the ZCBP data provides counts of establishments by
size category for each NAICS category included and for each
zip code. This does not allow one to distinguish between
firms with one establishment and firms with two or more
branches. Therefore, the data does not allow one to directly

measure changes in the number of firms associated with the
availability of broadband. An observation that broadband
communities have a greater number of small establishments
could mean that there are a larger number of small firms or
more branch offices for the same number of larger firms.

Decennial Census (DC)

The household census provided the data necessary to
construct socio-economic control variables. Potentially, it
could also be used to develop metrics for testing a rich set of
hypotheses regarding broadband’s socio-economic impacts,
such as its effects on commuting time, self-employment, or
white-collar employment. However, this data is only col-
lected every 10 years, and the most recent data collection was
in 2000. Therefore, for most variables of interest, there was
not enough lag time after the first reported broadband avail-
ability (1999) to expect to see impacts in these data.

Furthermore, in the selection of appropriate metrics of
economic activity or controls for cross-community hetero-
geneity, it should be noted that many variables are corre-
lated. Thus, communities with high per capita income also
typically have high rates of educational attainment.

Matching Across Data Sources

Creation of the database for regression analysis required
matching across the three sources of data discussed above,
such that each observation in the database was not missing
data for any of the variables included. The bottom half of
Figure A.1 illustrates the process that resulted in our sample
of 22,390 U.S. zip codes overall.

The most complex aspect of this matching had to do with
the zip-code universe issue. As noted above, the FCC relies
on GDT zip code boundaries to define their universe. The
business patterns data, in contrast, relies on the U.S. Postal
Service’s apparently larger universe of zip codes, while the
Census Bureau uses its own coding of areas, known as Zip
Code Tabulation Areas (ZCTAs), to report the household
data. ZCTAs are approximately, but not exactly, the same as
USPS zip codes. Given that they are used for a household
census, ZCTAs leave out areas where people don’t live, such
as unique and post-office only zip codes.

After consulting with the FCC and Census Bureau, we
concluded that for our analysis, the best "universe" of zip
codes was provided by the ZCTA coding. First, all data for
socio-economic independent and control variables from the
2000 and 1990 Decennial Census was available by ZCTAs,
as aggregated by the US Census Bureau.” Second, according
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. USPS 2000 2000 Decennial | | 2000 Zip Code Dec 99 FCC
Zip Code | census Zip Census Business Zip Code
Sources | Code File (ZCTAs) Patterns

N=42,198 N=33,633 N=40,005 N=17,889
USPS file ZCTAs: US Self reported
Zip Code contains original Census’ codes S;Eg?:;ﬁgs by proaders,
Definition  and largest zip matching USPS (using USPS adjusted by
code universe zip code Zip Codes) FCC using
(used for control) boundaries GDT file
No. Zip Codes % Cumulative
Complete record 22,390 68.93% 68.93%
State is missing 11 0.03% 68.97%
Rent and/or labor data is missing 256 0.79% 69.75%
Salary of wage is missing 2,199 6.77% 76.52%
College Education data is missing 525 1.62% 78.14%
IT establishment data is missing 5,431 16.72% 94.86%
Population data is missing 747 2.30% 97.16%
Other data (small firms, urban, etc.) is missing 922 2.84% 100.00%
Sub Total 32,481 100.00
(State is DC or Puerto Rico 166 )
Total 32,325

Figure A1: Process of Matching Across Data Sources

to communications with US Census officials, the differences
in boundary definition between using ZCTAs and USPS

zip codes were insignificant for the purpose of econometric
analysis at the zip code level.

In the matching, there were a number of zip codes that were
dropped for the following reasons:

« Zip Code Tabulation Areas (ZCTAs): 1,152 ZCTAs were
dropped because they corresponded to places with no land
(781), no population (111)% or no match to 5-digit USPS
Zip Codes (260). The last cases represented a population
of 43,957 inhabitants.

+ 2000 Zip Code Business Patterns: There were 7,524 zip
codes that could not be matched either to ZCTA zip codes
or to the FCC "broadband available" zip codes. These
codes corresponded to PO Boxes and unique zip codes
which could not be matched to ZCTAs.

