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Introduction
Net neutrality, which has long been only
vaguely defined, is beginning to take form as
the FCC and Congress contemplate specific
rules to implement the idea.1 We now know, for
example, that net neutrality regulation is
motivated fundamentally by the belief that
broadband service providers (“BSPs”) will, at
some future date, seek to extract profits from the
content segment of the Internet marketplace,
and net neutrality aims to stop it.2
The sentiment is made plain in the FCC’s recent
Notice of Proposed Rulemaking (“NPRM”)
NPRM to preserve an “Open Internet”, where
they observe, “the ability of network operators
to discriminate in price or service quality among
different types of traffic or different providers or
users may impose significant social costs,
particularly if the discrimination is motivated by
anticompetitive purposes.”3 Language in the
proposed net neutrality legislation, sponsored
by Representatives Markey and Eshoo, mirrors
the concern: “legal and marketplace changes
[permit] telecommunications network operators
to control who can and who cannot offer
content, services, and applications over the
Internet utilizing such networks,” and “the
national economy would be severely harmed if
the ability of Internet content, service, and
application providers to reach consumers was
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frustrated by interference from broadband
telecommunications network operators.”4

Net neutrality regulation, as
proposed by the FCC and Congress
…increases the incentive of BSPs to
engage in exclusionary conduct in
the content sector. ***
[Accordingly,] the proposed rule
encourages
broadband
service
providers to take steps to reduce the
diversity of voices on the Internet to
the detriment of the public interest.
These formal proposals for regulation echo the
claims of neutrality supporters that fear surplus
(profit) extraction will take the form of
“exclusionary” practices such as unfair or
discriminatory access prices,5 “fast lanes” and
“slow lanes” where preferential delivery is
given to content firms willing and able to pay
more, or outright monopolization of content.
Van Schewick (2007), for example, asserts
“absent network neutrality regulation, network
providers will likely discriminate against or
exclude independent producers of applications,
content, or portals from their networks.”6 More
recently, Chettiar and Holladay (2010) opine
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that “[w]ithout net neutrality, new technologies
could lead to pricing practices that transfer
wealth from content providers to ISPs.”7
While an important issue, whether or not this
fear of exclusionary behavior is well founded is
not the subject of this PERSPECTIVE. Rather, we
merely evaluate the effect of the currently
proposed net neutrality regulations on the
incentive to engage in such exclusionary
behavior.

We learn (at least) two things from
these proposals about what net
neutrality
entails.
First,
net
neutrality is a response to fears
regarding the extraction of profits
from the content sector to the
network sector via exclusionary
tactics. Second, net neutrality is
explicitly price regulation.
Our analysis indicates the following: Net
neutrality regulation, as proposed by the FCC and
Congress, and in papers such as Van Schewick
(2007), increases the incentive of BSPs to engage in
exclusionary conduct in the content sector.8 Put
simply, firms always have an incentive to take
those steps, which increase their profits. The
degree of this incentive depends on the additional
profits to be gained, less any costs associated with
the conduct, which leads to the profit rise.
Ironically, net neutrality rules, which are supposed
to suppress privately profitable exclusionary
conduct, will actually have an effect opposite of
what is intended. Because net neutrality
regulations now under consideration will not
reduce the profits associated with monopolization
of content, but only those associated with the
participation in a competitive content market, the
proposed rule encourages broadband service
providers to take steps to reduce the diversity of
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voices on the Internet to the detriment of the
public interest. Demonstration of this result is
straightforward and depends, for the most part,
on little more than the axiom that price
regulation of a firm with market power does not
increase profits.9
Net neutrality is plainly an important issue for
the present leadership, from the White House to
the FCC, and perhaps to the nation. But, given
that currently proposed rules exacerbate the
very problem they aim to solve, it is clear the
proposed implementation of net neutrality
policy has lost its analytical footing. In our view,
a sensible policy on net neutrality requires a
return to first principles.
Net Neutrality Takes Form
Today, there are two formal government
proposals for implementing net neutrality, and
both originate in the surplus extraction
hypothesis. The most pressing example comes
with the FCC’s recent NPRM to ensure an “open
Internet.” There, the FCC specifically proposes a
rule where
a broadband Internet access service
provider may not charge a content,
application, or service provider for
enhanced or prioritized access to the
subscribers of the broadband Internet
access service provider ….10

Similarly, the Markey-Eshoo bill mandates a
zero price between content providers and BSPs,
requiring that BSPs
not impose a charge on any Internet
content,
service,
or
application
provider to enable any lawful Internet
content, application, or service to be
offered, provided, or used through the
provider’s service, beyond the end
user charges associated with providing
the service to such provider.11

Both rules target pricing. The Markey-Eshoo bill
forbids any price to content providers, whereas
the FCC’s proposal prohibits only price
differences for different qualities of service.12
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(We direct the reader to Phoenix Center POLICY
PAPER NO. 28 for an economic analysis showing
the potential harms of such pricing
restrictions.13)
We learn (at least) two things from these
proposals about what net neutrality entails.
First, net neutrality is a response to fears
regarding the extraction of surplus from the
content sector to the network sector via pricing
or exclusionary tactics. Second, net neutrality is
explicitly price regulation.14 Both proposals are
pricing rules on BSPs and little else.15

Net neutrality rules of the type
proposed by the FCC and the
Markey-Eshoo
Bill
encourage
exclusionary behavior rather than
impede it. Current federal proposals
to regulate in the name of net
neutrality are in direct conflict with
stated goals and exacerbate the
alleged defects in the Internet
marketplace.

The Economic Model
Our model has the following setup. There is a
content sector with many differentiated
providers (e.g., Google, Food Network,
YouTube, etc.). This content is “consumed” by
end-users. The BSP is the middleman in this
two-sided market, providing the network
connection between the content and the enduser. Also, the BSP may offer its own content,
which is represented by the vector of
differentiated services, V. Assume that content
providers obtain revenues from advertising.17
Our interest is in the choices of the BSP. In this
setup, there are three price vectors to consider:
(1) P denotes the vector of prices that the
network provider’s charge the differentiated
content providers for access to the network; (2) S
denotes the vector of subscription prices
charged to end users of the network; and (3) A
denotes the vector of rates charged to those
wishing to advertise on the network provider’s
content affiliate.
In the most general case—no net neutrality
regulation—the network provider’s revenue is

R(P,S,V, A)
An important question is whether or not the
proposed price regulations “promote consumer
choice and competition among providers of
lawful content, applications, and services” by
addressing a BSP’s alleged motivation “to
exclude independent producers of applications,
content, or portals from their networks.”16 The
answer is “No.” Indeed, we demonstrate here
that these proposals are fundamentally
defective. Net neutrality rules of the type proposed
by the FCC and the Markey-Eshoo Bill encourage
exclusionary behavior rather than impede it. Current
federal proposals to regulate in the name of net
neutrality are in direct conflict with stated goals
and exacerbate the alleged defects in the
Internet marketplace.
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(1)

where, as just described, the unaffiliated content
providers face price vector P; end users face
price vector S; and advertising revenue is
generated on the BSPs content V based on the
price vector A. (Recall that content providers are
assumed to make money through advertising.)
Let C(V) denote the total cost for the network
provider to directly produce the content V.
(Other costs are assumed to be zero for
simplicity.) In order to maximize profits, the BSP
chooses the three prices (P, S, and A) and
content V, yielding the optimal profit,
R(P * ,S* ,V * , A* ) C(V * ) ,

*
U

U

U

U

U

(2)

U
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where the subscript “U” indicates the
“unregulated” case and “*” denotes optimal
values. Although we assume optimal prices,
these prices need not be positive.18
Now,
suppose
the
network
provider
monopolizes content so that all content is
provided directly from the network provider’s
affiliate. In this case, the maximization of profits
entails choosing only price vectors S and A
(there is no one left to pay P) along with content
choice V, rendering profit
*
M

RM (SM* ,VM* , AM* ) C(VM* ) , (3)

where the subscript “M” denotes a monopolized
content sector.
In theory, the BSP will monopolize content if it
is profitable. The incentive of the BSP to do so is
U

*
M

*
U

.

(4)

In such a general model, it is not possible to say
whether or not U is positive or negative.
Practically and theoretically the incentive to
monopolize depends on a wide range of factors,
many of which have been formally modeled in
the economics literature. The welfare effects of
exclusion, even if accomplished, are often
ambiguous.19 Summaries of this literature are
provided by Kaserman and Mayo (1993), Farrell
and Weiser (2003), and a few others.20 Whinston
(1990) provides a thorough theoretical analysis
of the topic.21

… under network neutrality
regulation, network providers have
a stronger motivation to exclude
independent producers of content.
Plainly, under what conditions a BSP would seek
to monopolize content (directly or indirectly) is an
interesting question.22 But, we do not attempt to
answer that question here, and
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cannot do so with this model. We do have other
interests, however, which can be addressed
using this framework.
While not the focus of our analysis, by
comparing Expressions (2) and (3), we do obtain
a few useful results on the issue of
monopolization. It is likely that a monopolized
content market is less valuable to consumers
(that is certainly the common view), so the
prices to end users (S) will be lower, thereby
reducing profits. The cost of producing content,
C(V), will likely rise in the monopolized state
since all content is provided by the BSP.
Therefore, if profits are to rise, then it
presumably must happen through higher
advertising prices, A. In other words, the value
of
monopolizing
content
is
not
the
monopolization of content per se, but the
monopolization of the source of the revenue—
i.e., the advertising market, or the book market,
and so forth—where the increased profits from
advertising must offset the reduction in profits
from lower demand for broadband and higher
costs for the production of content. The ability
for a BSP to do so, however, seems implausible.
Our primary interest is in the effect of net
neutrality regulation on the incentive to
monopolize, whatever that incentive may be. As
such, consider a net neutrality rule, like those
proposed to date, where regulators impose some
restriction on prices that BSPs can charge
content providers such that P = PR.
With regulation of P, the BSP maximizes profits
by again choosing only S, A, and V, giving
(P ,S *

R

*
NN

NN

R NN

,V * , A*
NN

NN

) C(V *

) , (5)

NN

where the subscript “NN” denotes net neutrality
regulation.
At this point, it is worth comparing Expressions
(2) and (5). Any restriction on the BSP’s choices
cannot increase profits, since the firm is free to
choose the regulated price vector absent
regulation. That is, if the regulated price vector
PAGE 4
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PR maximizes profit, then the BSP will choose
PR absent regulation. If the BSP does not choose
PR, then another price vector yields higher
profits. Therefore, it must be the case that U* *NN
, which simply says the unregulated profit is at
least as large as the regulated profit.23
In the presence of net neutrality regulation, the
incentive for monopolization of content is
NN

*
M

*
NN

,

(6)

where we assume *M is the same both with and
without net neutrality regulation.24 As with
Expression (4), we cannot say whether
Expression (6) is positive or negative, but this is
not the question of interest. Rather, we wish to
evaluate whether net neutrality regulation
increases the incentive of the BSP to monopolize
the content sector. The answer lies in a
comparison of U and NN as defined in
Expressions (4) and (6).

… price is always the preferred tool
for
surplus
extraction,
and
prohibiting its use only leads to the
use of less efficient tools—like
sabotage or even monopolization.
By inspection, it is easy to see that the
differences between these expressions depends
solely on the difference between Expressions (3)
and (5), which has already been established.
That is, net neutrality regulation increases the
incentive to monopolize via exclusion if
*
*
M
NN , which must be true unless the
regulated price is the same as the unregulated
price. Therefore, it is possible to conclude that
NN > U, which implies that under binding
network
neutrality
regulation,
network
providers have a stronger motivation to exclude
independent producers of content.25
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Example One: Madison River
Madison River Communications’ blocking of
VoIP service is a frequently used example of the
need for net neutrality regulation.26 Yet, the
Madison River case does not suggest a general
incentive to exclude, rather is simply a
manifestation of the type of incentives described
here.27
Federal and state regulators have long propped
up access charges to levels well in excess of costs
for rural phone companies, and these markups
are an important source of revenues and profits
for these carriers. At the same time, the FCC
prohibited the application of such switched
access charges to VoIP providers even though
such calls were substitutes for traditional long
distance services. Unable to levy the switched
access charge to VoIP carriers, Madison River
resorted to blocking. (Alternately, Madison
River could have charged a higher price for a
VoIP-capable broadband service, but did not.)
In the absence of the VoIP exclusion on access
charges and regulation-sponsored markups on
access services, the Madison River case would
not exist. Madison River Communications
merely responded to the incentives created by
federal and state regulation, and their actions
were unsurprising under the circumstances. As
the economic theory of sabotage shows so
clearly, prohibiting surplus extraction via price
only leads to the use of less efficient extraction
tools like sabotage or even monopolization.28
Example Two: Carterfone
The Carterfone case is another example where
the explicit and primary role regulation played
in creating the incentive for exclusionary
conduct is well established.29 As noted in a
paper by Farrell and Weiser (2003), the Bell
System’s entry deterring behavior in telephone
equipment was “because of the price regulation
of local telephone service.”30 Economists
recognize that it was classic public utility-type
regulation that created the incentive for the Bell
PAGE 5
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System to leverage and exclude entry in the
terminal equipment sector. Accordingly, it was
the firm’s efforts to evade regulation, not simply
a monopolist’s inherent desire to protect
revenue and profits, which created the incentive
to sabotage and necessitated the Carterfone
decision.
Conclusion
The justification for net neutrality regulation is
that absent a bright-line, non-discrimination
rule,
network
providers
will
employ
exclusionary tactics to harm competition in the
content and application sector. Yet, as we show
here, the proposed net neutrality rules of both
the FCC and Congress, and encouraged by Van
Schewick (2007) and Chettiar and Holladay
(2010),31 can actually promote such exclusionary
behavior. That is, the incentive to monopolize is
greater under net neutrality.
The policy implications of this analysis are
numerous, but can be summarized at a very
high level as follows: the analytical foundation
for net neutrality remains in its infancy and the
concept needs more time to evolve. Since even
the advocates of net neutrality regulation admit
that there exists a “de facto net neutrality
regime”32 today, there seems to be little reason
for a headlong rush into bright-line regulatory
rules when so little is known about the issue (as
shown clearly here).
The rules proposed by
both the FCC and Congress create incentives
that may not even exist absent the regulation,
and increase whatever incentives do exist for
BSPs to behave badly in the content market.
Most troubling about the proposed rules is that
net neutrality, it now appears, has become little
more than a quibble over profits between
providers, a far cry from the origins of the
concept wherein the focus was on the freedom
to distribute and consume information without
undue interference. A return to first principles
may be in order.
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Net Neutrality, Reclassification and Investment:
A Further Analysis
Dr. George S. Ford
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Introduction
In a recent paper, Net Neutrality, Reclassification and
Investment: A Counterfactual Analysis1, I used the
difference-in-differences methodology to estimate
the effect on telecommunications investment of the
Federal Communications Commission’s (“FCC”)
Net Neutrality policies, including especially the
Agency’s decision to reclassify broadband as a
Title II common carrier
telecommunications service.2 I took this
approach because far too many analysts have
focused on the changes in nominal levels of
capital expenditures over time to measure the
investment effects of the FCC’s 2015 Open
Internet
Order,
comparisons
which—as
discussed in the prior paper—are utterly
meaningless.3 The relevant question for public
policy is not whether capital expenditures rise or
fall, but rather whether such expenditures are
below the level they would have been “but for”
the regulatory intervention. A counterfactual
analysis, like that offered in my earlier work and
again here, is required for such a comparison.

The econometric analysis in my earlier paper
revealed large effects: investment was down
about 20% to 30% over the years 2011 through
2015, costing the nation about $150-$200 billion
in investment over the five-year period. The
“reclassification” treatment was dated at 2010,
the year in which reclassification was proposed
by then Chairman Julius Genachowski.4
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… I provide alternative estimations
to my earlier work…. *** None of
these modifications materially
alters my results. Investment in
telecommunications
is
below
expectations by about 25% since the
FCC’s introduction of Title II
reclassification.

Since publication, I have received a number of
comments on the paper, for which I am grateful.
In this PERSPECTIVE, I offer some additional
analysis of the investment data in response to
some of these remarks. As detailed below, I
provide alternative estimations to my earlier
work that incorporate the following: (1) I restrict
the data to investments in property and
equipment (thereby excluding investment in
intellectual property); (2) I construct an
alternative control group using the more
aggregated investment categories; and (3) I
exclude both 2010 and 2011 from the data to
provide more time for the investment effects to
occur. None of these modifications materially
alters
my
results.
Investment
in
telecommunications is below expectations by
about 25% since the FCC’s introduction of Title
II reclassification.
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Investment Data
As before, domestic investment data is supplied
by the U.S. Bureau of Economic Analysis’ Fixed
Assets tables.5 Telecommunications investment
falls under the broad class of “Information”
services in the subcategory “Broadcasting and
Telecommunications.”
For equipment and
property, broadcasting makes up a very small
share of the total investment figures (about 3%).6
My data span 1980 through 2015, the last year
for which data are available. The treatment
period is defined to be years 2011-2015, though
here I also exclude 2011 in some samples.

… far too many analysts have
focused on the changes in nominal
levels of capital expenditures over
time to measure the investment
effects of the FCC’s 2015 Open
Internet
Order,
comparisons
which—as discussed in the prior
paper—are utterly meaningless.
Control Group
In the earlier paper, four sectors were chosen for
the control group: (A) machinery manufacturing;
(B)
computer
and electronic
products
manufacturing; (C) plastic and rubber products
manufacturing; and (D) transportation and
warehousing. I label this control group G1. In
consideration of the parallel paths assumption of
the DiD methodology, these sectors were chosen
based on the similarities in the investment trends
in the pre-treatment period (1990-2009).

