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In this paper we analyze the economic impact of broadband deployment on consumer welfare, job
creation, and economic output. This study represents an update of prior studies conducted in 2001 and in 2003,
in which we made several projections based on the best available data at the time. We begin by comparing those
predictions against the actual U.S. broadband experience during the past decade. As it turns out, many of our
predictions concerning economic welfare and employment/output effects were conservative because we could
not envision the myriad applications made possible by broadband connections; nor could we envision the rate at
which broadband access prices would fall. In a largely deregulatory climate, broadband penetration skyrocketed
to nearly 65 percent penetration by the end of the decade as absolute and quality-adjusted prices fell, and first-
generation technologies—cable modem, DSL, and 3G wireless—individually covered approximately 90 percent
of all U.S. households and collectively covered even more. In the second part of the paper, we analyze how much
additional investment will naturally occur to wire the country with next-generation technologies. That new
investment will expand domestic output and it will create new jobs. We also estimate the output and job effects
under an alternative scenario in which next-generation deployment is accelerated and is expanded in scope.
Recognizing our limited ability to conceptualize next-generation applications, we attempt to estimate the
spillover effect of next-generation technologies on other sectors of the economy. Finally, we briefly assess various
policy options facing regulators. Given the amount of investment that continues to be deployed in this sector and
the precarious current state of the U.S. economy, and given the linkage between that investment and
jobs/output, regulators must diligently avoid taking any steps that might undermine the industry’s incentives to

invest.
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I. INTRODUCTION AND EXECUTIVE SUMMARY

Investments in information and communications technology have contributed
massively to the growth in the U.S. economy and, as a result, to consumer welfare over the
last two decades. When the economy is expanding, policymakers should be concerned
about improvements in productivity and increases consumer welfare in both the short and
long term. When the economy is contracting, as it did in 2008 and in the beginning of 2009,
policymakers should also be concerned about stimulating demand and creating jobs. There
is perhaps no better way to create jobs than to stimulate investment. Given the massive
investment that has been made to wire the U.S. economy with first-generation broadband
access technologies, and given the significant investment now planned by carriers to
upgrade that infrastructure to second-generation access technologies, policymakers must
be careful to avoid new regulations that would make such investments unattractive.

Although economies of scale inherent in communications markets will necessarily
limit the number of facilities-based broadband service providers (“BSPs”), the performance
of the broadband service industry suggests that competition is very intense. The prices for
broadband services have declined rapidly over the past decade,® and the percentage of

homes with a broadband connection has expanded greatly—by the end of 2009, nearly 65

3. See, e.g, Comments of Robert W. Hahn, NBP Public Notice # 13, Nov. 19, 2009 (showing that the price
of Verizon’s lowest-speed DSL offering declined by 81 percent from 2001 to 2008); International
Telecommunications Union, Measuring the Information Society: The ICT Development Index, 2009, at 65-66,
available at http://www.itu.int/ITU-D /ict/publications/idi/2009 /material/IDI2009 w5.pdf (finding that the
United States is the most affordable on a currency-exchange-rate basis, and fourth most affordable on a PPP
basis); OECD, Broadband Growth and Policies in OECD Countries (2008), Figure 1.14 (finding that the low end
of U.S. broadband prices in 2007 ranked fifth in a 30-country survey of prices); Pew Internet, Home
Broadband Adoption 2009, at 25 (finding that average U.S. broadband prices fell by four percent between
December 2005 and April 2008, even as speeds increased) [hereinafter Pew Report].




percent of all U.S. households subscribed to broadband.* A decline in absolute prices
matched by an increase in output means that annual consumer welfare—measured as the
difference between a consumer’s willingness to pay for broadband less the access price,
summed over all consumers—associated with broadband consumption has increased
significantly over the past decade. The most likely cause of the higher output was a shifting
out of the demand curve for broadband services, which is precisely what we predicted in
our earlier reports on the broadband industry.