After merging the zip code data sets, we obtained a database
of 32,481 entries (See figure Al). We employed the USPS Zip
Code database used by the US Census Bureau for the 2000
Decennial Census —USPS 2000 Census File- for the purpose
of having a control for the universe of zip codes in 2000. In
order to maintain homogeneity on the sample, we dropped
an additional 156 zip codes corresponding to the District

of Columbia and Puerto Rico, obtaining a final sample of
32,325 zip codes.

Finally, we dropped zip code observations with incomplete
data (as shown in figure A1), resulting in a sub-sample
with 22,390 observations. Table A1 compares the summary
statistics of this sub-sample against the full sample for each
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variable used in the zip code analysis. Because most sum-
mary statistics did not differ substantially for the full and
sub-samples, we simplify the analysis by using the consistent
sub-sample of zip codes throughout. One important area

of difference: many of the zip codes dropped did not have
broadband in 1999, so that our sub-sample has a significantly
higher percentage of zip codes with broadband than the total
sample (67% vs. 54%). An alternative approach would have
been to run each regression with the largest sample for which
all data was available for that particular regression. When we
did this, the results were not significantly different from the
consistent sub-sample. Reporting only on the latter simpli-
fies interpretation of results across the various regressions.

For purposes of comparison, Table A2 reports the sum-
mary statistics for the state-level data set we constructed. As
discussed in detail in Appendix IV, however, we do not base
any of our substantive conclusions on the state-level analysis
because it proved too coarse a level of geographic aggrega-
tion to produce meaningful results.

Endnotes

! See Flamm, K. “The Role of Economics, Demographics, and
State Policy in Broadband Competition: An Exploratory Study,”
Telecommunications Policy Research Conference, Arlington, VA,
October 2, 2004.

2 For 1990 Census data by ZCTA see GeoLytics (2002) "CensusCD.
1990 long form in 2000 boundaries" E. Brunswick, NJ

? 70 of these correspond to 3-digit+”XX” ZCTAs representing large
undeveloped areas, and 41 to 3-digit+"HH” ZCTAs representing
areas covered at least partially by water.



Table A1: Summary Statistics for Variables Used in Zip Code Level Analysis

Sub-
Full Sample Sample
(N=22,390)
. Mean Mean .
Category Variable Obs (Std. Dev) (Std. Dev) Description Source
6.167 6.218 . . US Census, 2000 Decennial
InRent2K 30,659 (0.373) (0.351) Median Housing Rent, 2000 (Ln) Census
LnrSalar 27 491 0.066 0.068 | Ratio of Average Salaries of US Census, 2002 and 1998
y ’ (0.199) (0.160) | 2002/1998 (Ln) ZCBP
0.233 0.226 | Share of Establishments in IT-
Dependent | "o 2 27,659 (0.112) (0.090) | Intensive Sectors, 2002 US Census, 2002 ZCBP
Variables nrEmolo 06.877 0.047 0.038 | Ratio of Employment , 2002/1998 | US Census, 2002 and 1998
P ’ (0.389) (0.316) | (Ln) ZCBP
0.802 0.790 | Share of Establishments with less
psm02 31,405 (0.131) (0.098) | than 10 Employees, 2002 US Census, 2002 ZCBP
InrEst 31210 0.047 0.045 | Ratio of Establishments 2002/ US Census, 2002 and 1998
’ (0.273) (0.171) | 1998 (Ln) ZCBP
=1 if Zip Code had at least 1
Broadband | BB99 32,325 (00459‘::; (00;167701) :’ggdba”d line by December FCC, Form 477 Database
=0 otherwise
0.542 0.620 =1 if Zip Code in Urban Area USDA, Economic Research
dUrban 32,325 (0.498) (0.485) | (UIC=1,2,3), O=otherwise Service
0.325 0.387 | Growth Rate in the Number of US Census, 1994 and 1998
gEmp9498 | 27,348 (5.525) (6.072) | Employees 1994 — 1998 ZCBP
7986 8.822 Growth Rate in the Number of US Census, 2000 Decennial
grColl90s 30,359 (80 '522) (80 .180) People (25+) with College Degree | Census; Geolytics, 1990
' ' or Higher,1990 — 2000 Decennial Census
0.197 0.148 | Growth Rate in the Number of US Census, 1994 and 1998
grEsto498 30,786 (3.119) (1.195) | Establishments, 1994 — 1998 ZCBP
. ) . US Census, 2000 Decennial
0.762 0.867 | Growth Rate in Median Family PN ;
grFInc90s 31,579 (44.808) (53.213) | Income, 1990 — 2000 Census: Geolytics, 1990
Decennial Census
. US Census, 2000 Decennial
4.997 5.026 | Growth of the Civilian Employed PN .
Control grLabor90s 31,579 (63.978) (66.064) | Labor Force, 1990 — 2000 Censusz Geolytics, 1990
Variables Decennial Census
Growth Rate of Share of
grpIT9800 26,954 (00'207‘;; (00'2‘1%? Establishment in IT-Intensive LZJCS:;PE’”S“S’ 1998 and 2000
' ' Sectors, 1998 — 2000
0.202 0.191 | Growth Rate of Average Salary, US Census, 1994 and 1998
grSalary9498 | 26,203 (0.378) (0.319) | 1994 — 1998 ZCBP
5.838 5.902 ; ) Geolytics, 1990 Decennial
InRent90 31,528 (0.443) (0.414) Median Housing Rent, 1990 (Ln) Census
colleqe2K 31.181 18.511 19.697 | Share of Population (25+) with US Census, 2000 Decennial
peolleg ’ (13.622) (13.662) | College Degree or Higher, 2000 Census
0.227 0.219 | Share of Establishments in IT-
pITo8 27,441 (0.110) (0.088) | Intensive Sectors, 1998 US Census, 1998 ZCBP
0.804 0.792 | Share of Establishments with
psm98 31,436 (0.131) (0.097) | fewer than 10 Employees, 1998 US Census, 1998 ZCBP
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Table A2: Summary Statistics for Variables Used at State Level Analysis