The first three control sectors from this control
group are from the broad “manufacturing”
sector, which is also divided into subcategories
“durable” and “non-durable” goods
manufacturing. Investment trends in the broad
manufacturing
and
durable
goods
PHOENIX CENTER PERSPECTIVES 17-03

manufacturing sectors also closely matched that
of telecommunications, but they were excluded
from the control group due to the use of the
more narrowly defined sectors within the
broader classes, thus avoiding using the “same”
control sector twice.
Figure 1. Pre-Treatment Trends
(Control Group: G2)
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In this updated analysis, I alter the control group
by choosing controls from the more aggregated
sectors. One possible advantage is that these
broader sectors are less likely to be influenced by
the idiosyncrasies of a narrowly-defined sector.
For the new control group (labeled G2), three
control sectors are selected: (A) durable goods
manufacturing; (B) wholesale trade; and
(C) transportation and warehousing (also used in
the prior study). The pre-treatment trends for
investments in total fixed assets—the dependent
variable in the prior study—are illustrated in
Figure 1, and the similarity of the trends provides
support for the parallel paths assumption.

yc

Figure 2. Pre-Treatment Trends
(Equip & Property; Control Group: G1)
Tele
A
B
C
D

1980

2009 Year
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For investments in equipment and structures,
the pre-treatment trends for control group G2
are nearly identical to those in Figure 1, so I do
not update that figure. The pre-treatment trends
for investments in equipment and structures
alone for control group G1 are illustrated in
Figure 2. Group G1 also appears to satisfy the
parallel paths assumption for the more limited
investment data.

Table 1. Summary of Estimates
(Years 2000-2015)
Control
G1

Control
G2

Marg. Eff.
(t-stat)

Marg. Eff.
(t-stat)

All Fixed Assets

-23.4%
(-4.83)***

-25.8%
(-4.27)***

Equipment & Property

-24.4%
(-3.06)***

-29.6%
(-4.46)***

Investment Types

Estimation Model
As before, investment effects are quantified
using the DiD regression,
yit = Dit + Kit-1 + t + i +

it

,

(1)

where, as before, yit is the (natural log of the)
investment for economic sector i at time t, Dit is
a dummy variable that equals 1 for the period
for which the broadband providers faced the
possibility of reclassification (0 otherwise), i is
fixed effect for each economic sector in the
sample i, t is a time effect common to all
observations in time t, and it is the econometric
disturbance term that is assumed to be
distributed independently of all and .7 The
variable Kit-1, which appears in some of the
regressions, is a one period lag of net capital
stock.
Results
Equation (1) is estimated for both control groups
G1 and G2, and for investment in all fixed assets
(Obs. = 75) and alternately equipment and
property only (Obs. = 60). Matching the prior
paper but reducing the reported results for
expositional purposes, I only report results from
the pre-treatment period of 2000-2009; the posttreatment period is 2011-2015. For all fixed assets,
the average investment level between 2011 and
2015 is about $126 billion; for equipment and
property, the average investment level is about $80
billion. The estimated marginal effects (expressed
as percentage changes) along with the t-statistics
are summarized in Table 1.
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Including (lagged) Net Capital Stock (K) as a Regressor.
All Fixed Assets
Equipment & Property

-24.7%
(-5.57)***
-26.1%
(-3.48)***

-24.5%
(-3.96)***
-27.9%
(-4.13)***

Sig. Levels: * 10%, ** 5% *** 1%

For both control groups, both measurements of
investment, and both model specifications, the
investments effects are large and statistically
different from zero at the 1% or better. As in the
prior paper, the marginal effects are estimated at
a 25% reduction in investment due to
reclassification.

The relevant question for public
policy is not whether capital
expenditures rise or fall, but rather
whether such expenditures are
below the level they would have
been “but for” the regulatory
intervention.
A
counterfactual
analysis, like that offered in my
earlier work and again here, is
required for such a comparison.

The size of the marginal effects (a percentage) are
not much affected by the choice of the control
group or the measure of investment. At the
average level of investment post treatment, the
PAGE 3
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results indicate that investment in total fixed
assets would have been about $30 billion more
annually “but for” reclassification. Investment
in equipment and property would have been
$20 billion more “but for” reclassification. Over
the five-years since 2010, total investment is
down $150 billion and investment in equipment
and property, which excludes intellectual
property, is down $100 billion.
Two-Year Transition Window
In the prior paper and the results just presented,
the treatment year (2010) is excluded from the
sample, which leaves five years of data during the
treatment period. Investment effects are likely to
be realized with some lag, so as an alternative
specification I exclude both years 2010 and 2011.
The results are summarized in Table 2.
Table 2. Summary of Estimates
(Years 2000-2015)
Control
G1

Control
G2

Marg. Eff.
(t-stat)

Marg. Eff.
(t-stat)

All Fixed Assets

-24.9%
(-4.80)***

-27.5%
(-4.16)***

Equipment & Property

-25.9%
(-3.00)***

-31.9%
(-4.41)***

Investment Types

Including (lagged) Net Capital Stock (K) as a Regressor.
All Fixed Assets

-25.5%
(-5.36)***

-25.9%
(-3.73)***

Equipment & Property

-26.8%
(-3.28)***

-29.8%
(-3.95)***

Excluding two years of data to account for the
transition does not much change the marginal
effects, increasing all of them slightly. Despite
the loss in observations, all the marginal effects
remain statistically significant at the 1% level or
better.

No meaningful changes to the
estimated investment effects are
found—the decline in investment
from reclassification remains large
and statistically different from zero.

Conclusion
Using a broad measure of telecommunications
investment, prior analysis demonstrates that
since 2010 investment in telecommunications is
about $150 to $200 billion lower than it would
have been absent reclassification of broadband
as a Title II telecommunications service. In this
PERSPECTIVE, I extend my earlier analysis by
applying the same methodology to a different
control group and narrower definition of
investment. No meaningful changes to the
estimated investment effects are found—the
decline in investment from reclassification
remains large and statistically different from
zero.

Sig. Levels: * 10%, ** 5% *** 1%
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Reclassification and Investment: A Statistical Look at the 2016 Data
Dr. George S. Ford
July 13, 2017

A
regulatory revival
at the Federal
Communications Commission (“FCC”) during
the Obama Administration dramatically curbed
capital spending on broadband infrastructure.
Since the specter of reclassification was first
introduced
by
then-Chairman
Julius
Genachowski in 2010, investment has
consistently been at least 20% below
expectations.1
More recently, significant attention has focused
on the reductions in infrastructure investment
following the 2015 Open Internet Order (adopted
on February 25, 2015).2 Data from USTelecom
and CTIA, for instance, show sizeable declines
in capital spending in 2016, the year following
the decision.3 Even Free Press, an advocate for
Title II, offers evidence that real investment
declined in 2016.4 Given the importance of
broadband infrastructure deployment in the
modern economy, the decline in capital
spending will almost certainly play a role in the
current FCC’s proposal to reverse the
reclassification decision and the legal defense of
that decision.5
While the declines in capital spending appear
significant,
investment
in
the
telecommunications sector changes every year,
sometimes by large amounts. Thus, an
important question to ask is whether the
declines in investment in 2016 reflect standard
variability for the industry or are abnormal in
their scale. To answer that question, in this
PERSPECTIVE I apply some statistical tests to the
USTelecom and CTIA data to determine
whether the reductions in capital spending in
PHOENIX CENTER PERSPECTIVES 17-08

2016 are abnormally large or merely consistent
with random variation. To my knowledge, my
analysis is the first to analyze the statistical
properties of the investment changes in 2016.

My statistical analysis indicates
that the significant investment
declines
reported
by
both
USTelecom and CTIA in 2016 are
abnormally large for the sector.
Attributing these shockingly large
reductions in capital spending to
the 2015 Open Internet Order is not
permitted absent a meaningful
counterfactual, but the evidence
clearly shows something is afoot in
the broadband business.

My statistical analysis indicates that the
significant investment declines reported by both
USTelecom and CTIA in 2016 are abnormally
large for the sector. Attributing these shockingly
large reductions in capital spending to the 2015
Open Internet Order is not permitted absent a
meaningful counterfactual, but the evidence
clearly shows something is afoot in the
broadband business.
Capital Spending Data
The observation that capital spending has
declined, even by a large amount, tells us little
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about the effects of a policy change. First,
quantifying the true effect of reclassification on
capital spending requires a counterfactual (what
investment would have been absent the rule
change). Of the very few studies that have
applied a counterfactual analysis, all show
sizeable declines in capital spending and sector
employment (and even broadband speeds).6
Second, each year capital spending by
broadband providers undergoes random
variation. Looking only at changes, therefore,
requires, at a minimum, attention to the size of
the change in relation to the typical changes
experienced over time.
In this PERSPECTIVE, I test for the presence of an
abnormally large change in capital spending in
2016, where the size of the change is measured
with formal reference to historical changes in
capital spending. Admittedly, for purposes of
statistical analysis, there is a paucity of data.
Both USTelecom and CTIA offer short time
series of investment data and there is only one
year of capital spending data following the 2015
Open Internet Order. The dot-com bubble,
following an investment frenzy after the
Telecommunications Act of 1996, further taints
the data. Practically, the data is limited to 2003
through 2016, or 14 observations, and 2009 was a
recession year. Given these limitations, my
analysis necessarily uses simple and mostly nonparametric tests to determine whether
reductions in capital spending as large as those
seen in 2016 are consistent with historical
changes in capital spending over the past decade
or so.
Here, I employ the investment data from 2003
through 2016 from both USTelecom and CTIA.
These data are adjusted for inflation.7 My
interest is in the change in investment, so in
what follows I let d equal the percentage change
in real investment between years (the log
difference). My analysis focuses on the statistical
behavior of the series given by d.
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Preliminary analysis of the data helps choose the
right statistical approach. I begin by noting that
statistical tests on the USTelecom and CTIA data
indicate that the d series are stationary.8 While
the samples are small, the analysis of larger
datasets indicate that telecommunications
investment is stationary in first differences.9 For
neither d series can I reject the null hypothesis
that the data is normally distributed (by the
Shapiro-Wilk test).10 The d series for the two
datasets do not have a statistically-significant,
deterministic time trend.11 Finally, regressing d
on its lagged value indicates that the
observations are temporally independent.12
Overall, the properties of the data point to some
rather simple procedures to test for an
abnormally large change in capital spending in
2016, the year following the 2015 Open Internet
Order.

According to the USTelecom data,
real capital spending in 2015 was
$77 billion. On average, we would
expect capital spending in 2016 to
be about the same. Instead,
spending
was
$72.5
billion,
indicating an investment decline of
$4.5 billion from expectations. This
figure is almost identical to that
cited by Chairman Ajit Pai (about
$5 billion) when announcing his
plan to revisit the 2015 Open
Internet Order.

Statistical Analysis
As discussed above, the d series are well
behaved in a number of important respects,
which supports some rather basic statistical
tests. Still, in light of the small samples, I will
employ (at first) a non-parametric approach to
analyze the data, constructing the empirical
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distributions of the two series by way of the
bootstrap. By visual inspection and reference to
the confidence intervals, much can be said about
the sizes of the declines in capital spending in
2016.
I will begin with the USTelecom data, which
includes investment in wireline and wireless
broadband infrastructure. For 2016, the
percentage change in real investment from the
USTelecom data is -6%, which is second largest
decline in the series since 2003. The largest
decline in capital spending occurred in 2009 (11%), a recession year. This large decline in
response to the recession suggests that capital
spending can reflect changing economic and
regulatory conditions somewhat quickly. Over
the entire sample, the average d is very close to
zero. Excluding the 11% drop in investment in
2009 (reflecting the recession and an outlier in
the series), the average change in investment is
0.8% annually, also close to zero.

According to the USTelecom data, real capital
spending in 2015 was $77 billion. On average,
we would expect capital spending in 2016 to be
about the same. Instead, spending was $72.5
billion, indicating an investment decline of $4.5
billion from expectations. This figure is almost
identical to that cited by Chairman Ajit Pai
(about $5 billion) when announcing his plan to
revisit the 2015 Open Internet Order.14
For the CTIA data, the average d is 0.6%, so the
average change in real capital spending in the
wireless industry is also close to zero. For 2016,
the percentage change in real investment is 20.5% which is the largest reduction in the
sample. The large drop in 2016 is unprecedented
in the data, so it is most certainly “abnormal.”

Figure 2. Empirical Distribution of d (CTIA)

Figure 1. Empirical Distribution, d (UST)

Figure 1 provides the empirical distribution of d
for the USTelecom data (5,000 simulations).
There is no requirement for symmetry, but the
distribution is approximately symmetric. The
90% confidence interval is bounded by -2.5%
and 2.6%. As shown in the figure and by the
confidence interval, the 6% drop in capital
spending for 2016 is well into the negative tail of
the distribution. The probability of a -6% change
in capital spending has a near zero probability,
so a 6% drop in investment is statistically rather
rare in this data.13
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Figure 2 provides the empirical distribution of d
for the CTIA data. The 90% confidence interval
is bounded by -6.2% and 9.5%. Without
question, a 20% drop in capital spending is
extraordinary for this data series. The
probability of such a sizable reduction is near
zero.15
According to the CTIA data, real capital
spending for the wireless industry in 2015 was
$32.4 billion, and should have been close to that
in 2016 (on average). Instead, spending was a
shockingly low $26.4 billion, indicating an
investment decline of $6 billion from
expectations.
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Spending Changes
Like the percent changes in capital spending, the
time-series properties of the first differences
likewise exhibit properties suitable for this sort
of analysis. In 2016, the change in USTelecom’s
capital spending figure for 2016 was -$4.5
billion. The bootstrapped 90% confidence
interval is -$1.9 billion to $2.0 billion. For the
CTIA data the change was -$6 billion in 2016,
yet the bootstrapped 90% confidence interval is $1.8 to $2.7 billion. With respect to capital
spending over the last decade or so, the changes
in 2016 are very large and statistically quite rare.

According to the CTIA data, real
capital spending for the wireless
industry in 2015 was $32.4 billion,
and should have been close to that
in 2016 (on average). Instead,
spending was a shockingly low
$26.4
billion,
indicating
an
investment decline of $6 billion
from expectations.

expenditures between 2003 and 2014.17 This
trend was then extrapolated the level of capital
expenditures in 2015 and 2016, assuming capital
expenditures would follow this linear trend. He
then compares the predictions from the trend to
actual capital expenditures in 2015 and 2016,
concluding that capital expenditures were $300
million below the trend in 2015 and $5.3 billion
less than the trend in 2016 (for a total effect of
-$5.6 billion). Mr. Horney conducted no
statistical tests, however, of these differences
from the trend, so I do so here.
Mr. Horney’s analysis relies on a linear trend,
which can be computed using the regression
equation:
yt =

0

+ 1t + et,

where yt is capital expenditures, t is a time trend,
and et is a disturbance term. The parameters ( 0
and 1) are estimated using data from 2003
through 2014, and then those parameters are
used to construct a counterfactual for 2015 and
2016.
Using the nominal USTelecom data (as did Mr.
Horney), the estimated regression is
yt = 58.4 + 1.40t + êt.

Prior Analysis of the USTelecom Data
Michael Horney, in a blog released by the Free
State Foundation, employed a simplistic
counterfactual analysis to the USTelecom data.16
The blog was released prior to the release of the
2016 data by USTelecom, so 2016 investment
was estimated by Mr. Horney. USTelecom has
since released its official numbers for 2016, so
my replication and extension of Mr. Horney’s
work proceeds with the official numbers.
Consequently, there may be slight differences in
the values computed here and those reported by
Mr. Horney (though I can replicate his results
using his estimates of investment).

(2)

(3)

The prediction for 2015 is $76.5 billion, which is
$0.5 billion above the actual figure. In 2016, the
prediction is $77.9 billion, which is $5.4 billion
above the actual investment level of $72.5
billion. In total, capital spending in 2015 and
2016 is $5.9 billion below the trend, which is
very close to Mr. Horney’s estimate ($5.6
billion), a difference attributable to the new
USTelecom data.

Mr. Horney calculated a counterfactual using a
linear trend based on nominal capital
PHOENIX CENTER PERSPECTIVES 17-08
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but the implications for capital spending in 2016
are comparable. Investment in 2016 is materially
below the forecast and outside the 90%
confidence interval.

Figure 3. Linear Trend, Nominal

Figure 4. Autoregressive Trend, Nominal

Figure 3 illustrates both the data and the trend.
The 90% confidence interval of the forecast for
2015 and 2016 is also provided.18 To address
autocorrelation, the confidence interval is based on
Newey-West errors; bootstrapped standard errors
provide nearly identical results. As illustrated in
the figure, the investment level in 2016 is well
below the trend and well outside the 90%
confidence interval. While the investment decline
in 2015 is close to the trend and within the
confidence interval, the investment decline in 2016
is well below the lower bound of the confidence
interval. The $5.4 billion difference in 2016 is
comparable to my estimate above of $4.5 billion
and is also consistent with the figure used by
Chairman Pai.

Whether one uses the USTelecom or
CTIA data, the reductions in capital
spending for 2016 are large and
inconsistent with the normal
variation in historical spending
levels.

An alternative forecast approach is to apply a
simple autoregressive trend model of the form,
yt =

0

+ 1yt-1 + vt.