In this report we briefly take stock in the investment in first-generation access
technologies that occurred since we last predicted the benefits of broadband in 2003. First-
generation access technologies came primarily in three flavors: cable modem, DSL, and 3G
wireless. The investments and the associated job creation relative to a world without such
investments were impressive:

» Annualized investment in cable modem from 2003 to 2009 was $4.3 billion,
which corresponds to 63,400 jobs created.
» Annualized investment in DSL and fiber from 2003 to 2009 was $11.7
billion, which corresponds to 202,400 jobs created.
» Annualized investment in 3G wireless and satellite technologies from 2003
to 2009 was $11.6 billion, which corresponds to 168,300 jobs created.
Across the three technologies, the cumulative jobs effect associated with that investment
over the past decade was 434,100 (equal to 63,400 plus 202,400 plus 168,300). Investment

in first-generation access technologies resulted in 92 percent of U.S. homes having access to

cable modem service;> 82 percent of U.S. homes having access to DSL;® and 92 percent of

4. Pew Report, supra, at 3 (finding increases in broadband penetration from 47 percent in 2007 to 63
percent by 2009). Quality-adjusted prices have declined even more rapidly, inducing many consumers to
upgrade to a similarly-priced new plan with faster download speed.

5. SNL Kagan (2008), available at http://www.ncta.com/Statistics.aspx (accessed on Nov. 12, 2009).



the population having access to a wireless 3G network in their primary place of residence.”
Such ubiquitous coverage implies that most U.S. households have a choice of at least three
broadband technologies and of even more suppliers (as there are generally multiple
nationwide 3G wireless suppliers operating in the same local service area).

As impressive as that investment was, even greater investments are now being
made. U.S. BSPs are upgrading their existing infrastructure with next-generation access
technologies. The major varieties of next-generation broadband technology include fiber-
to-the-home (FTTH), fiber-to-the-node (FTTN), DOCSIS 3.0, and 4G wireless. To reach the
same coverage levels as they achieved with first-generation technologies, we estimate that
that the annual average investment by BSPs over the next six years (2010-15) will be:

» $12.5 billion in wireline broadband, including FTTH and FTTN, which

corresponds to 247,000 jobs created.

» 3.6 billion in cable broadband, including DOCSIS 3.0, which corresponds to

52,000 jobs created.

» $14.0 billion in wireless technologies, which corresponds to 205,000 jobs

created.

» $300 million in satellite broadband, which corresponds to over 4,000 jobs

created.

» $30.4 billion in all broadband technologies, which corresponds to over 509,000

jobs created.®

Much of the investment in next-generation technologies is already underway. For example,

Verizon has invested nearly $23 billion in establishing its FTTH network, known as FiOS,

6. Federal Communications Commission, In the Matter of Inquiry Concerning the Deployment of
Advanced Telecommunications Capability to All Americans in a Reasonable and Timely Fashion, and Possible
Steps to Accelerate Such Deployment Pursuant to Section 706 of the Telecommunications Act of 1996, Fifth
Report (June 12, 2008), Appendix B, Table 14.

7. Comments of CTIA-The Wireless Association, WC Dkt. No. 05-337, filed April 17, 2008, at Attachment
1 (finding that 92 percent of the population has access to a wireless 3G network in their primary place of
residence).

8. Once again, the job creation associated with this investment is relative to world without such
investments.



since 2004.° AT&T spent nearly $5 billion on its U-Verse network from 2006 through
2008.19 In 2009, Comcast invested between $400 and $500 million in upgrading its
network to DOCSIS 3.0.11 It is no accident that while private, non-residential investment in
all U.S. industries was shrinking at an annual rate of more than 20 percent between the
third quarter of 2008 and the third quarter of 2009,12 investment in the broadband
industry held its ground in the current recession. Nonresidential private investment
declined by 18.1 percent in nominal terms from 2008 to 2009 (from $1.693 trillion to
$1.386 trillion),!3 while broadband investment declined by only 3.3 percent in nominal
terms (from $31.04 billion to $30.01 billion).

Not all of the news relating to broadband is good, however. Across the
communications and utility-related construction industries, more than 123,000 jobs were
lost over the two-year period between the beginning of the recession in December 2007
and the end of 2009.1# Significant investment is needed to restore those lost jobs. We
estimate that the going-forward capital expenditures in next-generation access
technologies would create approximately 509,000 jobs relative to a world without such
investments so long as no new regulatory changes undermine the incentives of BSPs to

continue to invest. Indeed, it is not an overstatement to say that the planned investment of

9. Saul Hansen, Verizon’s FiOS, A Smart Bet or a Big Mistake, N.Y. TIMES, August 18, 2008.

10. See Appendix, Table A-3.

11. Comcast Corporation Earnings Conference Call (Q42008), at 7, available at
http://files.shareholder.com/downloads/CMCSA/0x0x299976/9e745136-9e7a-472e-8a25-
e6f4131b20c7 /CMCSA-Transcript-2009-02-18.pdf (accessed on Dec. 23, 2009).