Mean
Category Variable Description Source
(Std. Dev)
LnRent00 (06'137115) Median Housing Rent, 2000 (Ln) US Census, 2000 Decennial Census
InrSalary (006113;32) Ratio of Average Salaries of 2002/1998 (Ln) | US Census, 2002 and 1998 ZCBP
0.268 | Share of Establishments in IT-Intensive
Dependent ptotITO2 (0.024) | Sectors, 2002 US Census, 2002 ZCBP
Variables ; i
0.738 | Share of Establishments with fewer than 10
psmall02 (0.021) | Employees, 2002 US Census, 2002 ZCBP
LnrEmplo (006%37? Ratio of Employment 2002/1998 (Ln) US Census, 2002 and 1998 ZCBP
InrEst (006%32‘; Ratio of # Establishments 2002/1998 (Ln) US Census, 2002 and 1998 ZCBP
BBAvailHU99 0.864 | % of Housing Units located in zip codes with | FCC, Form 477 Database; US Census,
(0.106) | available broadband by December 1999 2000 Decennial Census
No. lines for residential and small firms,
Broadband BBPen00 0.035 | divided by total number of housing units and FCC, Form 477 Database; US Census,
(0.022) | business establishments with fewer than 10 2000 Decennial Census, 2000 ZCBP
employees
0.002 FCC, Form 477 Database; US Census,
SqBBPen00 (0.002) | Squared term of BBPen00 2000 Decennial Census, 2000 ZCBP
0.125 | Growth Rate in the Number of Employees
gEmp9498 (0.044) | 1994 — 1998 US Census, 1994 and 1998 ZCBP
rcolleqe90s 0.387 | Growth Rate in the Number of People (25+) US Census, 2000 Decennial Census;
¢ 9 (0.137) | with College Degree or Higher 1990 — 2000 Geolytics, 1990 Decennial Census
23.765 | Share of Population (25+) with College .
pcollege2K (4.347) | Degree or Higher, 2000 US Census, 2000 Decennial Census
0.074 | Growth Rate in the Number of
grEst9498 (0.043) | Establishments 1994 — 1998 US Census, 1994 and 1998 ZCBP
rFaminc0s 0.401 | Growth Rate in Median Family Income US Census, 2000 Decennial Census;
¢ (0.070) | 1990 — 2000 Geolytics, 1990 Decennial Census
rLabor90s 0.147 | Growth of the Civilian Employed Labor Force | US Census, 2000 Decennial Census;
g (0.109) | 1990 — 2000 Geolytics, 1990 Decennial Census
Independent 0.006 | Growth Rate of Share of Establishment in IT
Variables grpIT9800 (0.010) | Intensive Sectors 1998 — 2000 US Census, 1998 and 2000 ZCBP
grSalary9498 (00(')13797) Growth Rate on Average Salary 1994 — 1998 | US Census, 1994 and 1998 ZCBP
LnRent90 (06'203% Median Housing Rent, 1990 (Ln) Geolytics, 1990 Decennial Census
0.742 | Share of Establishments with less than 10
psmall9o8 (0.021) | Employees, 1998 US Census, 1998 ZCBP
0.258 | Share of Establishments in IT-Intensive
ptotIT98 (0.023) | Sectors, 1998 US Census, 1998 ZCBP
pUrbHousing00 (00%75%? Share of Urban Housing Units 2000 US Census, 2000 Decennial Census
pUrbPop00 (00%7415; Share of Urban Population 2000 US Census, 2000 Decennial Census
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Appendix Ill: Econometric Methods