(2)

Figure 4 illustrates the results of this
autoregressive trend. The forecast appears to be
a better fit of the variable capital spending data,
PHOENIX CENTER PERSPECTIVES 17-08

As discussed above, the data used by Mr.
Horney includes inflation, is non-stationary, has
a trend (due to inflation), and is auto-correlated.
While the Newey-West errors address, in part,
these problems, the first-differenced series have
much better properties, so I turn to those.
Table 1. Forecast of Differenced Series
($ Billions, Real)

Investment Change

USTelecom

CTIA

Forecast

0.50

0.84

Actual

-4.50

-5.99

-5.0

-6.83

Newey-West

[-3.24, 4.24]

[-4.29, 5.98]

Bootstrapped

[-4.38, 5.39]

[-5.37, 7.05]

Difference
Conf. Interval (90%)

Table 1 summarizes the results from applying a
linear forecast to the differenced series.19
Confidence intervals are computed using
Newey-West or bootstrapped errors. For the
USTelecom data, the forecast change in capital
spending in 2016 is $0.50 billion. Given the
actual change of -$4.5 billion, the implied
reduction in capital spending is -$5.0 billion. The
actual change in spending is outside the 90%
confidence interval (with a smallest lower
bound of -$4.38 billion).20
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Similarly, the forecast change in capital
spending for the CTIA data in 2016 is $0.84
billion. With an actual change of -$5.99 billion,
actual spending is -$6.83 billion below trend.
Again, the change in investment is well outside
the 90% confidence interval (with the smallest
lower bound of -$5.37 billion).
Conclusion
Capital spending in the telecommunications
sector is down significantly in 2016, a year after
the FCC’s controversial 2015 Open Internet Order.
In this PERSPECTIVE, I apply some basic
statistical tests to determine whether the large
reductions in capital spending are abnormal or
broadly consistent with historical changes.
Whether one uses the USTelecom or CTIA data,
the reductions in capital spending for 2016 are
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large and inconsistent with the normal variation
in historical spending levels.
For the USTelecom data, capital spending in
broadband networks is $5 billion below
expectations. For the CTIA data, capital
spending in the wireless industry is about $6
billion below expectations, a decline of 20%.
Again, attributing these shockingly large
reductions in capital spending to the 2015 Open
Internet Order is not permitted absent a
meaningful counterfactual, but the evidence
clearly shows something is afoot in the
broadband business. That said, earlier and more
sophisticated counterfactual analysis suggests
these changes in 2016 are gross underestimates
of the actual investment impact of the Obama
Administration’s regulatory revival at the FCC.
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Method for Evaluating the Shapiro-Francia W' Test for Non-Normality, 32 STATISTICIAN 297-300 (1983); N.M. Razali and Y.B. Wah,
Power Comparisons of Shapiro-Wilk, Kolmogorov-Smirnov, Lilliefors and Anderson-Darling Tests, 2 JOURNAL OF STATISTICAL
MODELING AND ANALYTICS 21-33 (2011) (available at:
http://www.de.ufpb.br/~ulisses/disciplinas/normality_tests_comparison.pdf).
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11

The Newey-West and bootstrapped t-statistics on the lagged dependent variables are: USTelecom (-0.65 and -0.35);
CTIA data (-0.00 and -0.00).

12

13

The smallest bootstrapped value is -5.3%.

14 Ajit Pai Announces Plan to Eliminate Title II Net Neutrality Rules, ARS TECHNICA (April 26, 2017) (available at:
http://newsbreakouts.com/ajit-pai-announces-plan-to-eliminate-title-ii-net-neutrality-rules) (“According to one estimate by
the nonprofit Free State Foundation, Title II has already cost our country $ 5.1 billion in broadband capital investment”).
15

The smallest bootstrapped value is -12.9%.

16 M.J. Horney, Broadband Investment Slowed by $5.6 Billion Since Open Internet Order, FSF BLOG (May 5, 2017) (available at:
http://freestatefoundation.blogspot.com).
17

R.S. Pindyck and D.L. Rubinfeld, ECONOMETRIC MODELS & ECONOMIC FORECASTS (1991), at Ch. 14.

18

This approach imposes symmetry.

There is no meaningful deterministic trend (the regression is not statistically significant), so the analysis is very similar
to that presented in the earlier section. ARIMA modeling produced no useful results as there is no autoregressive
component in the differenced series.

19

20

The lower bound of the bootstrapped confidence interval is -5.4 for USTelecom and -4.4 for CTIA.
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Reclassification and Investment:
An Analysis of Free Press’ “It’s Working” Report
Dr. George S. Ford
May 22, 2017

Introduction
Free Press, a zealous proponent of Internet
regulation, recently released a report on the capital
expenditures of broadband service providers
entitled, It’s Working: How the Internet Access and
Online Video Markets are Thriving in the Title II Era
(hereinafter “Free Press Report”).1 The Free Press
Report, authored by S. Derek Turner, claims that
capital spending by Broadband Service Providers
(“BSPs”) “accelerated” following the Federal
Communications
Commission’s
(“FCC”)
reclassification of broadband Internet access
connections as a Title
II common carrier telecommunications service
in its 2015 Open Internet Order, increasing by
5.3% between 2013-2014 and 2015-2016.2 The
Internet Alliance, a trade group representing the
interests
of
companies
supporting
reclassification, appears to use the Free Press’
data to support the same claim.3

Free Press’ analysis, as usual, fails to meet the
most basic of professional standards, and
involves nothing more than the adding up of
nominal total capital expenditures for a sample
of BSPs and comparing the sums between two
periods. Such simple-minded analysis is
incapable of measuring the effect of a policy
change.4 The relevant question is not whether
capital spending rises or falls in any given year
or pair of years, but whether such expenditures
are below the levels they would have been “but
for” the regulatory intervention. To answer that
PHOENIX CENTER PERSPECTIVES 17-04

question, we need a counterfactual. That is, if
absent a regulatory intervention capital spending
was scheduled to rise by 10% next year (the
counterfactual), but rises by only 5% due to an
intervention,
the
intervention
reduces
investment despite the fact expenditures were
higher. Unlike recent research finding sizable
harmful effects from reclassification, the Free
Press Report offers no counterfactual, so their
Report adds nothing serious to the analysis of
Net Neutrality and reclassification.5

Free Press’ analysis, as usual, fails
to meet the most basic of
professional
standards,
and
involves nothing more than the
adding up of nominal total capital
expenditures for a sample of BSPs
and comparing the sums between
two periods. Such simple-minded
analysis is incapable of measuring
the effect of a policy change.

That said, the Free Press Report does add something
to the debate. Once the most basic adjustment to
the data is made—accounting for inflation—Free
Press’ data show that capital spending fell
significantly in 2016 (-2%). Had investment grown
in 2016 by the amount claimed
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in the Free Press Report (another 3.5% in 2016),
the difference between the predicted and actual
capital spending would be $4 billion. Free Press’
own data, therefore, provides support for the
$3.7 to $5.1 billion investment decline cited by
Chairman Pai when announcing his intent to
review of the 2015 Open Internet Order.6 Like
recently released data by USTelecom and CTIA,
multiple sources are finding substantial declines
in capital spending in 2016.7 While Free Press
wishes to peddle the fairy tale of positive
investment effects, in fact their Report
demonstrates that reclassification has been a
nightmare for the rest of us.

Once the most basic adjustment to
the data is made—accounting for
inflation—Free Press’ data shows
that
capital
spending
fell
significantly in 2016 (-2%). *** While
Free Press wishes to peddle the fairy
tale of positive investment effects, in
fact their Report demonstrates that
reclassification has been a nightmare
for the rest of us.

Free Press Shows a Decline in Investment
As Free Press has done in the past, its most
recent Report draws strong conclusions about
investment based on the flimsiest of evidence.8
For example, Free Press compares the sum of
2013-2014 capital expenditures (in nominal
dollars) to 2015-2016 capital expenditures,
reporting a 5.3% increase.9 Absent a
counterfactual, such evidence says nothing
about the policy change. Also, the FCC’s Open
Internet Order was released in March of 2015,
long after investment decisions were made for
that year (and perhaps a few more years out).
Separating the data into annual spending and
adjusting for inflation tells a much different story
PHOENIX CENTER PERSPECTIVES 17-04

than that offered in the Free Press Report. Table 1
summarizes the real capital expenditures for the
BSPs on a year-to-year basis.10 As shown in the
Table 1, capital expenditures rise between 2013
and 2014, and again rise between 2014 and 2015.
However, the year after the 2015 reclassification
decision, capital spending fell by nearly 2%, or
$1.3 billion. Investment after the 2015 Open
Internet Order is, in fact, down. This decline in
expenditures is hidden by Free Press’ summing
of 2015 and 2016 capital expenditures data and
by their failure to adjust for inflation.11
Table 1. Change in Capital Expenditures
(2013-2016)
Capital
Change from
Prior Year (%)

Year

Expenditures
(2015 dollars)

2013

$71,106,649

…

2014

$71,429,876

0.6%

2015

$73,738,162

3.2%

2016

$72,394,467

-1.8%

Source: Free Press Study; Author’s Calculations.

The decline in capital spending demonstrated by
Free Press is consistent with recent data from
other industry sources. CTIA, for instance,
showing a stunning 17% decline in real capial
spending between 2015 and 2016.12 Estimates of
capital spending constructed by USTelecom,
which are at present preliminary, also indicate
that capital spending declined between 2016 and
2015.13 These data are summarized in Table 3.
For once, all sides of the debate agree—capital
spending is down in 2016.
Table 3. Investment Growth into 2016
Year

Free Press

CTIA

USTelecom

2014

0.6%

-3.0%

0.1%

2015

3.2%

0.0%

-1.7%

2016

-1.8%

-17.0%

-4.5%

Of course, investment levels vary year-to-year for a
variety of reasons, sometimes substantially. In
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some cases, it is the FCC’s “objectionable and
questionable” actions that alter investment
levels.14 As a consequence of the FCC’s DirectTV merger Order, for instance, the Commission
is forcing AT&T to make substantial
investments in building network to places it
may not have gone otherwise.15 The CharterTime Warner merger included similar
conditions.16 Such mandates show up in capital
spending but do not reflect genuine economic
incentives or necessarily increase social wellbeing. The true effects on investment of
reclassification are hard to decipher given
former FCC Chairman Tom Wheeler’s forceful
attempts to cover up such effects using what
amounts to extortion during merger reviews.17
Anything Useful from the Data?
Two interesting questions come to mind when
looking at the decline in investment indicated
by the Free Press data. First, does this $1.3
billion decline in investment measure the true
effect of reclassification, or is the actual
investment effect smaller or larger? Second, is
the 1.8% decline in capital spending consistent
with the annual variability in capital spending
or is it extraordinary in its size? Free Press
answers neither question.

…the
year
after
the
2015
reclassification decision, capital
spending fell by nearly 2%, or $1.3
billion. *** This decline in
expenditures is hidden by Free
Press’ summing of 2015 and 2016
capital expenditures data and by
their failure to adjust for inflation.

With such limited data, it is difficult to say much
of anything about the effects of reclassification on
capital spending, since so little data precludes the
construction of a counterfactual. All we really
PHOENIX CENTER PERSPECTIVES 17-04

know from the Free Press Report is the capital
spending fell in 2016. If capital spending in 2016
would have grown by the amount claimed in the
Free Press Report (5.3%), investment would have
increased by 3.5% in 2016, then total spending in
that year would have been $77.3 billion.18 The
loss in capital spending from reclassification is
nearly $4 billion dollars.
In support of its new Report, Free Press’ press
release barked: “Sorry, Chairman Pai: Your
Investment Numbers Don't Add Up.”19 Yet,
Chairman Pai’s claims of a $3.7 to $5.1 billion
reduction in capital spending following
reclassification is entirely consistent with the
data and claims of the Free Press Report.20 Rather
than rebuttal, Free Press’ data supports
Chairman Pai’s claims (at least under the
assumptions I’ve made).
Conclusion
While the central problem with the FCC’s
reclassification decision is legal, the debate over
the investment effects rage on.21 Free Press’
latest entry into the controversy claims to show
that
investment
has
risen
since
the
reclassification decision. Yet, the Free Press data
indicate otherwise: investment in 2016 is down,
and down $4 billion below the political-interest
group’s claim. The downward move in capital
spending is consistent with the investment
estimates by other industry sources.

In support of its new Report, Free
Press’ press release barks: “Sorry,
Chairman Pai: Your Investment
Numbers Don't Add Up.” *** Rather
than rebuttal, Free Press’ data
supports Chairman Pai’s claims…

While Free Press hoped its study would counter
Chairman Pai’s recent observation that
investment in the industry in down after
PAGE 3
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reclassification, their Report actually lends
support to the Chairman’s claims. Perhaps
inadvertently, Free Press has added to the
growing body of evidence of the harmful effects
of Title II on industry investment. That said, my
official position is that Free Press’ analysis is too
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poorly done and their data are too limited to say
much of anything about the policy effects of Net
Neutrality or reclassification.
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Below the Belt:
A Review of Free Press and the Internet Association’s
Investment Claims
George S. Ford
June 20, 2017

One of the central arguments in the Net
Neutrality debate is over whether the Federal
Communications
Commission’s
(“FCC”)
controversial 2015 decision to reclassify
broadband Internet access as a common carrier
“telecommunications” service had a negative
effect on network investment in 2016. The
evidence is mounting that it did.1 Recent
releases of data from USTelecom and CTIA both
reveal very large reductions in capital spending
by telecommunications firms in 2016.2 Even a
recent report by Free Press—a zealous
proponent of aggressive Internet regulation—
backs up FCC Chairman Ajit Pai’s claim that
investment
declined
subsequent
to
reclassification.3 This anecdotal evidence is
supported by recent econometric research
demonstrates that the Obama Administration’s
regulatory “reign of terror” on Broadband
Service Providers (”BSPs”) has cost the U.S. over
one-hundred
billion
in
infrastructure
investment since 2010.4
Financial data tells a consistent story about
investment in 2016—capital spending is down,
and way down. Free Press believes the consistency
in the data does not carry over to the
BSPs’
advocacy,
however.
Comparing
statements made by BSPs to the FCC and to
Wall Street, Free Press contends that these
apparent inconsistencies imply that the
companies are lying to the Commission and to
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the public about the effect of Title II on
investment.5 The Internet Association—a trade
group of companies favoring aggressive Internet
regulation—recently borrowed from Free Press’s
report to produce an online video summarizing
the Free Press narrative.6

Allegations that someone
is
deliberately
misleading
the
Commission should not be taken
lightly. *** [However, b]oth Free
Press and the Internet Association
omit relevant evidence and
selectively
edit
the
BSPs’
statements to Wall Street and thus,
whether intentional or not, present
a highly-distorted view of the
qualitative evidence.

Allegations that someone is deliberately
misleading the Commission should not be taken
lightly.7 So, in this PERSPECTIVE, I review the
shared evidence across Free Press and the
Internet Association. Doing so makes it clear
that it is Free Press and the Internet
Association—and not BSPs—who are not telling
the whole story. Both Free Press and the
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Internet Association omit relevant evidence and
selectively edit the BSPs’ statements to Wall
Street and thus, whether intentional or not,
present a highly-distorted view of the
qualitative evidence. In one case, the two
entities simply contradict their own policy
prescriptions, using as evidence an investment
deal struck long after the Trump Administration
indicated it would seek to repeal the FCC’s 2015
Open Internet Order.

While Free Press and the Internet
Association want the public to
believe that AT&T is misleading the
public and the Commission on Title
II, Free Press and the Internet
Association’s failure to mention the
AT&T/DirecTV merger as the source
of the financial change reported by
AT&T reveals the true fabulists.

AT&T: Setting the “Record” Straight
The Internet Association’s video begins with a
statement made by John Stephens, AT&T’s
Chief Financial Officer, on the company’s
January-2017 earnings call.8 On that particular
call, Mr. Stephens announced that the company
had $39 billion in cash flow from its operations
in 2016—an amount, according to Mr. Stephens,
that was “a record for us.”9 Mr. Stephens also
stated that the company is “investing more in
capital than we ever had before….” While Free
Press and the Internet Association want the
public to believe such statements speak to the
insignificance of Title II regulation on capital
spending, the statements do not. The sizes of the
figures have an obvious explanation: in July of
2015, AT&T completed its $49 billion purchase
of DirecTV.10
Table 1 includes data on AT&T and DirecTV’s
revenues, cash flow, capital spending, and
PHOENIX CENTER PERSPECTIVES 17-06

property, plant and equipment (“PPE”). In the
year prior to the deal (2014), DirecTV’s revenues
were $33 billion, its cash flow was $6.4 billion,
and its capital spending was $2.9 billion.11 AT&T
had revenues of $132.4 billion, cash flow of $31.3
billion, and capital expenditures of $21.2
billion.12 A combination of these two companies
results in an entity with roughly $165 billion in
revenues, $38 billion in cash flow out, and $24
billion in capital spending. By adding $6 billion
to AT&T’s $31 billion in cash flow (a 20%
increase), it is no surprise that 2016 was a record
for the company. Likewise, DirecTV’s $2.9
billion in capital spending is a 14% positive
bump to AT&T’s capital expenditures, a sizeable
increase.
Table 1. AT&T/DirecTV Merger
($ billions)
2014
AT&T

2016

DirecTV

AT&T

Revenue

132.4

33.3

163.8

PPE

112.9

6.7

124.9

Cash Flow

31.3

6.4

39.3

Cap. Exp.