12. BUREAU OF ECONOMIC ANALYSIS, NATIONAL ACCOUNTS, Nonresidential fixed investment, available at
http://bea.gov/national /nipaweb/SelectTable.asp?Selected=Y (Table 5.3.1).

13. Id. at Table 1.1.5.

14. U.S. Department of Labor, Bureau of Labor Statistics, Employment, Hours, and Earnings from the
Current Employment Statistics Survey, at http://www.bls.gov/ces/cesprog.htm (last visited Jan. 8, 2010).




U.S. BSPs is critical to the larger U.S. economic recovery.

Unfortunately, some policymakers have threatened to change the regulatory
landscape substantially. At the urging of lawmakers, the Federal Communications
Commission (FCC) has initiated several broadband-related proceedings, including a
requirement to develop the federal government’s first national broadband plan. Given
broadband’s critical importance to the U.S. economy, crafting a forward-looking plan that
focuses on those geographic areas where broadband has not yet reached or those
population segments that have not adopted broadband is a worthwhile public endeavor.
However, it is important that this and other related inquiries do not result in new
restrictions for BSPs that would reduce innovation at the “core” of the network.

To correct the private market’s perceived “failure” to make broadband available to
100 percent of U.S. homes, some are suggesting re-imposing mandatory unbundling rules
on incumbent carriers, while others have proposed providing subsidies or grants only to
those BSPs that would agree to deploy under-served areas with a wholesale-only model.
Both of these policy options would be a serious mistake because they would inhibit
investment.

Another regulatory threat concerns a BSP’s ability to utilize new network
capabilities in a manner that provides quality-sensitive applications differentiated handling
and charges a price for such prioritization in contracts between BSPs and content
providers. According to the Commission’s recent Notice of Proposed Rule Making on net
neutrality, the privately optimal fee for such service is (surprisingly) zero, as the private

benefits to BSPs from encouraging entry among content providers is allegedly greater than



the forgone revenues from such surcharges. But competition among BSPs might cause each
BSP to choose a positive price for prioritization, which would unravel the Commission’s
idealized equilibrium. To correct this perceived market failure, proponents of net
neutrality seek to impose, among other things,> a zero-pricing rule for prioritization. In
this report, we explain why each of those proposals mentioned here would undermine the
incentives of BSPs to invest in next-generation access technologies. We also provide
concrete policy proposals that would bolster the investment incentives faced by BSPs,
which would create more jobs, more economic growth, and more consumer welfare.

The net neutrality proposals currently being contemplated by the Commission
mistakenly imply that the most important source of future innovation is at the “edge of the
network”—that is, proponents believe that investments by content providers are somehow
more valuable than investments by BSPs. Although investment at the edge of the network
is certainly important, there is a clear track record of job and wealth creation associated
with investment in first- and second-generation access technologies, suggesting that
investment at the core of the network is equally if not more important. Accordingly,
policymakers should take efforts to promote both investments at the core of the network

and at the edge of the network.

15. The net neutrality proposals would also seek to freeze the currently prevailing business models in
place, which would prevent BSPs from differentiating their services.



II. OUR EARLIER STUDIES

We begin by briefly reviewing our previous estimations on the benefits of
broadband in 2001 and 2003.17 In both of these studies, we estimated the consumer
surplus derived from broadband Internet adoption, and the consumer benefits from
universal broadband deployment. The later work, however, also considered investment in
both first- and second-generation technologies, and made forecasts of how this investment
would affect economic output and employment. In both cases, we could not have foreseen
the vast technological improvements that have developed over the past decade. Table 1

below summarizes the results of these two studies.

16. Robert W. Crandall & Charles L. Jackson, The $500 Billion Opportunity: The Potential Economic
Benefit of Widespread Diffusion of Broadband Internet Access, July 2001 [hereinafter $500 Billion
Opportunity].