This appendix describes the estimating equations used in
our regression analysis.

As noted in Appendix II: Data Issues, we expect that for
broadband to show an impact on most measures of econom-
ic activity, it needs to be used. However, at the zip code level
we can only observe broadband’s availability, not its use.

Several earlier studies of I'T’s impact have looked at state-
level data.! To provide a point of comparison with these
studies, and because broadband penetration estimates are
available at the state level, we conducted regression analysis
on the state-sample database. However, we expected that
state-level data would be too aggregated to meaningfully
measure the local impact of broadband, because the "within-
state" variation in broadband availability and adoption is
greater than the "between-state" variation. The results con-
firmed our assumption that to be meaningful, analysis needs
to be completed on a less geographically aggregated basis.

Therefore, the focus of our analysis of broadband's econom-
ic impact used zip-code level data. This analysis was imple-
mented using two complementary econometric approaches:
instrumental variables and matched-sample. In the first, we
use independent control variables measuring cross-commu-
nity differences other than broadband availability to explain
variation in the dependent-variable measures of economic
activity (e.g., controls included such things as employment
growth during earlier periods or the share of firms in IT-
intensive industries before the impact of broadband). In the
second, we use a statistical procedure to construct a matched
sample of communities with and without broadband — that
is, communities that are similar with respect to the controls
included. These approaches are discussed further below.

Our zip code regressions generally take the form:
Y(t)=a+aY(0)+ Xp+yBB+e (Eql)

where,

* Y(.) is the economic variable of interest, for example, the
share of establishments in IT intensive industries.

e X are control regressors for differences in community
characteristics of the different zip codes

* BB=1if community had Broadband in 1999 and 0 otherwise;
and

® e are error terms.

Typically, Y(0) corresponds to 1998, prior to the known
availability of broadband, and Y(t) is measured in 2002, the
latest year for which we have data from the Business Patterns

survey.

Since we are controlling for Y(0), we interpret y as the im-
pact of BB on the level of change in dependent variable Y(.)
over the interval [0,t].

Zip codes vary widely in size, population, and other eco-
nomic characteristics. Under these circumstances treating
the impact of broadband as fixed additive amount may not
be realistic. Treating the impact as a multiplier may make
more sense, thus reducing the problem of heteroskedasticity.
Accordingly, we may use y(.) = In Y(.) in place of Y(.). This
is consistent with the following structural model:

Y(t)=AY(0)%e" (Eq2)
where
r=r*+yBB+ Xp + e (Eq3)

and e are distributed log-normally and t is defined by con-
struction so that t=1 corresponds to 4 years after t=0.

Strictly speaking, if we view r as a growth rate, then we
would expect A=1 and a=1. We can force a=1 by trans-
forming our dependent variable to

In(Y(t)/Y(0)) = g(t) = a + Xp+yBB+e (Eq4)

where a=lnA+r* = r* if A=1.

When using equation 4, y is interpreted as an increment
to the growth rate of the dependent variable due to the
availability of broadband.

As explained in the main text, we consider the impact of
broadband on 6 different economic variables. Where the
dependent variable is measured as a share (share of small
establishments, share of establishments in IT-intensive
industries) we use the specification in equation 1. For
salaries, employment and number of establishments, we
use g(t) = In(Y(t)/Y(0)) as the dependent variable as in
equation 4. For median rents, we use a specification based
on equation 2. We do this because the unconstrained value
of o that we estimate is far from equal to 1 and so it did not
seem appropriate to force it to be =1 as in equation 4.