21.2

2.9

21.5

PPE: Property, Plant, and Equipment

While Free Press and the Internet Association
want the public to believe that AT&T is
misleading the public and the Commission on
Title II, Free Press and the Internet Association’s
failure to mention the AT&T/DirecTV merger as
the source of the financial change reported by
AT&T reveals the true fabulists.
In fact, a closer look at the data reveals that
AT&T’s financial results more plausibly
contradict the claims of Free Press and the
Internet Association. The AT&T/DirecTV
merger was consummated in mid-2015, so let’s
compare financial data from 2014 and 2016.
In 2014, the ratio of cash flow to revenue for the
two companies was 0.1915. Applying this figure
to 2016 revenues ($163.8 billion) produces an
expected Cash Flow of $37.8 billion, which is not
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wholly unlike, but lower than, the actual cash
flow that year of $39.3 billion. In terms of cash
flow, AT&T did a bit better than this naïve
expectation.
Turning to capital expenditures, let’s look at
three ratios of capital spending, all with some
conceptual validity: spending to revenue
(0.1457); spending to property, plant and
equipment (0.2018); and spending to cash flow
(0.64).13 Applying these ratios to the
corresponding base for 2016, a naïve estimate of
capital spending would lie between $24.1 and
$25.2 billion.14 This range is well above actual
capital spending of $21.5 billion. Relative to
expectations, since reclassification, AT&T has
increased cash flow but reduced investment.
The evidence conflicts directly with the Internet
Association’s narrative.
While Free Press and the Internet Association
make a scandal of Mr. Stephens’ observation
that AT&T was “investing more in capital than
we ever had before,” the difference between
2016 and 2014 for AT&T alone (ignoring
DirecTV’s spending in 2014) is only $317 million
(about a 1.5% difference). Making an adjustment
for inflation between the two years, AT&T’s real
capital spending actually fell by $193 million (=
$21.5 – $21.7 billion).15 Appropriately adding
DirecTV’s capital spending to AT&T’s capital
expenditure in 2014 and then making the
comparison with the combined company in
2016, the combination’s capital spending is
down $2.7 billion in nominal and $3.2 billion in
real dollars. AT&T’s investment levels are, in fact,
down significantly in 2016. If you think this type
of data is probative, then it offers a severe
indictment of Net Neutrality regulation.
Free Press and the Internet Association also
point to Mr. Stephens’ mention of the
company’s fiber investments.16 While Mr.
Stephens does mention AT&T’s fiber rollout,
Free Press and the Internet Association fail to
mention that no small part of AT&T’s fiber
investment is the direct result of Chairman Tom
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Wheeler using the merger review authority of
the FCC to extort concessions from AT&T during
the DirecTV merger proceeding (a common
tactic during Obama’s regulatory revival).17
While AT&T had indicated in its merger filing
that it could profitably deploy fiber to 2 million
households, Chairman Wheeler required, as a
condition of the merger’s approval, the company
to deploy fiber to 12.5 million households.18
AT&T’s fiber rollout says more about the Obama
Administration’s abuse of power at the FCC
than it does about Net Neutrality.19

… Free Press and the Internet
Association fail to mention that no
small part of AT&T’s fiber
investment is the direct result of
Chairman Tom Wheeler using the
merger review authority of the FCC
to extort concessions from AT&T
during
the
DirecTV
merger
proceeding (a common tactic during
Obama’s regulatory revival). ***
AT&T’s fiber rollout says more
about the Obama Administration’s
abuse of power at the FCC than it
does about Net Neutrality.
Comcast
Turning to Comcast, Free Press and the Internet
Association point to the following statement
made by Comcast’s CFO Michael Cavanaugh at
during the company’s Q4-2016 Earnings Call:
Through consistent investment and innovation,
we offer the best broadband product on the
market. We double the capacity of our network
every 18 to 24 months. These investments
enhance our competitive position, allowing us to
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grow penetration and market share.20

It is unclear why Free Press and the Internet
Association view this statement as some sort of
“smoking gun.” Much of this statement is
boilerplate earnings-call banter. Comcast is
obviously interested in growing penetration and
market share; profit-maximizing firms consider
such things important. Comcast also invests
billions each year, and likely would do so even
under very heavy-handed regulation, especially
since it customer base continues to grow. No
one has ever claimed that investment would
stop in response to the regulatory revival at the
FCC under the Obama Administration, but only
be less than what it would be under the
alternative of less regulation.21
Indeed, the correct question is not what Comcast
is doing, but what it would have done “but for”
the regulation (the counterfactual).22 Without
Title II, perhaps Comcast would double its
speeds every 12 to 18 months. Econometric
evidence employing a counterfactual analysis
provides strong support for the attenuation of
investment in the telecommunications industry
during the Obama years.23
In fact, this “but for” issue was addressed in the
same earnings call, yet Free Press and the
Internet Association left it out of their advocacy.
The following is an exchange between analyst
Vijay Jayant (Evercore ISI) and Comcast CEO
Brian Roberts from that same call:
Mr. Jayant: … with the prospect of Trumprelated tax reform and a deregulated FCC
philosophy, [] what would you do differently in
terms of investment and return on capital?
Mr. Roberts: … I think regulatory certainty for
investors is the same as it is for management. It
helps you have the confidence to make long-term
plans. And the kind of discussion we’ve been
having this morning, whether it’s fiber or other
investments in in-home equipment, and what
your business opportunities are, the more
uncertainty, the less encouraging it is to want to
PHOENIX CENTER PERSPECTIVES 17-06

invest. So we’re encouraged by the prospect of
rules that we believe will encourage that
investment, stimulate investment, whether that’s
tax decreases or revisiting the authority of the
government to go to places that they said they
weren’t going to, but legally they could go to in
the Open Internet Order with Title II.
So we’re looking forward to working with the
new administration and the new regulatory
leaders to try to frame something that’s good for
consumers, and it gives a stable platform that we
can invest in … .24

Mr. Roberts clearly states the regulatory
overhang of Title II raises uncertainty and curbs
investment incentives. Why did Free Press and
the
Internet
Association
exclude
this
conversation from their respective works? A
plausible explanation is that Mr. Roberts’ views
don’t match so well with the false narrative on
Internet regulation and investment offered by
Free Press and the Internet Association.

… the correct question is not what
Comcast is doing, but what it
would have done “but for” the
regulation (the counterfactual). ***
[T]his “but for” issue was addressed
in [Comcast’s] earnings call, yet
Free Press and the Internet
Association
appear
to
have
(strategically) left it out of their
advocacy.

Verizon
For Verizon, Free Press and the Internet
Association offer as evidence the April 2017
announcement that Verizon will purchase $1.05
billion worth of fiber from Corning.25 The deal
spans three years (2018, 2019, and 2020), so it
amounts to a $350 million contribution to
Verizon’s capital spending per year, on
PAGE 4
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average.26 Verizon buys a lot of fiber, and
Verizon’s CFO Matt Ellis describes Corning as a
company “with whom we have a long
relationship.”27 As an initial matter, it is not
clear whether this deal with Corning represents
an expenditure that is out of the ordinary.
What’s surprising about the use of this
agreement by Free Press and the Internet
Association is that the deal was announced five
months after Donald Trump was elected
President and three-months after Ajit Pai was
selected as FCC Chairman.28
To anyone who even casually follows the
telecom debate, it should have come as no
surprise that the reversal of the FCC’s
controversial 2015 Open Internet Order was going
to be at the top of the Trump Administration’s
telecom policy priorities list. On November 22,
2016, just two weeks after the election, USA
TODAY reported that Net Neutrality was headed
for the “ax under Trump.”29 One month later,
Ajit Pai—by then the presumptive nominee for
Chairman of the FCC—announced that it was
time to “fire up the weed whacker and remove
those rules that are holding back investment,
innovation, and job creation”—a clear reference
to reclassification.30 Thus, the question of
whether the Trump Administration would
reverse reclassification was not “if,” but
“when.”31 To argue that Verizon and Corning—
two sophisticated business entities—believed
that the heavy-hand of Title II would continue at
the time they signed the deal strains credulity.
Indeed, the Verizon/Corning deal is compelling
evidence of what may happen after the
reclassification decision is reversed. Let’s look at
the timing. Since the 2015 reclassification
decision, analysts have looked to changes in
2016 investment levels. In 2017, the FCC is likely
to overturn the reclassification decision.
Consequently, analysts will now look for the
effects of that decision in the investment
numbers from 2018, the same year the
Verizon/Corning deal triggers.
Verizon’s
PHOENIX CENTER PERSPECTIVES 17-06

capital spending averages around $17 billion in
recent years, so the Corning deal represents
about 2% of Verizon’s annual capital spending.
It appears, therefore, that the argument for the
positive effects of returning to a Title I world
already has some support.32 Rather than provide
damning evidence that reclassification did not
stymie
investment,
if
anything
the
Verizon/Corning deal is a resounding statement
that the industry now believes that the Obama
Administration’s eight year “reign of terror” on
the economic profits of BSPs is rapidly coming
to a close and it is time to begin re-investing in
their networks.33

Rather than provide damning
evidence that reclassification did
not stymie investment, if anything
the Verizon/Corning deal is a
resounding statement that the
industry now believes that the
Obama Administration’s eight year
“reign of terror” on the economic
profits of BSPs is rapidly coming to
a close and it is time to begin reinvesting in their networks.

Conclusion
While reasonable minds can certainly differ over
statutory language and case law interpretation,
allegations of perjury are no laughing matter.
Both Free Press and the Internet Association
have leveled a direct charge that major BSPs
have deliberately misled the Commission,
saying one thing to the Agency and another to
Wall Street.
In this PERSPECTIVE, I show how Free Press and
the Internet Association offer the public a
highly-distorted view of the BSPs’ public
response to reclassification. In fact, if anything,
the examples used by Free Press and the
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Internet
Association
demonstrate
the
detrimental effects of Title II regulation, as well
as show how low these groups will go to
maintain the special interest regulation. Despite
the hope of more rigorous analysis of Net
Neutrality under the Trump Administration,
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some parties seeking to influence the Agency (or
Congress) remain firmly entrenched in the
“economics-free zone” of the prior
administration.
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Broadband Speeds Post-Reclassification: An Empirical Approach
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The Federal Communications Commission
(“FCC”) recently released a Notice of Proposed
Rulemaking in which it proposed to reverse the
Obama Administration’s controversial 2015
Open Internet Order.1 Accordingly, stakeholders
are actively in search of evidence for the “good”
and “bad” of the decision to reclassify
broadband
Internet
service
from
an
“information service” to a common carrier
“telecommunications service” under Title II of
the Communications Act, an arcane legal regime
almost no one understands.2
Recently, without any reference to the Net
Neutrality debate, the cable industry trade
association NCTA made the unsurprising
observation that broadband speeds in the U.S.
continue to rise, as they always have.3 Seeing all
things through the lens of Net Neutrality these
days, Public Knowledge Senior Vice President
Harold Feld immediately laid claim to the trend,
asserting that the data in NCTA’s post supports
the FCC’s reclassification decision. According to
Mr. Feld, the speed trend confirms that the
“Title II Virtuous Circle” is “totally working”
because “the rate of [broadband speed] increase
has accelerated since the FCC adopted the Title
II Reclassification Order in February 2015.”4
Mr. Feld’s empirical claim appears based solely
on his casual and visual inspection of the data.
Visual inspection is useful for some purposes,
but the claim of an “acceleration” in speed
increases is difficult to support without more
formal statistical analysis. So, in this
PERSPECTIVE, I apply a battery of statistical and
graphical approaches in search of evidence of an
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extraordinary change in the U.S.’s average
broadband speed.

[A]ll the statistical procedures
detect a statistically significant
decline in the rate of average
broadband speed increases for the
U.S. subsequent to the 2015 Open
Internet Order, and the graphical
analysis supports these findings. ***
[“B]ut for” the FCC’s 2015 Open
Internet Order, U.S. broadband
speeds would have been about 10%
higher—or about 1.5 Mbps faster—
on average.

As I demonstrate below, all the statistical
procedures detect a statistically significant
decline in the rate of average broadband speed
increases for the U.S. subsequent to the 2015
Open Internet Order, and the graphical analysis
supports these findings. Indeed, accepting Mr.
Feld’s theory about the relationship between
speed and reclassification, “but for” the FCC’s
2015 Open Internet Order, U.S. broadband speeds
would have been about 10% higher—or about
1.5 Mbps faster—on average. Thus, in direct
contradiction to Public Knowledge’s claim,
reclassification appears to have significantly
retarded expected broadband speed increases.5
It seems that the 2015 Open Internet Order has
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broken the virtuous circle (to the extent such a
thing exists).6
Conceptual Background
As usual, Mr. Feld’s argument is a-theoretic—
perhaps forgivable in that he is an attorney and
not an economist (and holds economics, except
when done poorly by non-economists, in low
regard).7 Though Mr. Feld’s writing style is
informal and peppered with characteristic sass,
it is possible to piece a story together about how
Mr. Feld believes the speed data relate to Net
Neutrality. Note that in quoting his blog, I retain
Mr. Feld’s slang in the form of run-on words.
At the center of Mr. Feld’s argument is the
Akamai speed data, which he claims show “the
rate of increase [in the U.S. average broadband
speed] has accelerated since the FCC adopted
the Title II Reclassification Order in February
2015.”
Mr.
Feld
claims
this
alleged
“acceleration” in speed confirms his “prediction
that non-discrimination (and Title II) lead to
fasterbetterbroadband,” [sic] and demonstrates
that the “Title II Virtuous Circle” is “totally
working.”
In his discussion, Mr. Feld sets forth a very clear
“theorem” about the pace of speed changes and
the desirability of Title II and the effectiveness of
the virtuous circle. According to Mr. Feld’s
logic,
If the pace of speed increases accelerates,
then Title II is “good” and the virtuous circle
is working;
But if the pace of speed increases
decelerates, then Title II is “bad” and the
virtuous circle is broken.
Of course, if the pace of speed increases is
unchanged, then the data offer no new insight
on the impact of the reclassification decision.
Thus, we are left with an empirical question—
has the pace of speed increases changed
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following the 2015 Open Internet Order? An
empirical question requires an empirical answer.
Fortunately, since the Akamai speed data is
readily available, Mr. Feld’s theorem is directly
testable.

[I]n direct contradiction to Public
Knowledge’s claim, reclassification
appears to have significantly
retarded expected broadband speed
increases. It seems that the 2015
Open Internet Order has broken the
virtuous circle (to the extent such a
thing exists).
Statistical Analysis
According to Mr. Feld’s theorem on speeds and
reclassification, the change in the pace of speed
increases determines whether reclassification is
“good” or “bad” and whether the “virtuous
circle” is working or broken. With the publiclyavailable Akamai data, it is straightforward to
apply statistical methods to determine whether
the pace of speed increases post-reclassification
has accelerated, decelerated, or remained the
same.
In applying these methods, there are a number
of considerations. First, what is the relevant date
to test for a change? Over this period, important
dates to consider include: (1) 4Q14, President
Obama’s YouTube video encouraging Chairman
Wheeler to adopt a Title II approach to Net
Neutrality;8 (2) 1Q15, the release of the 2015
Open Internet Order in February;9 (3) 4Q16,
Donald Trump is elected President and the
media reports that the 2015 Open Internet Order
will get the “ax”;10 and (4) 1Q17, the first quarter
of the Trump Administration and the
appointment of Ajit Pai as FCC Chairman.11
As for the reclassification “treatment date,”
plausible arguments may be made for either
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PERSPECTIVES

4Q14 or 1Q15, since it was abundantly clear
President Obama’s YouTube video redirected
Chairman Tom Wheeler to reclassification.12 In
an event study like this one, the nexus of
treatment to outcomes may arise when the
treatment is inevitable, not when it is
formalized. For instance, a company’s stock
price may decline on news or expectations of
poor earnings long before an official earnings
report is released. I will consider both quarters
(4Q14, 1Q15) as treatment dates in my analysis.
I exclude from the sample 1Q17, the last quarter
of data available, since two weeks after the 4Q16
presidential election USA TODAY reported that
reclassification was headed for the “ax under
Trump.”13 One month later, then-FCC
Commissioner Ajit Pai—President Trump’s
choice for FCC Chairman—announced that it
was time to “fire up the weed whacker and
remove those [Net Neutrality] rules that are
holding back investment, innovation, and job
creation.”14 In future empirical research, 1Q17
and possibly 4Q16 (when Obama “advised”
FCC Chairman Tom Wheeler to reclassify in a
YouTube video) will serve as the treatment date
for the (likely) return of broadband to Title I
status, so including it in an analysis of the Title
II treatment period is inappropriate.15
Also, there is the issue of “acceleration” or
“deceleration.” Average broadband speeds
increase over time—it’s what they do. Thus, to
determine whether the pace has increased or
decreased requires a counterfactual. That is,
what would the pace of broadband speed
increases been “but for” the 2015 Open Internet
Order? There a few ways to formulate a
counterfactual. I choose two approaches. First, I
gather a group of controls from other countries
also appearing in the Akamai data. As detailed
below, this control group is chosen so that the
countries closely match the speed levels and
trends for the U.S. prior to the 2015 Open Internet
Order. Second, a counterfactual can be
constructed by using historical speed increases
in the U.S. to forecast future speed increases.
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Average broadband speeds increase
over time—it’s what they do. Thus,
to determine whether the pace has
increased or decreased requires a
counterfactual. That is, what would
the pace of broadband speed
increases been “but for” the 2015
Open Internet Order?
At First, Keep It Simple
To begin, let’s keep the analysis quite simple. In
Figure 1, the Akamai speed data for the U.S. is
illustrated in both the level and natural log
transformation. While it is risky to draw strong
conclusions by simply looking at the graph, I
detect no material increase in the pace of
increases following 1Q15, which is indicated by
the vertical line. If anything, the visual
inspection suggests the opposite—a slight
decline in the pace of increase.
Figure 1. Akamai Speed Data: 1Q12 - 4Q16

Some descriptive statistics may shed some light
on this empirical question. In 2012, average
broadband speed in the U.S. was 6.08 Mbps. By
2014, average speed had increased to 11.13
Mbps, an 83% increase. After the 2015
Open Internet Order, speeds averaged 14.22
Mbps. From 2014, the increase in speed was
28%, which is obviously much lower than the
pre-reclassification speed increase between 2012
and 2014. Moving clear of the 2015 Open
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Internet Order, the average speed in 2016 was
15.77 Mbps, a 42% increase since 2014. This
percentage growth is about half that observed in
the two-years preceding the 2015 Open Internet
Order. In the levels, speeds after reclassification
rose 3.1 Mbps whereas before it rose 5.5 Mbps.
Speeds are rising slower after reclassification.