17. Robert W. Crandall, Charles L. Jackson, & Hal ]. Singer, The Effect of Ubiquitous Broadband Adoption on
Investment, Jobs, and the U.S. Economy, New Millennium Research Council Sept. 2003 [hereinafter Ubiquitous
Broadband Adoption].



TABLE 1: SUMMARY OF PREVIOUS ESTIMATES OF THE
BENEFITS FROM UNIVERSAL BROADBAND ADOPTION

($ BILLIONS, EMPLOYMENT IN NUMBER OF JOBS)

2001 2003
Estimates Estimates

ANNUAL CONSUMER SURPLUS ESTIMATES UNDER LINEAR DEMAND*

At Actual Penetration Levels at Time of Study $1.4to $2.0 $6.3 to $9.5

At 50% Penetration $80to $121  $64.4 to $96.6

At Ubiquitous Level $284 to $427 $234 to $351
ANNUAL CONSUMER SURPLUS ESTIMATES UNDER LOG LINEAR DEMAND*

At Actual Penetration Levels at Time of Study N/A $6.5 to $8.4

At 50% Penetration N/A  $17.0 to $37.7

At Ubiquitous Level N/A  $32.3t0$71.9
ANNUAL CONSUMER BENEFITS FROM UNIVERSAL BROADBAND DEPLOYMENT
DIRECT ESTIMATES FROM DEMAND CURVE

Broadband Access Subscription $284 to $427 $234 to $351

Household Computer & Network Equipment $13 to $33 $20
Total Benefits $297 to $460 $254 to $371
ALTERNATIVE ESTIMATE BASED ON SUBSTITUTION

Shopping $74 to $257 $78to $270

Entertainment $77 to $142 $77 to $142

Commuting $30 $15

Telephone Services $51 $44

Telemedicine $40 $20 to $40
Total Benefits $272 to $520 $234 to $511
CAPITAL EXPENDITURES, 2003-2021

First Generation Broadband N/A $63.6

Second Generation Broadband N/A $93.4
First and Second Generation Broadband N/A $146.43
ANNUAL EMPLOYMENT, 2003-2021

From First Generation Investment N/A 60,656

From First and Second Generation Investment N/A 140,000
CumMULATIVE EcoNoMic OuTpPUT (GDP), 2003-2021

From First Generation Investment N/A $179.7

From First and Second Generation Investment N/A $414.0

Notes: * Our definition of ubiquitous broadband adoption in 2001 was 94 percent, but in 2003 was 95.3
percent. The estimates were calculated under a range of elasticities of -1.5 to -1. The estimates under a

log linear demand curve are calculated under the assumption of a choke price of $120.

In 2001, we undertook a study of the benefits that broadband Internet access would
bring to U.S. consumers and to the economy. We used two approaches to assess the

eventual economic benefits of broadband. First, we modeled the demand for high-speed



access once broadband had time to diffuse throughout the country, which we estimated
would take 15 to 25 years. From this demand function we calculated the consumer surplus
associated with high-speed access priced at $40 per month. We also estimated the benefits
to consumers from non-broadband use of the higher-quality network and computing
equipment that would be used with their high-speed network access. Second, we examined
the benefits that high-speed access would eventually provide, and calculated the consumer
surplus associated with each benefit. This approach provided a check of our first set of
estimates. Using these two approaches, we concluded that the eventual consumer benefit of
universal broadband could be as much as $100 to $300 billion per year. We estimated that
the benefit for producers of electronic equipment used in the delivery of broadband
services, household computer and networking equipment, and household entertainment
could be between $50 and $100 billion per year. Combining these two estimates, we
projected that the net present value of broadband services could be between $140 and
$500 billion per year.