At the state level, we have data on the actual number

of broadband lines in use. We normalize this data to a
penetration rate by dividing the number of residential

and small business lines by the number of households and
small businesses in the state. Across the states, penetration
varies from near zero to as high as 22% by 2002. Because
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broadband will be adopted within a state first by those

who get the greatest benefit, and we expect later adopters
within a state will realize a lesser benefit, we do not expect
our dependent variables to be linearly related to statewide
broadband penetration. Consequently, for the state level
regressions, we modified our equations to incorporate both
linear and quadratic terms for the impact of broadband

penetration.

We know from the studies of Flamm (2004), Grubesic
(2004), Prieger (2003), Gabel and Huang (2003), Gabel
and Kwan (2000), and Gillett and Lehr (1999) that the
decision by providers to deploy broadband is not unrelated
to economic characteristics of the community, such as
income and population density. As a result, if we look
solely for an association between broadband availability
and our economic variables, it may be hard to distinguish
the direction of causality. In each equation, we introduce
control variables in an attempt to separate the effects of
broadband from the a priori economic characteristics of the
community (zip code).

We are limited in the kinds of controls we can use by the
availability of data at a zip code level over the relevant time
periods. However, we have, for each equation we have
estimated, identified a number of controls which improve
our confidence in our estimates. We use the same controls
in the regressions at the zip code level and the state level with
one difference: at the zip code level we also include state
dummies to account for fixed effects by state.

When analyzing data at the zip code level there is an
alternative approach to the issue of controls and direction

of causality when looking for the impact of broadband.
Within our sample, a majority of zip codes had broadband
available in 1999. These zip codes are on average in higher
density, more urban areas, with greater proportions of
college graduates, and higher growth rates in income and
labor force. If we see differences in economic growth in
communities with and without broadband, how do we know
it is because of the lack of broadband, and not some other
characteristic of the communities? We could try and take
the (minority) set of zip codes that did not have broadband
in 1999 and match them, using key economic characteristics,
to a subset of the communities which did have broadband

in 1999 in order to identify, insofar as possible, a

“matched” sample. Then, if our dependent variable varies
systematically between the two groups, we can infer that it
must be due to the presence or absence of broadband.
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Stata's NNMATCH function provides a method for selecting
a control group to compare with a treatment group using

a series of independent variables. It tries to identify a
control group which has the same mean and variance across
the independent variables as the treatment group—i.e. is
statistically similar (Abadie et al. 2004). This is done by using
nearest neighbor matching across these variables. In the case
of our paper, we have used 1-tol matching, which means
the program has matched each control observation to the
closest observation in the treatment group.” The function
then estimates the average treatment effect on a dependent
variable of being in one or the other group. In our analysis,
we have assumed heteroskedastic standard errors, and used
the robust option of nnmatch.

In some cases, it is not possible to find a control group
which matches on all the characteristics of the treatment
group. For example, if all the zip codes without broadband
were rural, and only a small fraction of the zip codes with
broadband were rural, it might not be possible to find a
comparable number of rural zip codes among the “haves”
group to match as a control with the non-broadband group.
Thus, on a statistical measure such as degree of urbanness,
the treatment group and the control group would not be
truly similar along that dimension. Notwithstanding these
difficulties, for each of our dependent variables, in addition
to the regressions, we have used nnmatch to estimate
whether broadband has a significant impact at the zip code
level. Care should be taken in interpreting the results where
the samples are not well matched.

Endnotes

! Daveri and Mascotto (2002) study the effect of computer
diffusion at home and work on the growth rate of gross state
product (GSP) per employed population. They conclude that, while
there is an affect at aggregate level, most of the impact comes from
states where the contribution to GSP of IT-producing and non-IT
manufacturing sectors is above the US average. When these states
are excluded from the sample, the authors find no evidence of an
impact of IT on productivity acceleration.

2 In most datasets, we find the treatment group to be smaller than
the universe without the treatment, so the matching is done with
respect to the smaller group. In this case, however, the set of zip
codes without broadband was smalle