Thus, we are left with an empirical
question—has the pace of speed
increases changed following the
2015 Open Internet Order? An
empirical question requires an
empirical answer.
Adding a little rigor to the inspection of the
figure and the descriptive statistics, I estimate
the average rate of growth rate before and after
the 2015 Open Internet Order.16 The growth rates
for the two periods are computed using a spline
function,
ln(yt ) =

0

+ 1t+ 2R(t – t*) + et,

(1)

where ln(yt) is the natural log of average speed
in the U.S. in quarter t, t is a quarterly trend
variable, t* is the quarter of the treatment date,
R is a dummy variable that equals 1 after the
2015 Open Internet Order (0 otherwise), and et is
the econometric disturbance term.17 Because of
the natural log transformation, the coefficient 1
measures the average instantaneous growth rate
in the pre-treatment period, and 2 measures the
average instantaneous growth rate in the
treatment period. (Or, the coefficients measure
the trends in log speeds).
To begin, I set the treatment date at 1Q15. Prior
to the treatment, speeds were growing at an
average rate of 6.5% ( 1 = 0.0646).18 After
reclassification, the average growth rate fell to
3.8% ( 2 = 0.0382).19 The difference in average
growth rates is 2.6 percentage points, a
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difference that is statistically significant at better
than the 5% level.20
Switching to the treatment date of 4Q14, the pretreatment average growth rate is 6.5%, while the
average growth rate in the treatment period is
3.9%.21 Again, the difference in the average
growth rates is statistically different from zero at
better than the 5% level.22
Figure 2. Change in Average Growth
U.S. Speed
Spline Function

Figure 2 includes the actual speed data and the
prediction from the regression (with the 4Q14
treatment date). These results are consistent
with the visual inspection of Figure 1 and the
descriptive statistics—the pace of growth of
broadband speeds has decelerated since
reclassification. So, based on this simple
analysis, it appears that the Feldian theory of
reclassification and speed holds that Title II is
“bad” and the “virtuous circle” is broken.
Difference-in-Differences Estimator
The simple approach above compares growth in
the past using only U.S. data. We do not have
from this analysis any idea as to what speed
increases might have looked like without the
2015 Open Internet Order, or with an order
adopting the Title I approach to Net Neutrality.
We can up the sophistication a bit to get further
evidence on this apparently important question
for Net Neutrality advocacy by constructing a
counterfactual using comparable countries.
One way to approach the impact
reclassification on speed, if there is any, is to

of
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look for an extraordinary jump in average
speeds in the U.S. as a result of the 2015 Open
Internet Order with reference to a counterfactual.
To do so, I employ the standard formulation of
the regression based difference-in-differences
estimator (“DiD”):
yit = D + t + i + it,

(2)

where yit is the the average speed of broadband
connections in country i at time t, D is a dummy
variable that equals 1 for the U.S. during the
period following reclassification (0 otherwise), i
is fixed effect for each country in the sample i, t
is a time fixed effect common to all observations
in time t, and it is the econometric disturbance
term that is assumed to be distributed
independently of all and .23 I use both the level
and natural log transformation of speed in my
analysis because there was no strong evidence
pointing to the superiority of one or the other.
As noted above, average broadband speeds
increase; they always have. Consequently, to
determine whether an increase is extraordinary
in some sense, a counterfactual is required. That
is, what would average speeds in the U.S. been
absent reclassification? For that purpose, I need
a control group.
Control countries are selected based on two
technical criteria. First, broadband speeds have
an inherent scale, so the control pool is limited
to countries with similar speeds (±15%) to the
U.S. in 2012 (the first year of data) and 2014 (the
last year before reclassification), thereby
ensuring the countries are comparable during
the pre-treatment period.24
Second, the control group must satisfy the
parallel paths assumption, which holds that the
pattern of outcomes for the control group after
the treatment is an unbiased estimate of what
would have happened to the treated group had
the treated group not received the treatment.
The assumption is untestable, but researchers
typically apply visual inspection and a test of
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equal growth rates prior to the treatment to lend
credibility to the assumption.25 I do both for
countries surviving the first selection criteria.26

Contrary to Mr. Feld’s naïve
assertion that Title II had an
accelerating effect on speed, the
data reveal that average speeds are
lower than where they should have
been “but for” reclassification.
While average speeds are up, the
U.S. is lagging behind expectations.

The final control group includes five countries:
Belgium, Denmark, Finland, Norway, and the
United Kingdom.27 Figure 3 illustrates the speed
data (in levels) for the U.S. and control countries
for the 12 quarters in the pretreatment. The pre-treatment trends and average
speeds are alike.
Figure 3. Pre-Treatment Speed Trends
F

U.S.
D
US

B

N
UK

We can get a feel what to expect from the
statistical analysis by looking at the average
speeds over time. In Table 2, average speeds are
summarized for the six countries in years 2012
(the initial period), 2014 (the year prior to the
treatment), and the treatment period. In 2012,
speeds were around 6 Mpbs, and by 2014
average speeds had nearly doubled to around 10
to 11 Mbps. During the treatment period,
average speeds had risen to between 12 to 18
Mbps. As shown in the final column, the U.S.
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is at the bottom of the percentage speed
increases for the sample of countries after
reclassification. U.S. average speed increased
83% between 2014 and 2012, but only 27.8%
between 2014 and the treatment period.
Table 2. Average Speeds (Mbps)
Country

2012

2014

2015+

Increase
(2014, 2015+)

U.S.

6.08

11.13

14.22

27.8%

Belgium

6.58

10.85

13.92

28.3%

Denmark

6.91

11.24

15.66

39.3%

Finland

6.84

11.41

16.45

44.2%

Norway

5.84

10.82

18.05

66.8%

U.K.

5.43

10.62

13.89

30.8%

Turning to the more formal statistical analysis,
Equation (2) is estimated with 120 observations,
with 6 countries and 20 observations each.28 In
this first model, I set the treatment date at 1Q15.
The regression explains 95% of the variation in
the dependent variable (as quantified by the R2).
Results are summarized in Table 3. The
standard and robust t-statistics are provided, as
well as the clustered t-statistics. Given the small
number of countries in the sample, the latter are
computed using the t-percentile method and the
wild bootstrap.29

y

ln(y)

Coef:

-1.433

-0.088

T-Statistic

-2.74**

-2.37**

Robust T-Statistic

-4.33***

-3.93***

-1.58*

-1.48**

Clustered T-Statistic
Stat. Sig. * 10%, ** 5%, *** 1%.

Whether using y or ln(y) as the dependent
variable, the DiD estimator ( ) is negative. On
average, the U.S.’s average speed is 1.43 Mbps
lower than the counterfactual in the treatment
period. This difference is statistically significant
at the 5% level or better (with one exception at
the 10% level or better).30 Using the natural log
transformation of speed, the estimated
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Based on these results, I can reject the null
hypothesis of “no relative speed difference” for
the U.S. following the 2015 Open Internet Order.
Contrary to Mr. Feld’s naïve assertion that Title
II had an accelerating effect on speed, the data
reveal that average speeds are lower than where
they should have been “but for” reclassification.
While average speeds are up, the U.S. is lagging
behind expectations.
Next, I set the treatment date to 4Q14, when
President Obama’s YouTube video encouraging
his political appointee to reclassify broadband.32
By most accounts, reclassification was inevitable
at the moment. Results from Equation (2) are
summarized in Table 4, and are very similar to
those in Table 3, so I won’t discuss them further.
Table 4. DiD Estimates, Treatment 4Q14
Dep. Variable =

y

ln(y)

Coef:

-1.356

-0.085

T-Statistic

-2.62**

-2.32**

Robust T-Statistic

-4.21***

-3.79***

-1.61*

-1.50**

Clustered T-Statistic
Stat. Sig. * 10%, ** 5%, *** 1%.

Table 3. DiD Estimates
Dep. Variable =

coefficient is -0.088, indicating the U.S. is about
8.4% below the counterfactual.31 The coefficient
is also statistically different from zero at the 5%
level or better.

Normally, researchers create a buffer between
the pre-treatment and treatment periods by
excluding periods in and around the treatment
date (permitting some time for outcomes to
adjust to new conditions). For the results in
Table 5, I exclude (a) the first two quarters of
2015, (b) all four quarters of 2015, and (c) 4Q143Q14 as buffers.33
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Table 5. Treatment Buffers
Excluded Period

:y

: ln(y)

None

-1.433***

-0.088***

1Q15-2Q15

-1.695***

-0.101***

1Q15-4Q15

-1.695***

-0.094***

4Q14-3Q15

-1.735***

-0.100***

Stat. Sig. (t-stat) * 10%, ** 5%, *** 1% (Robust T-Stat).

In all three cases, the DiD estimator gets larger
(in absolute value) and the DiD coefficients
remain statistically different from zero at the 5%
level or better. After reclassification, the U.S. is
lagging behind expectations in average
broadband speed. “But for” the FCC’s 2015 Open
Internet Order, U.S. broadband speeds would
have been about 10% higher, or about 1.5 Mbps
faster, on average.
Simple Forecasts
Given that Mr. Feld’s claim focuses on a visual
assessment of the Akamai data, I employ a
simple forecast of average speed to add a more
visual aspect to the analysis. This forecast can be
compared to the actual average speed to
determine whether there has been an
acceleration of speed increases. There is not a lot
of data here and the forecast extends many
quarters forward, so there is an obvious data
limitation. Nonetheless, a sliver of rigor might
improve the assessment of the data, but the lack
of data should be taken into consideration, as it
is with the construction of the confidence
intervals around the forecast.
This forecast approach has a slightly different
interpretation than the DiD approach. In the
DiD method, the average speeds in the U.S. are
compared, in some way, to the average speeds
in a comparable set of countries that serve as the
counterfactual.34 Here, I am forecasting the U.S.
average speed using U.S. data. Thus, this
comparison is one of the U.S. to the U.S., so to
speak, at least as forecasted from historical data.
This approach is more consistent with the spline

PHOENIX CENTER PERSPECTIVES 17-07

function of Equation (1) and Figure 2 than it is
the DiD estimator.
Given data limitations, I employ the most basic
of forecast models:
yt =

0

+ 1t + t,

(5)

where yt is defined as before and t is a quarterly
trend.35 The parameters of the forecast equation
are estimated using data from 1Q12 through
3Q14 (to stay clear of the reclassification
decision), and the estimated equation is then
used to predict speeds in the treatment period.36
Figure 4 illustrates the results for the level of
speed (y), including the 90% confidence bands.37
As shown in the figure, the actual speed levels
are mostly below the forecast and typically
below the lower confidence limit. Speed is
increasing, which is nice, but the figure suggests
speeds are about 1.2 Mbps under expectations
(consistent with the DiD estimates).
Figure 4. Linear Forecast, y
U.S. Speed
U.S. Forecast

Forecast Period

In Figure 5, the forecast for the natural log form
of the dependent variable is illustrated. The
transformation is important. Now, the actual
speeds in the U.S. are well below the forecast
(about 4.2 Mbps), consistently lying below the
lower bound of the 90% confidence bands.
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Figure 5. Linear Forecast, ln(y)
U.S. Speed
U.S. Forecast

cleaner look at the trend. I apply a very low
smoothing parameter for quarterly data ( = 2) to
avoid aggressive smoothing.39 The filtered data
are illustrated in Figure 7.
Figure 7. Smoothed Trends (y)
N

Forecast Period

D
F
US
B
UK

Including a one-period lag of y in the forecast
equation results in the forecast and confidence
limits shown in Figure 6. Now, the actual speed
is consistently below the lower limit of the
confidence interval, and the average loss of
speed increases for the U.S. is 1.8 Mbps.
Figure 6. Trend Forecast with Lag, y
U.S. Speed
U.S. Forecast

Forecast Period

Forecast Period

The trend is U.S. speed is shown as the solid
line, the vertical line indicates 4Q14. Countries,
from largest to smallest in the last period, are
Norway, Denmark, Finland, the U.S., Belgium
and the U.K. (the last two being essentially
equal). Visually, we see that speed in the U.S.,
while increasing, is unremarkable since
reclassification, perhaps declining in the growth
rate.40
Figure 8. Synthetic Counterfactual (y)
U.S. Actual

The forecast results are consistent with the DiD
estimates. The trend forecasts indicate that
speeds are increasing at a rate below
expectations. The evidence reveals a slowing
down of speed growth in the U.S. since the 2015
Open Internet Order. Contrary to Mr. Feld’s
claims, speed increases have not “accelerated,”
but have decelerated following reclassification.
Graphical Methodologies
There are (at least) two other potentially
interesting
empirical
methodologies
for
assessing the data. First, in order to more clearly
see the trends in the data, I apply the HodrickPrescott Filter to the speed data over the entire
sample.38 This filter decomposes the trend in a
series from its dynamic component, providing a
PHOENIX CENTER PERSPECTIVES 17-07

U.S. Synthetic

Treatment Period

Figure 8 presents the results of the method of
Synthetic Counterfactual. Without going into
the
technical
details,
the
Synthetic
Counterfactual is a linear combination of the
control group that best fits the U.S. data in the
pre-treatment period.41 This linear combination
is used to construct a counterfactual during the
treatment period. The results show that the
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actual average speed in the U.S. after
reclassification is below the counterfactual.
In the treatment period, the average difference
between the actual and counterfactual speed is
1.22 Mbps. In 2016, the average difference
between the actual speed and the counterfactual
is about 1.5 Mbps. These differences are
consistent with the statistical analysis presented
above.

The trend forecasts indicate that
speeds are increasing at a rate
below expectations. The evidence
reveals a slowing down of speed
growth in the U.S. since the 2015
Open Internet Order. Contrary to
Mr. Feld’s claims, speed increases
have not “accelerated,” but have
decelerated
following
reclassification.
Speeds and Economic Welfare
In this PERSPECTIVE, I have taken Mr. Feld’s
theorem about speed and reclassification at face
value. In fact, it is difficult to conceive of a
unambiguous theoretical connection between
Title II and speed increases. Average speed is
the result of many factors, including availability
(which is largely determined by past
investments), measurement methods and
anomalies, and, critically, the adoption choices
of consumers.
At my home, for instance, I can purchase the
standard connection of 60 Mpbs—which I do—
or upgrade to a faster connection of 300 Mbps,
which I can’t see needing for many years. If I
upgraded my connection, I would contribute to
a faster national average rate, even though
nothing has changed in the speed offerings of
my provider. Also, average speeds will tend to
PHOENIX CENTER PERSPECTIVES 17-07

increase as cable’s share of the broadband
market increases, as it has since the 2015 Open
Internet Order.42 I doubt Mr. Feld would take this
as a beneficial effect of reclassification.
By the same math, a highly successful Connect
America Fund program, which requires only a
10 Mbps connection to receive funding, will
drag down the national average speed.43
Consequently, a slower growth in average speed
may signal more broadband adoption in highercost and previously unserved areas, which is a
good thing.
Up to a point, higher speeds for a given
customers are beneficial. Average speeds across
the nation, however, encapsulate many
considerations. Plainly, economic welfare has no
obvious relationship to average broadband
speeds, and economic welfare is the standard by
which policy is judged.

Up to a point, higher speeds for a
given customers are beneficial.
Average speeds across the nation,
however,
encapsulate
many
considerations. Plainly, economic
welfare has no obvious relationship
to average broadband speeds, and
economic welfare is the standard by
which policy is judged.

Conclusion
Despite eight years of harassment by the Obama
Administration’s FCC, broadband providers
continue to offer quality services to the
American public. Average download speeds are
increasing, but they are expected to with or
without reclassification. There’s no reason
speed should decline. Also, speeds are
increasing in other, comparable countries as
well. On the question of whether speeds are
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improving relatively faster in the U.S. following
the 2015 Open Internet Order, the statistical
evidence suggests the trend and growth in
broadband speeds are below expectations
subsequent to reclassification.
In some respects, the future looks bleak. Because
of the regulatory revival at the FCC under the
Obama
Administration,
investment
in
telecommunications networks is far below
expectations and declined in 2016, which, in
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turn, may reduce relative broadband speeds far
into the future.44 Consumers will deal with the
worst of the Obama Administration’s regulatory
excesses in future years, though we can hope
that better policies put forth today are an elixir,
fully restoring investment incentives in
broadband networks.
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neutrality policy in the EU, see generally, Zero Rating Practices in Broadband Markets, Report Prepared for the European Union,
Directorate-General
for
Competition
(February
2017)
(available
at:
http://ec.europa.eu/competition/publications/reports/kd0217687enn.pdf); C. Marsden, Comparative Case Studies in
Implementing Net Neutrality: A Critical Analysis of Zero Rating, 13 SCRIPTED 1 (May 2016) (available at: https://scripted.org/wp-content/uploads/2016/04/marsden.pdf); L. Belli and C.T. Marsden, European Net Neutrality, At Last?,
OPENDEMOCRACY
(October
4,
2016)
(available
at:
http://www.opendemocracy.net/luca-belli-christopher-tmarsden/european-net-neutrality-at-last); S. Mlot, EU Approves Net Neutrality Rules, Critics Pounce, PC MAG (October 28,
2015) (available at: http://www.pcmag.com/article2/0,2817,2493948,00.asp); Regulation (EU) 2015/2120 of the European
Parliament and of the Council, Office Journal of the European Union (November 25, 2015) (available at: http://eurlex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32015R2120&from=EN); E. Woollacott, Votes for Net Neutrality in
No Uncertain Terms, FORBES (April 3, 2014) (available at:
http://www.forbes.com/sites/emmawoollacott/2014/04/03/europe-votes-for-net-neutrality-in-no-uncertainterms/#51b04f374e00).
The equality of growth rates prior to the treatment period cannot be rejected at standard significance levels (t-stat =
0.89).
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J. Wooldridge, INTRODUCTORY ECONOMETRICS (2003) at pp. 344-7; D. Gujarati, BASIC ECONOMETRICS (1995) at pp. 171-2.
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For details, see, e.g., A. Abadie, A. Diamond, and J. Hainmueller. Comparative Politics and the Synthetic Control Method, 59
AMERICAN JOURNAL OF POLITICAL SCIENCE 495-510 (2015); A. Abadie, A. Diamond, and J. Hainmueller, Synthetic Control Methods
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STATISTICAL ASSOCIATION 493-505 (2010). The weights are: Belgium (0.217), Denmark (0.288), Finland (0.22), Norway (0.137),
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FCC Connect America Fund (available at: https://www.fcc.gov/general/connect-america-fund-caf).

44

See Ford, supra n. 12.

PHOENIX CENTER PERSPECTIVES 17-07

PAGE 14

Telecommunications
Law Resource Center
Reproduced with permission from Telecommunications Law Resource Center, 2015 TERCN 1, 5/18/15. Copyright
2015 by The Bureau of National Affairs, Inc. (800-372-1033) http://www.bna.com

Bait-and-Switch—Or Why the FCC’s ‘Virtuous Circle’ Theory is Nonsense
BY DR. GEORGE S. FORD
or the past ten years, the Federal Communications

F

Commission (FCC) has struggled to write legally-defensible

net neutrality rules. This March, under heavy political pressure from
the White House, the FCC voted out another set of rules, this time
invoking the proverbial ‘‘nuclear option’’ of reclassifying both wireline and wireless broadband Internet access as a Title II common
carrier telecommunications service.1 As to be expected, the appeals
process (for the third time) is now underway in earnest.2 While the
various legal infirmi-ties of the Commission’s arguments are
well-documented,3 absent from the discussion has been any analysis
of the Commission’s central economic justifi-

cation for its radical intervention into the market— namely, the
Commission’s theory of a ‘‘virtuous circle’’ or ‘‘virtuous cycle’’
of investment.4 As I show below, while many take the
Commission’s ‘‘virtuous circle’’ theory as accepted Gospel, the
truth is that the Commis-sion, in fact, adopted what I would
describe as an ‘‘un-vituous circle’’ theory of investment under
which profit-maximizing firms will do things willingly and knowingly to reduce the demand for their products, which will
somehow lead to increased profits, which in turn will lead to
reduced broadband investment. As the Commission’s logical flow
cannot be squared with the plain language of the Commission’s
depiction of the ‘‘virtuous circle’’ (or likely any plausible
economic model either), the Commission’s core economic rationale for imposing Title II regulation on the Internet rests on shaky
ground.