In 2003, we estimated the impact of universal residential broadband adoption on
consumers, investment, employment, and economic output. Much like our 2001 work, we
began by estimating the consumer surplus of universal broadband adoption. Then we
forecasted residential broadband adoption and capital spending through 2021 using
analyst reports. Finally, using BEA input-output multipliers, we projected the potential
impact of capital spending on national employment and gross domestic product (GDP). We
calculated these impacts for both first- and second-generation technologies. Before

accounting for second-generation adoption, we found that ubiquitous broadband adoption
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would result in $64 billion in capital expenditures by DSL and cable operators through
2021. We projected that this investment would be associated with a cumulative increase of
$180 billion in GDP, and account for 61,000 additional jobs per year. We found that
investment in second-generation technologies, such as fiber-to-the-home (FTTH) and very
high-speed digital subscriber lines (VDSL), over the same time horizon would be $93
billion. Because adoption of more advanced access technologies comes at the expense of
current generation subscriptions, the two effects are not completely additive. We found
that investments in more advanced access technologies would displace $10.6 billion of
investment in current generation technologies. Thus, we estimated that the combined
investment in first- and second-generation technologies would be $146 billion, creating
140,000 new jobs per year. We concluded that if residential broadband became ubiquitous,
and if the effects of increased consumer spending on capital investment in other industries
were considered, then more than 1.2 million jobs could be created as a result of ubiquitous
residential broadband adoption. The following section analyzes how our 2003 projections
compare to the empirical evidence.
III.  ACCURACY OF PAST PREDICTIONS

The purpose of this section is to assess the accuracy of our 2003 predictions. Table
2 compares our predictions to the actual results that have occurred in the past seven years.
The following is a brief “report card” assessing the precision of our predictions:

» We estimated residential broadband penetration fairly accurately,!®8 with the rate
approaching or exceeding 60 percent in 2009 depending on the source.1?

18. For our original projections see Ubiquitous Broadband Adoption, supra, Table 3 at 11.
19. We compare our estimates to figures reported by Pew Internet, the Federal Communications
Commission (FCC), and Morgan Stanley. See Pew Internet Broadband Adoption Surveys 2005-2009; Federal
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» We appear to have under-estimated investment in first- and second-generation residential
broadband technologies.2 Making an apples-to-apples comparison between our projections
and the actual experience is challenging because: (1) providers do not report broadband
investments separately from broader categories of investments; (2) estimates of broadband
investments generally do not provide separate estimates for business and residential
investment; and (3) at the time of our predictions, we did not consider the development of
first-generation wireless technologies.

» We accurately predicted consumer expenditures on computer equipment, peripherals, and
software from 2003 to 2007.2! Expenditures from 2007 to 2009 did not meet our
projections—an unsurprising result given the recession that began in 2007.

» We likely underestimated the multiplicative effect of broadband investment on jobs and
economic output.22 Any retrospective analysis of this effect is necessarily imperfect;
therefore, we cannot know with certainty the accuracy of our original assessment.

» Our forward-looking estimates of consumer surplus that would ultimately be enjoyed by
U.S. consumers was reasonable based on a comparison of our elasticity assumptions with
more recent estimates of the price elasticity of broadband demand.23

» As we predicted, broadband has provided tremendous value to consumers in shopping,
entertainment, commuting, telephony, telemedicine, social networking, education,
electricity, and transportation.24

Communication Commission, High Speed Services for Internet Access (June 2008); U.S. Census Bureau
(number of households); Crandall, Jackson, & Singer figures come from Ubiquitous Broadband Adoption Table
3 at 11 . Morgan Stanley, Broadband Outlook: Cable Modem Speeds Boosting Market Share, Morgan Stanley
Research (2008) Exhibit 30 at 19.

20. For our original projections see Ubiquitous Broadband Adoption, supra, Table 8 at 20; We compare
2003 our investment forecasts to capital expenditures reported by the Columbia Institute of Tele-Information
(CITI), and the U.S. Census Bureau’s Annual Capital Expenditure Survey (ACES). See Robert C. Atkinson & Ivy
E. Schultz, Columbia Institute for Tele-Information (CITI), Broadband in America: Where It Is and Where It Is
Going (According to Broadband Service Providers), Preliminary Report Prepared for the Staff of the FCC's
Omnibus Broadband Initiative, Nov. 11, 2009, at Table 15 [hereinafter Broadband in America]; U.S. Census
Bureau, 2007 Annual Capital Expenditure Survey, Table 4a, and 2004-2006 Annual Capital Expenditure
Survey, Table 4b, available at http://www.census.gov/csd/ace/ (accessed on Jan. 10, 2010).