1

In the Matter of Protecting and Promoting the Open Internet, FCC 15-24, REPORT AND ORDER ON REMAND, DECLARATORY RUL-

__ FCC Rcd __ (rel. March 12, 2015) (hereinaf-ter ‘‘2015
Open Internet Order’’).
ING, AND ORDER,

2 See, e.g., Brooks Boliek, FCC Net Neutrality Rules Hit With New
Telecom Lawsuits, POLITICO (April 14, 2015) (avail-able at:
http://www.politico.com/story/2015/04/net-neutrality-lawsuit-ctia116957.html).
3 See, e.g., Lawrence J. Spiwak, You Can’t Innovate When You Have
To Litigate, THE HILL (April 13, 2015) (available at:
http://thehill.com/blogs/pundits-blog/technology/238571-you-cantinnovate-when-you-have-to-litigate); Lawrence J. Spiwak, The FCC’s
Legal Gymnastics: Why Wheeler’s Title II Approach to Network
Neutrality Will Lead to Litigation, MULTICHANNEL NEWS (February 23, 2015)
(http://www.multichannel.com/blog/ mcn-guest-blog/fccs-legalgymnastics/388213); George S. Ford and Lawrence J. Spiwak, Tariffing
Internet Termination: Pric-ing Implications of Classifying Broadband as
a Title II Telecommunications Service, 67 FEDERAL COMMUNICATIONS LAW JOUR1 (2015); Lawrence J. Spiwak, What Are the Bounds of the FCC’s
Authority over Broadband Service Providers?—A Re-view of the Recent Case
Law, 18 JOURNAL OF INTERNET LAW 1 (2015); George S. Ford and Lawrence J.
Spiwak, Section 10
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Background: The ‘Virtuous Circle of Investment’.

The Commission first laid out the notion of a ‘‘virtuous circle’’ in its
2010 Open Internet Order,5 and again em-braced this argument in its
2015 Open Internet Order:
The Internet’s openness [] enables a virtuous circle of inno-vation in
which new uses of the network—including new content, applications,
services, and devices—lead to in-creased end-user demand for
broadband, which drives net-work improvements, which in turn lead to
further innova-tive network uses. [] Each round of innovation
increases the value of the Internet for broadband providers, edge providers, online businesses, and consumers.6

Certainly, this idea of a ‘‘virtuous circle’’ sounds nice, so much
so that the D.C. Circuit appears to have bought into the idea in
Verizon v. FCC, concluding ‘‘the Com-mission [had] more than
adequately supported and ex-plained its conclusion that edge
provider innovation
Forbearance: Asking The Right Questions To Get The Right Answers, 23
COMMLAW CONSPECTUS 126 (2014).
4
See, e.g., 2015 Open Internet Order, supra n. 1 at ¶ 127 (‘‘because
of the very real concerns about the chilling effects that preferential
treatment arrangements could have on the virtuous cycle of innovation,
consumer demand, and invest-ment, we adopt a bright-line rule banning
paid prioritization arrangements.’’)
5
See In re Preserving The Open Internet, FCC 10-201, 25 FCC Rcd
17905, REPORT AND ORDER (rel. December 23, 2010) (hereinafter ‘‘2010
Open Internet Order’’).
6
2010 Open Internet Order, id. at ¶ 14; 2015 Open Internet Order,
supra n. 1 at ¶ ¶ 7, 77.
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leads to the expansion and improvement of broadband
infrastructure.’’7
Using the text of the 2010 and 2015 Open Internet Or-ders,
one can get a sense of what the FCC means by this concept of a
‘‘virtuous circle.’’ To begin, let’s consider what the FCC sees as
the role of the Broadband Service Provider (‘‘BSP’’) in the
‘‘virtuous circle.’’ As the Com-mission observed both in its 2010
and 2015 Open Inter-net Orders:
The Internet’s openness [] enables a virtuous circle of inno-vation in
which new uses of the network [] lead to increased end-user demand
for broadband, which drives network im-provements.8

Likewise, the Commission’s 2015 Order states that the Open
Internet will,
spur consumer demand for those Internet access services, in turn
‘‘driving demand for broadband connections, and consequently
encouraging more broadband investment and deployment,’’ consistent
with the goals of the 1996 Act,9

and that the rules contained in its 2015 Open Internet Order will,
consistent
with
the
statute,
‘‘encourage
broadband
deployment.’’10
The 2010 and 2015 Open Internet Orders make clear that the
FCC views consumer demand in this context as the ‘‘end-user
demand for broadband,’’11 which is the service sold by BSPs. The
FCC also believes that a BSP’s investment in its network is
driven by the in-creasing ‘‘demand for broadband connections.’’
The FCC has also stated that it sees a direct link between the
concept of the ‘‘virtuous circle’’ and the deployment/ investment
mandate of Section 706 (‘‘goals of the 1996 Act’’).12 The
Commission explains in its 2015 Open In7

Verizon v. FCC, 740 F.3d 623, 644 (D.C. Cir. 2014).
2010 Open Internet Order, supra n. 5 at ¶ 14; see also 2015 Open
Internet Order, supra n. 1 at ¶¶ 7, 77.
9
2015 Open Internet Order, supra n. 1 at ¶ 54.
10
Id. at ¶ 282.
8

11

Id. at ¶¶ 54, 77; 2010 Open Internet Order, supra n. 5 at

ternet Order that ‘‘key drivers of investment are de-mand and
competition.’’13
Thus far, the FCC has made it clear that it believes in-vestment
is positively related to demand: higher de-mand, more investment;
lower demand, lower invest-ment. Assuming the FCC is correct in
its beliefs, we must now ask exactly how demand affects
investment. The agency provides an answer that is entirely consistent with economic theory—increases in demand lead to higher
profits and these higher profits lead to more investment. In the
2015 Open Internet Order, the FCC makes clear that it sees
investment as being driven fun-damentally by ‘‘future
profitability’’14 and that
.. the profits associated with satisfying that growth provide a strong
incentive for broadband providers to continue to invest in their
networks . . . . The possibility of enhancing profit margins can be
expected to induce broadband pro-viders to make the appropriate
network investments needed to capture a reduction in costs made
possible only through technological advances.15

The fact that profits drive investment is central to all modern
economic theories of investment.16 It is also im-portant to note
that the Commission’s only citation to the economic literature on
investment incentives explic-itly models investment as a function
of profits.17
Based on what the agency has publicly said on the matter, we
know the agency believes that demand drives investment because
of the effect of demand on profits. Accordingly, the basic idea of
the FCC’s ‘‘virtu-ous circle’’ is this—higher consumer demand
for broad-band providers leads to higher profits for broadband
providers and, in turn, higher investment by broadband providers.
(And vice versa, lower demand, lower prof-its, and lower
investment.) What is interesting to recog-nize is that in the
Commission’s stated model of the ‘‘virtuous circle’’, the
incentives are self-reinforcing and thus there appears to be no
need to regulate the broad-band sector in an effort to stimulate
investment. Unfor-tunately, as I will demonstrate in a moment, the
Com-mission is never shy to let the economics get in the way of a
politically-expedient regulatory intervention.

¶ 14.
12
47 U.S.C. § 1302. Section 706(a) states that the agency may use,
‘‘in a manner consistent with the public interest, con-venience and
necessity, . . . regulatory forbearance, measures that promote competition
in the local telecommunications market, or other regulating methods that
remove barriers to infrastructure investment.’’ Section 706(b), in turn,
states that if the Commission determines that advanced telecommunications capability is not ‘‘being deployed to all Americans in a reasonable
and timely fashion’’, the FCC ‘‘shall take immedi-ate action to accelerate
deployment of such capability by re-moving barriers to infrastructure
investment and by promoting competition in the telecommunications
market.’’ There is some debate whether Section 706(a) is independent
from Sec-tion 706(b), which states that if the Commission determines that
advanced telecommunications capability is not ‘‘being de-ployed to all
Americans in a reasonable and timely fashion’’, the FCC ‘‘shall take
immediate action to accelerate deploy-ment of such capability by
removing barriers to infrastructure investment and by promoting
competition in the telecommuni-cations market.’’ While the agency once
believed that Section 706(b) was required to trigger Section 706(a), the
FCC reads the D.C. Circuit’s opinion in Verizon to mean that Sections
706(a) and 706(b) are independent grants of authority. For a full
discussion, see Lawrence J. Spiwak, What Are the Bounds of the FCC’s
Authority over Broadband Service Providers?—A Review of the Recent
Case Law, supra n. 3; George S. Ford and Lawrence J. Spiwak, Justifying
the Ends: Section 706 and the Regulation of Broadband, 16 JOURNAL OF
INTERNET LAW 1 (January 2013).
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The Reality: The ‘Unvirtuous Circle’ Theory of
Invest-ment. As noted above, central to both of the Commis-sion’s
2010 and 2015 Open Internet Orders is the claim that without
regulatory control BSPs will ‘‘disrupt[] the virtuous cycle’’18 by
‘‘reducing consumer demand’’19 and in doing so, by implication of
the circle metaphor, reduce investment in broadband networks. In
effect, the Commission has argued that it must control the behav-ior
of BSPs through regulation lest they take actions
13
14

2015 Open Internet Order, supra n. 1 at ¶ 412.
Id. at ¶ 40.
15 Id. at ¶ 412. The Commission similarly recognized that profits drive
investment in its NATIONAL BROADBAND PLAN, so there is nothing really new
here. For a discussion, see Law-rence J. Spiwak, Professor Susan
Crawford and the Looming ‘‘Cable Monopoly’’, @LAWANDECONOMICS BLOG
(November 16, 2012) (http://www.phoenix-center.org/blog/archives/899).
16
See, e.g., Robert S. Chirinko, Business Fixed Investment Spending:
Model Strategies, Empirical Results, and Policy Implications, 31 JOURNAL OF ECONOMIC LITERATURE 1875-1911 (1993).
17
2010 Open Internet Order, supra n. 5 at ft. 84, citing Jay Pil Choi
& Byung-Cheol Kim, Net Neutrality and Investment Incentives, 41 RAND
J. OF ECON. 446–465 (2010).
18
2015 Open Internet Order, supra n. 1 at ¶ 82.
19
Id.
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that reduce the demand for broadband. This argument is flatly
inconsistent with the agency’s stated theory of a ‘‘virtuous
circle’’ of investment. In the FCC’s ‘‘virtuous circle’’, consumer
demand for broadband and profits are positively related. BSPs, if
left to their own devices, will not sabotage their own profits,
which means that BSPs will not do things that reduce the demand
for broadband connections. Profit-maximizing firms don’t take
normally take actions that reduce profits, includ-ing, in particular,
reducing the demand for their own products and services. It turns
out, therefore, that upon close inspection, the Commission’s
‘‘virtuous circle’’ theory of investment isn’t so virtuous after all.
The truth of the matter is that rather than adopt and adhere to a
theory of a ‘‘virtual circle’’ of investment, the FCC has in fact
developed a theory of an ‘‘unvirtu-ous circle’’ that, as explained
below, defies logic and is inconsistent with the economic
literature that explains the impact investment has on innovation.
The actual ‘‘circle’’ theory the FCC applied in its two Open Internet Orders is this—lower consumer demand for broad-band
providers leads to higher profits for broadband providers which,
in turn, results in lower investment by broadband providers. Here,
the BSPs take actions that reduce the demand for broadband
connections, but these actions simultaneously increase their
profits (thus making the actions rational for the BSP). However,
these higher profits, by the Commission’s reasoning, lead the
BSPs to reduce investment and innovation. This reasoning is
entirely incompatible with the ‘‘virtu-ous circle’’ model.

Constructing an economic model that supports this
‘‘unvirtuous circle’’ involves implausible assumptions such as
reducing demand for your product will increase your profits.
Under plausible scenarios, reducing con-sumer demand for your
product is not good for profits and what is good for profits
normally is good for invest-ment.
Perhaps the FCC envisions a market in which BSPs sell
multiple services. If two goods are substitutes, then the BSP may
willingly reduce demand for one of its ser-vices (e.g., broadband)
in order to increase demand for another (e.g., video bundles). The
Commission pro-poses this approach as a possibility, stating
Broadband providers may seek to gain economic advan-tages by
favoring their own or affiliated content over other third-party
sources.20

With multiple products, however, there are tradeoffs to consider.
For example, the higher profits from one product must be large
enough to offset the lower prof-its from the other so that total
profits rise (so that the decision is rational for the BSP). In turn,
the self-sabotaged product has to be more investment intensive
than the promoted product so that overall investment declines.
The argument contains a lot of ‘‘if-then’’ state-ments for which
the agency has not a shred of evidence and, in fact, has not even
explicitly recognized as being relevant. Given that BSPs are
investing billions annu-ally to enhance the capabilities of their
broadband net-works to do things a video service does not
require, it seems to me implausible that the BSPs are sabotaging
broadband to promote their own video services.21 In-

deed, given the rapid rise in programming costs, bundled video is
no longer a profit center for BSPs,22 as is evidenced, in part, by
Verizon’s recent efforts to curb video bundling.23 Moreover,
economic theory suggests that imposing policies like zero-price
regulation—which is what the 2015 Open Internet Order does in
the form of its current ‘‘no blocking’’ rule—may birth incentives
worse than those the agency claims it is trying to tem-per.24
Notwithstanding, the Commission attempts to give its
‘‘virtuous circle’’ theory credibility by falling back on the old
standard of ‘‘externality’’ to justify its regulatory intervention. In
so doing, the agency points to the pres-ence of ‘‘negative
externalities’’ as a source of perverse incentives on behalf of the
BSP:
. . . broadband providers’ behavior has the potential to cause a variety
of other negative externalities that hurt the open nature of the
Internet.25

The agency appears to have no understanding of the economic
concept of externality (though, in fairness, the term ‘‘externality’’
is often used loosely and improp-erly). Still, this effort fails to
justify the Commission’s actions. In the ‘‘virtuous circle’’, as
described by the Commission, the effects of a firm’s actions are
internalized—that is, the BSP’s actions (or lack thereof) directly
impact its demand and profits. A characteristic feature of
externalities is that they are not internalized,

(‘‘Comcast, the nation’s biggest cable firm, said Monday that its
subscribers for high-speed Internet have surpassed cable television
customers for the first time. The trend has already shown up at slightly
smaller cable companies such as Charter Communications, and analysts
expect the entire cable industry will follow suit sometime this year.’’)
(available at: http:// www.washingtonpost.com/blogs/theswitch/wp/2015/05/04/ comcast-is-officially-an-internet-company-and-itstiming-is-awful).
22 See, e.g., Michael Masnick, Not Just Consumers Cutting The TV
Cord: Small Cable Companies Dropping TV Also, TECH-DIRT (October 1,
2014)
(available
at:
https://www.techdirt.com/
articles/20141001/07100828690/not-just-consumers-cutting-tv-cordsmall-cable-companies-dropping-tv-also.shtml).
23 See, e.g., Nelson Granados, Bundling vs A La Carte: What’s The
Fuss About Verizon’s Skinny Bundles? FORBES (April 21, 2015) (available
at: http://www.forbes.com/sites/ nelsongranados/2015/04/21/bundling-vsa-la-carte-whats-the-fuss-about-verizons-skinny-bundles); Dade Hayes,
INTX 2015: Pay TV Forecast Calls for More Skinny Bundles,
BROADCASTING AND CABLE (May 5, 2015) (available at: http://
www.broadcastingcable.com/news/technology/intx-2015-pay-tv-forecast-callsmore-skinny-bundles/140582).
24
George S. Ford and Michael Stern, Sabotaging Content
Competition: Do Proposed Net Neutrality Regulations Promote Exclusion?, PHOENIX CENTER POLICY PERSPECTIVE No. 10-02
(March
2010)
(available
at:
http://phoenix-center.org/
perspectives/Perspective10-02Final.pdf). The theory of ‘‘sabo-tage’’
originated in T. Beard, D. Kaserman and J. Mayo, Regu-lation, Vertical
Integration and Sabotage, 49 JOURNAL OF INDUS-TRIAL ECONOMICS 319-33

(2001). Subsequent papers confirm that regulation is a necessary condition for
sabotage. See, e.g., Da-vid M. Mandy and David Sappington, Incentives for
Sabotage in Vertically Related Industries, 31 JOURNAL OF REGULATORY ECONOMICS 235-260 (2007); T. Randolph Beard, George S. Ford and Lawrence J.
Spiwak, Why ADCo? Why Now? An Economic Ex-ploration into the Future of
Industry Structure for the ‘‘Last Mile’’ in Local Telecommunications Markets,
54 FED. COMM. L. J. 421 (2002).

20

Id..
C.f., C. Kang, Comcast Is Officially an Internet Company, and Its
Timing Is Awful, WASHINGTON POST (May 4, 2015)
21
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2015 Open Internet Order, supra n. 1 at ¶ 83.
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so the ‘‘externality’’ argument is no help.26 Moreover, the agency
makes no mention of an externality in its ‘‘virtuous circle’’, so the
implications of such a market failure on making good Internet
policy are entirely un-known.
The Commission also attempts to square its illogical flow by
arguing that BSPs are short-run oriented and ignore the long-term
profit implications of their actions:
Broadband providers have incentives to engage in practices that will
provide them short term gains but will not ad-equately take into
account the effects on the virtuous cycle.27

Justifying the heavy-handed regulation of the Internet on
corporate naivety isn’t very satisfying. It seems im-plausible that
firms surviving decades of market changes and investing billions
annually in long-lived as-sets take such a nai¨ve, short-term view
when they make decisions.28 Moreover, the regulatory scheme
must be specifically designed to properly motivate the nai¨ve decisionmaker. If a long-run view suddenly replaces the short-run
view, then will the regulatory path chosen still be the right one? It
is unclear. The onus is certainly on the Commission to provide
strong evidence of a short-run view, and then demonstrate,
theoretically, that the
26 C.f., George S. Ford, Thomas M. Koutsky and Lawrence J. Spiwak,
The Welfare Impacts of Broadband Network Man-agement: Can
Broadband Service Providers be Trusted?, PHOE-NIX CENTER POLICY
PERSPECTIVE No. 32 (March 2008) (available at: http://www.phoenixcenter.org/pcpp/PCPP32Final.pdf).
27

2015 Open Internet Order, supra n. 1 at ¶ 83.
George S. Ford and Lawrence J. Spiwak, The Unpredict-able FCC:
Politicizing Communications Policy and its Threat to Broadband
Investment, BLOOMBERG BNA (October 30, 2014)
(available at: http://www.phoenix-center.org/oped/
BloombergBNARegulatoryCertainty30October2014.pdf).
28
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short-run view leads to self sabotage of profits and re-duced
investment incentives.

Conclusion. Close inspection of the FCC’s two Open Internet
Orders forces the conclusion that the agency’s ‘‘virtuous circle’’
approach is deeply flawed. While the ‘‘virtuous circle’’ concept in its
general form is plau-sible, this is not the model used by the agency to
sup-port its regulatory interventions. At its core, the Com-mission’s
true model—the ‘‘unvirtuous circle’’— requires profit-maximizing
firms to do things willingly and knowingly that reduce the demand for
their prod-ucts. In a strange logical twist, this reduced demand must
somehow increase profits and, in another strange logical twist, reduce
investment. This logical flow can-not be squared with the plain
language of the Commis-sion’s depiction of the ‘‘virtuous circle’’ or
likely any plausible economic model either.

Put simply, we have the FCC in its 2010 and 2015 Open
Internet Orders pulling a bait-and-switch, offering up a sweetsounding ‘‘virtuous circle’’ and then replac-ing it with an
‘‘unvirtuous circle’’—entirely incompat-ible with the ‘‘virtuous
circle’’—to support its regulatory intervention. The Commission’s
switch is extremely problematic, since the ‘‘unvirtuous circle’’
has no sup-port from economics or even rudimentary logic. When
a regulatory agency disregards and then contradicts its own model
of the industry then it almost certainly en-gages in arbitrary and
capricious rulemaking. And if history has taught us anything,
policies based on shaky economic foundations never bode well for
consumers. Of course, net neutrality was never a consumerfocused policy, but a thinly-vieled effort to shift profits from the
network’s core to its edge. Consumers, as is often the case with
regulation, are just part of the spin.
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Estimation of the employment effects of changes in capital investment is a standard tool in public policy
debates. Typically, such predictions are based on employment multipliers derived from Input–Output
analysis. In this paper, we measure the employment effects of changes in capital investment in the U.S.
information sector by econometrically estimating an “employment multiplier” from historical data. The
estimated multiplier is 10 informa-tion sector jobs for each million dollars in expenditure, and perhaps 24
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1. Introduction
Many studies of information sector employment have concluded that employment both in and outside the commu-nications industry is highly
responsive to capital expenditures by communications firms. Consequently, it is argued that, depending on the response of firms to regulatory
interventions, public policy has significant employment effects. The consistency of these findings is unsurprising – these studies rely almost
exclusively on employment multipliers calculated by the U.S. Bureau of Economic Analysis' (“BEA”) Regional Input–Output Modeling System
(“RIMS II”) (Erlich, 1997).1 RIMS is a general equilibrium model of the U.S. economy sponsored by a federal government agency and, unlike
private-sector models, the RIMS output is available at low cost to the research community. For these reasons, RIMS is a popular tool for the
estimation of regional jobs impacts. Thus, although numerous studies suggest similar employment multipliers for the information sector, this
unanimity may be quite misleading, since it represents a single initial source.
In recent studies, the use of employment multipliers in U.S. communications policy is varied. Crandall, Jackson and Singer (2003) use (an
average of industry-relevant) multipliers to estimate the effect of broadband adoption and expanded investment in information technology on the
U.S. economy. This study used an average RIMS-based multiplier of 18.1 jobs

n

Corresponding author. Tel.: þ1 205 909 3709.
E-mail addresses: trbaub@gmail.com (T. Randolph Beard), ford@phoenix-center.org (G.S. Ford), gmmkim@gmail.com (H. Kim).
1
http://www.bea.gov/regional/rims/index.cfm. Use of the RIMS multipliers to size employment gains and losses is attractive for many reasons:
(a) RIMS is a general equilibrium model of the economy, so it can estimate employment effects for the entire economy of expenditures in just one sector;
(b) the multipliers are calculated by a government agency and thereby are unaffected by any alleged researcher bias; and (c) these numbers can be looked up rather than calculated
or estimated directly, thereby making it easier for researchers to produce estimates of employment effects.
0308-5961/$ - see front matter & 2013 Elsevier Ltd. All rights reserved.
http://dx.doi.org/10.1016/j.telpol.2013.12.001
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for each $1 million in capital expenditures (Crandall et al., 2003, p. 14). More recently, Crandall and Singer (2010) updated this earlier study,
employing a RIMS-based multiplier of 16.7 jobs per million dollars in investment spending. In an effort to encourage government investment in
broadband technology as part of the American Reinvestment & Recovery Act, the Communications Workers of America (CWA, 2009) claimed
that 97,500 jobs would be created for each $5 billion in investment (using a RIMS-based multiplier of 19.5). Davidson and Swanson (2010) used
a multiplier-based approach to argue that Network Neutrality regulation will reduce employment by curbing the incentive to invest in
communications networks, applying the RIMS-based multiplier from Crandall and Singer (2010). Eisenach, Singer and West (2009) employ a
multiplier of 19.7, while Singer and West (2009), leaning on estimates for non-fiber investments from the Eisenach et al. (2009) study, predict
that an increase of 39,961 jobs would occur due to $2.72 billion in investment for an implied multiplier of about 14.7 jobs per million. Bazelon
(2010) also considers the employment effects of reduced investment from Network Neutrality regulation, but uses the IMPLAN Input–Output
model to estimate employment effects rather than the RIMS multiplier tables. The resulting multiplier (averaged over five years) is smaller than
those cited in the prior studies at 13.6 jobs per million of investment. The studies described here represent a small sample from a voluminous
literature that has utilized employment multipliers in an attempt to influence communications policy over many decades. Almost all studies to
date apply multipliers obtained from Input–Output (I–O) models.2

The widespread use of multipliers immediately raises the issue of their validity. Providing evidence on this point is the purpose of this paper.
To this end, we will calculate employment multipliers using an entirely different methodology. Specifically, we estimate a type of “employment
multiplier” directly from historical data using time-series econometrics (Rosen & Mathur, 1973). This econometric approach offers several
benefits. First, while the I–O models provide uniform, annual employment effects, the time series approach is dynamic, thus permitting the
estimation of both the immediate and delayed effects of a shock. Second, the causal connection between jobs and expenditures (at the margin)
can, in principle, be statistically tested. In contrast, the I–O methodology is predicated on the existence – and uniformity – of such effects. Third,
and most importantly, most studies of employment effects in the communications and information industry are national in scope, but the BEA
makes clear that the RIMS multipliers are, in fact, regional, and caution that “[d]ifferences in industry-specific regional multipliers are not
meaningful or appropriate for use in a national context.”3 Additionally, the BEA offers a number of reasons why the RIMS multipliers “are likely
to be upper bound estimates,” including the assumptions of:
(1) no supply constraints; (2) fixed patterns of purchase; and (3) the use of local inputs when available. 4 As a check on the validity of the
common use of the multipliers to evaluate public policy, the multipliers obtained from econometric estimation can be compared to the I–O
multipliers used in prior studies, providing policy-makers with either independent support for current estimates, or else reason to apply the
current estimates with caution. For both historical and practical reasons, the I–O multiplier methodology has become standard, and we do not
claim the statistical approach is superior. We do suggest, however, that the nearly universal reliance on the I–O framework means the apparent
“consensus” on employment effects should be seen for what it is – a reflection of the use of a common methodology, rather than evidence in
support of the magnitude of current estimates.
Our approach, however, is not without important limitations which must be recognized. For example, our analysis is limited to “Information”
sector capital expenditures and jobs. Clearly, capital expenditures in the sector may create employment opportunities outside of the information
sector, so we suspect our “multipliers” could be smaller than those found using RIMS or other I–O models, which take a broader view of the
economy. Consequently, our directly-estimated (information sector) multipliers are probably conservative estimates relative to those found in
these prior studies. We will make an effort to assess the impacts of such limitations, but the reader should keep these caveats in mind.
Our findings are mostly reassuring: we calculate investment-employment multipliers that are similar to, but smaller than, those often
borrowed from RIMS and similar models. In the first year, a one million dollar shock to information sector capital spending will “create” six
information sector jobs (one-year multiplier of 6). Five-years after the shock, the employment multiplier is about 14. This five-year effect is
broadly consistent with I–O values (see Table 1). This finding is somewhat surprising since the RIMS (and some other) models are specifically
designed to provide regional employment effects across multiple industries. Whether this pleasant discovery is purely fortuitous, or is result of
some peculiarity of the information industry, is an interesting question beyond the scope of the present paper.

2. The multiplier method
The development of I–O analysis is attributed largely to the Nobel Prize-winning work of Leontief (Carter & Petri, 1989), though some
economic historians trace the idea to Quesnay's Tableau Economique (Ekelund & Hebert, 2007). The I–O model is primarily used as a tool for
simulating the impacts – measured by changes in output, income and/or employment – of an economic event on a particular regional economy,
and this is accomplished by a detailed accounting of inter-sectoral relationships within the target economy (country, region or county) using an
I–O matrix populated with observed data (Miller and Blair, 1985). As described by Fjeldsted (1990, p. 1), the term regional impact multiplier
“refers to the ratio of the
2

In many cases, the multipliers used are for telephone equipment manufacturing and construction, the latter having very large multiplier effects (Eisenach et al., 2009).

3 http://www.bea.gov/regional/rims/index.cfm (Emphasis supplied).
4 https://www.bea.gov/regional/rims/RIMSII/illustrativetables.aspx.
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Table 1
Multipliers from recent studies.
Study
Crandall et al. (2003)
CWA (2009)
Eisenach et al. (2009)
Bazelon (2010)
Crandall and Singer (2010)
Davidson and Swanson (2010)
Singer and West (2009)

E
$3.20B
$5.00B
$3.00B
$20.2B
$30.4B
$6.08B
$2.72B

J

m

58,043
97,500
19,744
275,358
509,000
100,600
39,961

18.1
19.5
19.7
13.6
16.7
16.7
14.7

Note: Bazelon based on 5-year average.

size of the total effect on a regional economy of some initial direct exogenous impact to the size of the direct impact itself.” The ability of the I–
O methodology to estimate the employment effects of spending programs makes the technique useful for public policy purposes (Baumol &
Wolff, 1994).
The standard procedure in “jobs studies,” including those mentioned above, is to assume that a policy change affects jobs indirectly via
capital expenditures (or, in some cases, industry revenues). That is, a policy change leads to either more or less investment by firms, and, in turn,
this change in expenditure is what leads to more or fewer jobs. Slightly more formally, let the number of jobs of interest be J, and let capital
expenditures be E (which we measure in millions of constant-value dollars). For some assumed change in policy, we have a change in
expenditures ( E), and then a subsequent (and implied)
change in jobs ( J):
Policy-

E-

J;

ð1Þ

In most cases, the relationship between jobs and expenditures is measured by the RIMS multipliers (or multipliers from some other I–O model
such as IMPLAN), so that
J ¼ m E;

ð2Þ

where m is a “multiplier” that relates changes in capital spending to changes in employment levels. Notably, this “multiplier” effect is not the
same as the multiplier effect (from Macroeconomics) between fiscal spending and Gross Domestic Product. Coughlin and Mandelbaum (1991)
and Erlich (1997) provide detailed discussions of the use of employment multipliers of the form used here.
From expressions (1) and (2), we see that estimating a “jobs delta” involves two key inputs: (1) how big is the expenditure change? and (2)
what is the relationship between jobs and expenditures? As many “jobs studies” are released prior to the implementation of a policy initiative
(indeed, these studies are typically aimed at influencing the policy choice), it is almost impossible to credibly estimate the resulting investment
effect before specific rules are written, litigated, and “digested” by the industry. As a result, researchers typically consider a range of plausible
expenditure changes.
In the typical application, the multiplier “m” is taken from an I–O model, whether RIMS, IMPLAN, or some other program. Table 1
summarizes the assumed multipliers from a number of recent studies released to influence policy debates in the U.S. telecommunications sector.
All of these studies, with the exception of Bazelon (2010), use multipliers obtained from the RIMS program. (The difference between Crandall et
al. (2003) and Crandall and Singer (2010) is due to an increased variety of industry-specific multipliers that were updated after the earlier study.)
Davidson and Swanson (2010) rely on Crandall and Singer (2010) for the size of the multipliers, so by implication they also use RIMS. CWA
(2009) expressly uses RIMS multipliers. Bazelon (2010) uses the IMPLAN model for the computation of employment effects, resulting in
slightly smaller effects.
The credibility of studies using RIMS and similar models would be enhanced if some independent evaluation of the employment multipliers
was available. This is a primary purpose of our estimation in this paper. We utilize a vector error-correction time series technique in an attempt
to isolate the effects of innovations in capital expenditure in the information industry on sector employment. Our estimation supports calculation
of impulse responses, allowing us to investigate the time evolution of employment in reaction to shocks to capital investment. Thus, our analysis
lets us derive employment multipliers using a credible methodology which, however, shares few of the assumptions of the I–O approach.

3. Econometric approach
Looking at expression (2), it seems that, given data on J and E, we can calculate m (for some sectors) directly from historical data. We will
attempt to do so here. It should also be possible to size m, and to test whether or not changes in expenditures ( E) can be said to “cause” changes
in employment ( J), at least in the ordinary (i.e., operative or Granger) statistical sense. Moreover, with appropriate time series techniques, it is
possible to estimate the capital expenditure and employment effects in an extended, dynamic context, and to evaluate a hypothetical shock of
interest, such as a change in capital expenditure arising from a change in regulation.
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3.1. Data
We begin by considering the available data. The Bureau of Labor Statistics (“BLS”) provides industry-specific employment data, but the
availability of older historical data varies by industry. Data on the “Information” sector (NAICS 51), which includes telecommunications, cable,
broadcasting, publishing, and data processing, is available annually back to 1939. 5 Investment data (E) is provided in the BEA's Fixed Assets
Tables.6 We match the investment figures to the employment data, thereby including BEA Industry Codes 5110, 5120, 5130, and 5140. The
investment data is available through year 2008. In 2008, total investment in this sector was $122.3 billion. Telecommunications and broadcasting
firms (BEA Code 5130) accounted for about $100 billion (82%) of this total, so it is reasonable to conclude that the estimated employment
multiplier mostly reflects the telecommunications and broadcasting sector.7 We convert the nominal “Investment” data to real values using the
Producer Price Index All Commodities (“PPI”) as provided by BLS.8 This is the broadest index published by the BLS, and includes all categories
and covered industry sectors, including finished, intermediate, and crude goods. We adopt this broadest measure because we wish to regard
expenditure in terms of its economic, or opportunity, cost, and alternative uses of the funds are not restricted to any particular industry or sector.
All values are expressed in 2009 dollars to aid in interpreting the results. While we have data going back to 1939, we restrict our analysis to the
last forty years only in hopes of doing somewhat less injury to the assumption of parameter stability. The time-frame covered is thus 1969
through 2008. (We also estimated the model with a shorter sample covering the last thirty years to evaluate the robustness of our findings. The
results were very similar.)

3.2. Data issues
We are dealing with time series data, so standard least squares econometric approaches are unlikely to be valid. Some preliminary evaluation
of the properties of the data is required prior to choosing the estimation approach. First, we need to evaluate whether the two series are
stationary. We do so using the Augmented Dickey–Fuller Test (“ADF”). The results, including a test version with a constant term (“ADFc”) and a
constant term and trend (“ADFτ”), are summarized in Table 2. The logarithms of the two variables are found to be stationary in first differences.
Second, we evaluate whether the two series have a cointegrating relationship. If we can answer in the affirmative, then a long-run
(“equilibrium”) relationship exists between the two. This long-run dependency is important for evaluating employment effects through time. As
shown in Table 2, the Engle–Granger, Hausman-Type (Engle & Granger, 1987; Choi, Hu, & Ogaki, 2008), and H(p, q) tests proposed by Park
(1992) indicate that the two series are, in fact, cointegrated. 9 Given the results summarized in Table 2, we conclude that the employment and
expenditure series are difference stationary random variables (that is, they are individually I(1)) and are cointegrated. Our estimation proceeds
accordingly.
3.3. Estimation details
Let yt ¼[y1,t y2,t]' be a vector of difference stationary random variables where y1,t and y2,t denote the number of information industry jobs
(J) and real capital expenditures (E) in the industry at time t, respectively. All variables are measured in natural logarithms. We assume that y1,t
and y2,t are cointegrated with a cointegrating vector γ ¼[1-β]', that is, jobs (J) and expenditures (E) share a stable long-run relationship. For
instance, if β were to equal 0.5, a 10% decreases in expenditures would result in a 5% decrease in jobs in the long-run. Jobs and expenditures
have the following triangular representation (Phillips, 1991):

y1;t

¼ þ

þ

α βy2;t εt ;

ð3Þ

¼ þ

y2;t
δ ut ;
ð4Þ
where is the difference operator, α is an intercept, δ denotes a drift, εt and ut are mean-zero white noise processes. The cointegrating parameter β

^

can be estimated by (static) least squares estimation (“SOLS”). However, the least squares estimator β LS is asymptotically biased and
inefficient. Furthermore, its asymptotic distribution is non-normal (Phillips, 1991; Stock, 1987). Therefore, statistical inference based on the least
squares estimator may not be reliable. Recognizing these potential problems, we employ two alternative estimators for the cointegrating vector:
(i) Park's (1992) CCR method and
5 For a description of the industry, see http://www.bls.gov/iag/tgs/iag51.htm. More narrow industry classifications, though, only have about twenty years of data in the
current industry definitions. We also performed much of our analysis using the narrower Broadcasting and Telecommunications (“B&T”) industry category, and we will reference
the results of that exercise below.
6 http://www.bea.gov/national/index.htm#fixed.
7
The Publishing Industries (5110) and the Information and Data Processing Services industry (5140) each represent about 8% of the total. Motion Pictures and Sound
Recording Industries (5120) is a little over 1% of the total.
8 http://www.bls.gov/ppi (All Commodity PPI). Converting to constant dollars using the BEA's chained GDP deflator has very little impact on the results. We do not use the
BEA's quantity index of investment, since our primary interest is to compare our findings with that of the standard multipliers, which are based on dollars of investment. Using
dollars rather than quantity-based measures of investment also permits an opportunity-cost analysis among investments in different sectors. We are grateful to an anonymous
referee for comments on this question of deflators.
9
Critical values (5%) are generated for 40 observation case by 100,000 Monte Carlo simulations.