21. For our original projections of consumer expenditures on computer, peripherals, and software, see
Ubiquitous Broadband Adoption, supra, at 7-9; We compare these estimates to the latest available data from
the BEA, see Bureau of Economic Analysis (BEA), Table 2.4.5U Personal Consumption Expenditures by Type of
Product, data downloaded at http://www.bea.gov/national/nipaweb/nipa_underlying/Index.asp (accessed
on Dec. 23, 2009).

22. There is no straight-forward method to test the accuracy of our predictions. The next best
alternative is to compare the multipliers an investment used in our previous analysis to more recent
estimates. For our original multipliers, see Ubiquitous Broadband Adoption, supra, at 14-16; We compare our
multipliers with the weighted average multipliers calculated by Eisenach, Singer, and West. See Jeffrey A.
Eisenach, Hal J. Singer, & Jeffrey D. West, Economic Effects of Tax Incentives for Broadband Infrastructure
Deployment, Fiber-to-the-Home Council (2008) at 8.

23. It is difficult to measure consumer surplus directly ex-post. The next best alternative is to compare
our estimates of elasticity to the latest reported measures of elasticity. Our elasticity estimates (-1 to -1.5) are
in line with those calculated by Dutz, Orzag, and Willig (-0.69 to -1.53). For our previous projection of
consumer surplus, see Ubiquitous Broadband Adoption, supra, at 6-7; for the Dutz, Orzag, Willig estimates, see
Mark Dutz, Jonathan Orszag, & Robert Willig, The Substantial Consumer Benefits Of Broadband Connectivity
For U.S. Households, Internet Innovation Alliance, July 2009, at 7.
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» A 2007 study by Crandall, Lehr, and Litan corroborates our claim that broadband would
have spill-over effects in other sectors of the economy.25

TABLE 2: 2003 PREDICTIONS VS. ACTUAL RESULTS

PREDICTED VS. ACTUAL 2003 2004 2005 2006 2007 2008 2009
PENETRATION RATES
2003 Forecast 20% 26% 32% 37% 47% 53% 60%

Average Penetration Rates Reported by Analysts  17% 25% 34% 43% 51% 58% 59%

INVESTMENT IN FIRST AND SECOND GENERATION DEPLOYMENT ($ BlLLlONS)
2003 Forecast $5.1 $6.7 $7.1 $7.4 $8.6 $10.0 $8.2
Current Estimates $18.2 $21.2 $279 $32.0 $33.3 $31.0 $30.0

BENEFITS OF HOUSEHOLD COMPUTING CAPACITY (CONSUMER EXPENDITURES ON COMPUTER EQUIPMENT) ($ BILLIONS)
2003 Forecast $429 $49.0 $56.0 $639 $73.0 $83.4 $95.2
Actual Expenditures $45.1 $499 $543 $58.6 $63.6 $64.5 N/A

]0BS CREATED FROM BROADBAND INVESTMENT (THOUSANDS)
2003 Forecast 93 121 129 134 155 181 149
Current Estimates 282 329 431 500 526 495 475

ECONOMIC OUTPUT FROM BROADBAND INVESTMENT ($ BILLIONS)
2003 Projections $14.5 $18.8 $20.0 $20.8 $24.2 $28.2 $23.2
Current Estimates $52.6 $61.3 $80.6 $92.6 $96.8 $90.3 $87.2

CONSUMER WELFARE (COMPARISON OF ELASTICITIES USED)
2003 Forecast -1.5to -1
Dutz, Orzag, & Willig (2009) -1.53 -1.17 -0.88 -0.69

BENEFITS OF BROADBAND APPLICATIONS
Broadband has exhibited benefits in telemedicine, telecommuting, shopping, entertainment, electricity,

transportation, VolP, education, and social networking.

SPILLOVER EFFECTS IN OTHER INDUSTRIES

We predicted that broadband adoption would cause consumers to spend more in upstream industries,
leading to increased capital spending by these upstream industries, which would create jobs, and economic
output.

24. For our projections, see, Ubiquitous Broadband Adoption, supra, at 9; For a detailed description of
recent developments in broadband applications see Section II-H below.

25. For our previous projections, see, Ubiquitous Broadband Adoption, supra, at 21-22. For the Crandall,
Lehr, and Litan paper, see, Robert Crandall, William Lehr, and Robert Litan, The Effects of Broadband
Deployment on Output and Employment: A Cross-sectional Analysis of U.S. Data, THE BROOKINGS INSTITUTION:
ISSUES IN EcoNoMic PoLicy No. 6 (2007).
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The remainder of this section discusses the developments in broadband since our 2003
report, and provides further detail on the assessment of our predictions.
A. Actual versus predicted broadband penetration levels

In our 2003 estimation of residential broadband penetration, we predicted that 95
percent of U.S. households would subscribe to broadband services by the year 2021.26 As it
turns out, the first seven years of our projections compare favorably to the actual
penetration levels. Our original 2003 projections were based on Morgan Stanley’s 2003
forecast of residential broadband adoption. We fitted an S-curve to Morgan Stanley’s
adoption rate between 1999 and 2006, and then used the regression coefficients to forecast
the adoption rate for 2007 and later.2” Table 3 compares our original projections from
2003 to the current estimates of residential broadband penetration provided by the FCC,
Pew Research Center’s Internet & American Life Project (“Pew Internet”), and Morgan

Stanley’s 2008 adoption forecast.8

26. Ubiquitous Broadband Adoption, supra, at 10.

27. Id. at 19-20.

28. As Table 1 shows, our 2003 projections never differ from the actual results by more than five
percent. Indeed, beginning in 2006, our projections are always less than the actual penetration levels,
suggesting that broadband adoption has occurred at a rate that is slightly faster than we originally predicted.
We projected that broadband penetration would not reach 60 percent until 2010. Pew Internet’s data,
however, shows that the 60-percent-penetration threshold was reached in 2009, the FCC’s data shows that
the 60-percent-penetration threshold was broken in 2008, and Morgan Stanley does not project the 60
percent threshold to be broken until 2011.
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TABLE 3: RESIDENTIAL BROADBAND PENETRATION

CRANDALL, JACKSON & SINGER (2003)

YEAR ESTIMATES PEW INTERNET FCC MORGAN STANLEY
2003 20% 15% 17%

2004 26% 24% 25%

2005 32% 33% 31% 34%

2006 37% 42% 40% 42%

2007 47% 47% 51% 48%

2008 53% 55% 62% 52%

2009 60% 63% 55%

Sources: Pew Internet Broadband Adoption Surveys 2005-2009; Federal Communication Commission, High
Speed Services for Internet Access (June 2008); U.S. Census Bureau (number of households); Crandall,
Jackson, & Singer figures come from Ubiquitous Broadband Adoption, supra, Table 3 at 11. Morgan Stanley,
Broadband Outlook: Cable Modem Speeds Boosting Market Share, Morgan Stanley Research (2008)
Exhibit 30 at 19.

Notes: According to Pew Internet, the broadband adoption figure of 55% in its 2008 report came from “a
sample of respondents that did not include individuals interviewed on cell phone, unlike the 2009 sample.
The difference in sampling may have an impact on a 2008-2009 comparison, since those reached on cell
phones may have systematically different broadband adoption habits than those reached on landline
phones. Analysis of the effect of including cell respondents in the April 2009 survey indicates that this may
increase the figure for home broadband adoption by 2 percentage points. In other words, absent cell phone
respondents in the sample, 61% of Americans would be found to have broadband at home.” John Horrigan,
Home Broadband Adoption 2009, Pew Internet & American Life Project (2009), at 11; Morgan Stanley’s
2008 and 20009 figures are estimations.

Based on the accuracy of our projections and the trends in demographics presented
by Pew Internet, there is reason to expect that our prediction of broadband penetration
reaching ubiquity (95.3 percent residential penetration) in 2021 will be met. Pew
Internet’s latest research shows that broadband adoption is growing fastest in previously
under-represented groups.?? For example, broadband usage for senior citizens (65 and
older) grew 11 percent from 2008 to 2009.3° Respondents with household incomes of

$30,000 or less saw a growth in usage of 34 percent over the same period.3! Additionally,

29. John Horrigan, Home Broadband Adoption 2009, Pew Internet & American Life Project (2009), at 3
[hereinafter Home Broadband Adoption 2009].

30. Id.

31. Id
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usage in rural areas grew from 38 percent in 2008 to nearly 46 percent in 2009.32 Such
rapid growth in demographic groups with low broadband penetration in the past bodes
well for increased residential penetration over time.

B. Actual versus predicted investment to support first and second
generation deployment

In our 2003 paper, we predicted investment in both first- and second-generation
deployment to be $146 billion from 2003-2021, with $53 billion invested from 2003 to
2009.33 Recent reports seem to indicate that we under-estimated investment in the
deployment of these technologies.

To aggregate investment over the past decade, we use estimates of capital
expenditures reported by the Columbia Institute of Tele-Information (CITI) and the U.S.
Census Bureau’s Annual Capital Expenditure Survey (ACES). CITI reports U.S. carriers’ total
capital expenditures and broadband-specific capital expenditures beginning in 2008. ACES
reports U.S. carriers’ total capital expenditures only, which include non-broadband
expenditures. Neither of the two sources reports separate estimates of residential and
business broadband investment. Table 4 shows the estimates of total capital expenditures

from each source.

32.1d

33. Cable modem and DSL broadband require three types of capital investments: (1) deployment
expenditures, or upgrading networks, (2) expenditures on customers’ premises equipment (CPE), such as
modems, and (3) maintenance capital expenditures. We predicted that between 2003 and 2021, cumulative
investment in first generation residential broadband deployment would be $63.6 billion, or $3.35 billion per
year, an average annual expenditure of just $0.97 billion by ILECs on DSL, and an average of $2.38 billion per
year by cable operators on cable modems. We estimated that more advanced access technologies could pass
78.5 percent of U.S. households in 2021. Further, we predicted that the cumulative investment in more
advanced access technologies would be $93.4 billion between 2003 and 2021, for an average of $4.9 billion
per year. Through 2009, we projected a cumulative investment of $16.7 billion in these advanced
technologies. Investment in advanced technologies will displace $10.6 billion in first generation investment.
Thus net investment in first and second generation technology will be $63.6+$93.4-$10.6=$146.4. See Id. at
16-21.
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TABLE 4: TOTAL COMMUNICATIONS CARRIER CAPITAL EXPENDITURES, 2003-2009

($ BILLIONS)

2003 2004 2005 2006 2007 2008 2009
U.S. CENSUS ANNUAL CAPITAL EXPENDITURE SURVEY (ACES) ESTIMATES
Wireline $25.7 $245 $27.3 $32.1 $35.2
Wireless $21.0 $24.0 $27.3 $28.0 $22.2
Satellite, Resellers, & Other Telecom $3.8 $2.7 $3.2 $2.9 $3.4
Cable $10.0 $115 $129 $16.9 $18.6
Total Capital Expenditures $60.5 $62.7 $70.8 $79.9 $79.4
CITI REPORT ESTIMATES
Telco $32.3 $25.9
Cable $16.0 $14.3
Wireless $20.7 $19.7
Satellite $0.2 $0.2
WISP $0.2 $0.2
Total Capital Expenditures $69.3 $60.4

Source: Broadband in America, supra, Table 15; U.S. Census Bureau, 2007 Annual Capital Expenditure Survey, Table
4a, and 2004-2006 Annual Capital Expenditure Survey, Table 4b, available at http://www.census.gov/csd/ace/
(accessed on Jan. 10, 2010).

To estimate broadband capital expenditures from these aggregate estimates, we
begin with CITI’s estimate of broadband’s share of total carrier investment for 2008 and
2009. Based on this analysis and other evidence, we then estimate broadband’s share of
carrier capital expenditures for 2003 to 2007.34 CITI estimates that broadband accounted
for 30 percent of total cable capital expenditures in both 2008 and 2009. Because cable
systems were realizing strong growth in broadband subscriptions from 2003 to 2007, we
assume that they devoted this same 30 percent of total capital expenditures to broadband
annually from 2003 to 2007. CITI estimates that broadband’s share of telecom companies’
wireline capital expenditures increased from 48 percent in 2008 to 52 percent in 2009.
Some of this increase was due to the growing importance of second-generation broadband,

such as Verizon’s FiOS. However, the telecom carriers’ wireline expenditures had been

34. See Broadband in America, supra, Table 15.
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increasing since 2004 as they captured an increasing share of new broadband subscribers.
Therefore, we assume that broadband’s share of these companies’ total wireline capital
expenditures rose by four percentage points per year from 2003 to 2009. CITI est