T. Randolph Beard et al. / Telecommunications Policy 38 (2014) 371–382

375

Table 2
Statistical properties of the data.
Aug. Dickey–Fuller tests

PPI-adjusted
ADFc

Investment
Employment
Cointegration tests
Engle–Granger test
Hausman-type test
H(p,q) test

a

Level

1.391

Differenced

4.713

Level

1.512

Differenced

3.434
Statistic
4.077
1078.7
0.0491
0.0134
2.5961

H(0,1)
H(1,2)
H(1,3)

ADFτ
a

3.124a
3.997

a

2.395

a

3.490
Cointegrated?
Yes
Yes
Yes
Yes
Yes

Statistically significant at the 5% level.

(ii) Stock and Watson's (1993) dynamic Ordinary Least Squares (“DOLS”) estimator (Park, 1992; Stock & Watson, 1993). These estimators are
more efficient and perform better than the least squares estimator in finite samples.
Given the cointegrating vector estimate for γ ¼[1 β]' from (3) and (4), we construct the following bivariate vector error correction model
(“VECM”). Abstracting from deterministic components,
yt

¼

ργ'yt

1

þ

k

∑ j¼ 1θj

yt

j

þ

Cet

ð Þ

5

where ρ ¼[ρ1 ρ2]' is a 2 1 speed of convergence parameter vector, C is a matrix that defines the contemporaneous structural relationship among
employment and investment expenditures, and et ¼[e1,t e2,t]' is a vector of mutually orthogonal structural shocks to these variables. We interpret
e2,t as a structural shock that is caused by some external events that disturb investment expenditures but not employment. However, we allow e2,t
to have an immediate effect on jobs. (This happens when the (1,2)th element of C has a non-zero value.) For example, e2,t may be interpreted as
a policy change that may result in a decrease in firms' capital expenditures, which may result in a job loss in that industry as firms re-optimize
their production with reduced capital expenditures.
To study the effect of e2,t on jobs and investment expenditures in both the short- and long-run, we employ the generalized impulse-response
analysis based on our bivariate VECM described in Eq. (3) (Pesaran & Shin, 1998). For this purpose, we rewrite Eq. (5) as the following statespace representation:
zt

¼

Fzt

1

þ

ξt

ð6Þ

where
zt ¼

h
2

F

yt yt
ϑ1

6

1

… yt k &';

ϑ2 … ϑk þ 1

I

ð7Þ

3

0 7

2k

⋮

¼6

7

6

7

4

0 5

ξt ¼ Cet

0 … 0 &';

ð8 Þ

ð9Þ

and
ϑ1 ¼ I2 þργ'þθ1;
ϑj ¼ θ j þ 1 θ j ;

ð10Þ
j ¼ 2; …; k;

ϑk þ 1 ¼ θk;

ð11Þ
ð12Þ

and Ip is the p-dimension identity matrix. The rth period impulse-response functions, then, are obtained by
ðS'Fr SÞC

ð13Þ

where S ¼ I2
0
… 0 &' is a 2(kþ1) 3 selection matrix and the contemporaneous matrix C can be obtained by the
Choleski factor of the least squares variance–covariance matrix of expression (5). With regards to the responses of employment to a capital
expenditure shock, the generalized impulse-response function coincides with the orthogonalized impulse-response function with expenditures the
first variable in the ordering (Kim, 2009). Our forecast of information
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sector job changes due to the real capital expenditure shocks, and our other estimates, are mostly obtained from the estimates for expression (13).

4. Results
Our analysis was conducted using a purpose-built program written in the GAUSS language, although many of our estimations are supported
by popular statistical packages.10 Once the relevant parameters are estimated, it is possible to simulate the effects on jobs of a shock to capital
expenditures. We do so here, but first we address the question of causality from expenditures to jobs, or the reverse, using the standard Granger
Causality test. (Note, however, that the Granger test is short-run in nature and our cointegration analysis indicates that the two series do have a
long-run relationship. Never-the-less, causation testing is an obvious step in building a model of this sort.)

4.1. Short-run Granger causality
In order to evaluate short-run causality, we apply the standard approach of bivariate Vector Autoregression (“VAR”). Given that our series
are I(1), we use first-differenced data and estimate the following general equations
Expenditures Granger Cause Jobs :

Jt ¼ f ð

J ;
t 1

J ;

Et 1Þ;

ð14Þ

E Þ;

t 1
Et ¼ f ð t 1
Jobs Granger Cause Expenditures :
ð15Þ
where the one period lag specification is selected by minimizing the Bayesian Information Criterion (“BIC”). The F-statistic on the null
hypothesis that Expenditures Do Not Cause Jobs is 3.10, which is statistically significant at the 5% level (i.e., the null hypothesis is rejected).
Therefore, the evidence suggests that there is a causal relationship flowing from changes in capital expenditures to employment. In contrast, we
cannot reject the null hypothesis that Jobs Do Not Cause Expenditures, with an F-statistic of only 0.24. As such, we appear to have a one-way
causal relationship, in a Granger sense, flowing from changes in capital expenditures to jobs. We find these results sensible, although we note
that this sort of analysis ignores the cointegrating relationship between the two series. On the other hand, a contrary finding would be troubling
for our purposes, as well as for the economic logic underlying much of the I–O approach. Probably it is most sensible to summarize these
findings as failing to undermine the assumptions supporting our estimation strategy.

4.2. Vector error correction model (“VECM”)
We begin our examination of the VECM results in Table 3, which reports our speed-of-convergence estimates. This information provides
measures of the degree to which each variable (jobs and investment) contributes to the adjustment process to the underlying, long-run
equilibrium relationship. In other words, if a shock disturbs the equilibrium relationship between employment and investment, how will the two
variables participate in the adjustment process necessary to eventually return the system to equilibrium? While both variables will adjust, the
speed at which these two variables change is evidently quite different. Table 3 shows that the primary source of such adjustments is changes in
capital investment expenditures. This is perhaps unsurprising: capital investment is volatile and flexible, at least when compared to employment,
especially for sectors that offer high pay to skilled workers.
Next, we turn to our primary findings: the cointegrating vector estimation results reported in Table 4. We offer three different estimates based
on three statistical criteria: static ordinary least squares (SOLS), dynamic ordinary least squares (DOLS) (Stock & Watson, 1993), and canonical
cointegrating regression (CCR) (Park, 1992). The point estimates all appear quite similar, although this must be regarded as primarily a
fortuitous result: SOLS is not statistically appropriate. These coefficients provide estimates of the long-run effects of shocks on the equilibrium
values of the variables. In particular, referring to the CCR finding for example, our analysis indicates that a 10% reduction in capital
expenditures leads, in equilibrium, to an approximately 4.5% reduction in information sector jobs, when all feedbacks between these variables
are taken into account. This is a significant effect. The reason for the large effect is that a shock to capital expenditures in one period affects
employment and capital spending in the next period, which in turn affects these variables going forward, and so on. This complex
interdependence over time is precisely the kind of information which is potentially useful, but is not available from ordinary multiplier analysis.

4.3. Simulating the employment effects
Using the estimates from the VECM we can conduct a variety of simulations to measure the effect on jobs from a change in capital
expenditures. Our simulations assume a negative shock to capital expenditures (in 2009 dollars) ranging from 1% to 30%. (For the point
estimates, the fact that the assumed shocks are negative is immaterial since positive shocks produce corresponding positive effects.) In Table 5,
the simulated reductions in capital expenditures are provided. Note that the
10

Our code and detailed results are available on request.
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Table 3
Speed of convergence estimates.
Estimates
E (ρ1)

1.3320

J (ρ2)

n

0.1618

Standard error
0.5465
0.1493

Notes: (i) the point estimates for ρ and associated
standard errors are reported; (ii) the superscript n
denotes a rejection of the unit-root null hypothesis at
the 5% significance level; and (iii) each estimate has a
correct sign that implies that both E and J contribute to
the adjustment process toward the long-run equilibrium. However, E plays more dominant role that that
of J, because its speed of adjustment parameter is
relatively bigger and significant at the 5% level.

Table 4
Cointegrating vector estimation results.
Constant (α)
SOLS
DOLS
CCR

CAPEX (β)

9.9407 (0.1867)
9.8282 (0.0279)
9.6854 (0.1437)

0.4271 (0.0165)
0.4379 (0.0279)
0.4497 (0.0127)

Notes: (i) SOLS denotes a static ordinary least squares estimator; (ii) DOLS is the dynamic
ordinary least square estimator proposed by Stock and Watson (1993);
(iii) CCR is Park's (1992) canonical cointegrating regression estimator; (iv) the quadratic
spectral kernel with automatic bandwidth selection was used to obtain the long-run variance
matrix; and (v) standard errors are reported in parentheses. All variables are significant at
the 5% level.

Table 5
Annual real investment change (

E) (Millions of 2009 dollars).

Shock size (%)

1 Year

5 Year

10 Year

20 Year

1
5
10
15
20
30

1109
5438
10,610
15,531
20,211
28,898

1205
5903
11,505
16,822
21,868
31,203

1394
6822
13,281
19,396
25,186
35,859

1646
8059
15,700
22,943
29,810
42,492

30 Year
1991
9747
18,987
27,747
36,051
51,388

assumption embedded in the simulation is of a one-time shock (a shift in the expenditure-time curve), but this reduction persists over time. Since
each series is I(1) with drift, each series eventually recovers from the initial decline. When the shock is large, both expenditures and jobs decline
for more than one period, after which they start to recover, following their stochastic trends in line with their cointegrating relation. Thus, a
negative expenditure shock causes the level of jobs to actually fall in the short run. This employment shock is persistent despite the fact that over
time secular growth in the economy raises employment. In other words, the economy exhibits lower levels of sector employment, compared to
the no-shock case, indefinitely.
The effects on jobs from these reductions in capital expenditures are summarized in Table 6. As expected, as the size of the shock increases,
so does the magnitude of the job loss. For a 5% negative shock, job loss is estimated to be 31,425 jobs, whereas a 10% shock reduces
employment by 62,518 in the first year. In five years, that same 10% shock has reduced sector employment by 156,850 (in the fifth year). Over
the first five years, the average annual job loss is 128,392 jobs. (See Appendix A for annual changes.) These losses are information sector jobs
only; our estimates do not capture the employment (or capital expenditure) effects on other sectors.
With these estimates of investment and employment changes, we can compute the jobs multipliers implied by the VECM. These multipliers
are summarized in Table 7. To understand this table, one should note that the multipliers given refer to actual numbers of jobs lost per one
million dollars in lost capital investments in the base year. Thus, for example, a 10% negative shock will, after say 5 years, result in an observed
loss of 13.5 jobs per million dollars in lost investment. The non-monotonicity of these values, as can be observed in the table, is a consequence of
the relatively rich dynamic process of adjustment described earlier. Importantly, the most severe consequences of the loss in investment are seen
to occur in the “middle term” – i.e., in the 3–5 year time horizon. However, the effects are persistent for a very long time.
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Table 6
Annual employment change from shocks ( J) (Information sector jobs only).
Shock size (%)

1 Year

1
5
10
15
20
30

5 Year

6312
31,425
62,518
93,284
123,726
183,652

10 Year

16,059
79,457
156,850
232,232
305,655
446,828

20 Year

15,242
75,487
149,192
221,155
291,419
427,006

30 Year

16,671
82,559
163,159
241,847
318,669
466,888

18,152
89,894
177,657
263,338
346,988
508,384

Table 7
Annual employment multipliers (Information sector jobs only).
Shock size (%)

1 Year

2 Year

3 Year

4 Year

5 Year

10 Year

20 Year

30 Year

1
5
10
15
20
30

5.7
5.8
5.9
6.0
6.1
6.4

7.2
7.3
7.5
7.7
7.9
8.3

9.4
9.5
9.8
10.0
10.2
10.7

11.7
11.9
12.1
12.3
12.5
12.9

13.3
13.5
13.6
13.8
14.0
14.3

10.9
11.1
11.2
11.4
11.6
11.9

10.1
10.2
10.4
10.5
10.7
11.0

9.1
9.2
9.4
9.5
9.6
9.9

The results in Table 7 may be usefully, if somewhat speculatively, compared to the average values of I–O multipliers detailed in Table 1. To
what extent are these various values consistent? One difficulty in answering this question is due to the intricate time dependency in the VECM
analysis, and the relative lack of any meaningful role for time in the I–O approach. This is unsurprising, as the theoretical underpinning of
Leontief-type models lies in a “steady state” interpretation. Bess and Ambargis (2011) remark that, “The length of time that it takes for the
economy to settle at its new equilibrium after an initial change in economic activity is unclear because time is not explicitly included in regional
I–O models. Some analysts assume the adjustment will be completed in one year because the flows in the underlying industry data are measured
over the same length of time (p. 10)” Given the ambiguous role of time-scale in I–O modeling, one must decide which multipliers from the
VECM analysis to use for comparison. One is tempted to select the 5 year figures because, inter alia, they are closest to those assumed in the I–O
studies. Certainly, 5 years seems a reasonable period for an initial shock, such as a regulatory-triggered change in investment, to have its primary
effects. If one accepts this, then our results provide moderately strong confirmation of the values of the multipliers frequently used in many
recent studies, such as those cited in Table 1. A multiplier value of something between 10 and 20 appears plausible. Our econometric finding
suggests a value towards the lower end of this range, though our multipliers are for the information sector alone.

4.4. Multiplier stability
The reported results use observations spanning the period 1969 to 2008, discarding early data on the information sector from 1939 to 1968.
By including the all the data back to 1939, we can provide some evidence on parameter stability and the relationship between capital and labor in
the information sector over time. In alternate DOLS estimations, we estimate 30-year and 40-year rolling regressions beginning in year 1939, and
find that rolling window estimates for β in both windows are increasing over time. Fig. 1 shows the estimates from the 30-year rolling window,
and Table 4 shows the estimate of β used to construct the multiplier (¼0.4379) for the full sample period (1969–2008). Thus, the analysis
suggests a stronger connection between capital and labor in the information sector in more recent data. Consider, for example, the estimates at
the extremes of the data series. Using the data between 1939 to 1978 (40-year window) or to 1968 (30-year window), we obtained estimates of β
of about 0.10, noting that the β estimate was statistically insignificant at the 5% level for the 30-year window. This time period precedes our
primary sample. As we move to the latest sample period (1969 to 2008 for 40-year window, 1979 to 2008 for 30-year window), we obtain much
larger estimates of around 0.43 for β. If we limit the analysis to a 30-year window applied to our primary sample (1969–2008), then the first year
of relevance is 1999. As shown in Fig. 1, the coefficient is very stable over the 1999–2008 interval. In light of these experiments, we recognize
that there appears to be a rising influence of investment on jobs, which eventually becomes stable over time. We believe this analysis justifies
our original sample period that focuses more on recent data.

4.5. Indirect job impacts
Our analysis is restricted to the Information sector of the U.S. economy. It is a basic tenet of I–O analysis, however, that increases in
spending or investment in one sector will generally affect output and resource utilization in other sectors. Such “spillovers” are difficult to
measure by the econometric techniques used here. It is also highly likely that the extent of such effects will depend critically on the state of
capacity utilization, and the tightness of the labor market, in a general
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Fig. 1. Estimate of β in 30-year rolling regressions.

sense. On the one hand, an increase in capital expenditure in the telecommunications sector, for example, will almost certainly lead to increases
in employment in that sector, almost regardless of the state of the economy as a whole. However, the extent to which such an investment increase
will affect labor use in other sectors, such as the building trades or light manufacturing, will be substantially, even primarily determined by
conditions outside of telecommunications. The nature of the analysis performed here, which assumes both the linearity and symmetry of
responses, is incapable of accommodating complications of this sort.
There are reasons to suppose, however, that the estimates obtained here may be useful (though admittedly speculative) “lower bounds” on the
relevant employment effects. First, it seems quite unlikely that an increase in employment (and output) in one sector will completely displace
employment and output in another. Second, the data used in our analysis reflects employment and investment activity in the “Information” sector,
which is relatively narrowly defined. Our implied (5 year) multiplier, however, is somewhat smaller than those used in the I–O models cited
earlier. These I–O models, of course, consider employment in “all” sectors. Third, we selectively examined several other BLS employment
categories with close ties to telecommunications using our methodology, including “Power and Communication System Construction (NAICS
23713)” and “Communications Equipment” (NAICS 3342). Granger causality testing suggests one way effects from investment shocks to
employment in these additional sectors, again providing at least suggestive evidence of effects larger than those estimated above. 11

5. Other considerations
5.1. Corroboration with prior studies
Part of the purpose of this study was to compare econometric estimates of employment effects with those calculated using multipliers from I–
O models in a policy-relevant and topical way. As noted earlier, such comparisons require the analyst to select a time period to calculate the
VECM derived effects, and this limitation should be borne in mind. The multipliers from a few of the more recent studies are summarized in
Table 1. Consider, for example, the study by Davidson and Swanson (2010). While numerous scenarios are provided in that study, one such
scenario estimates that 152,400 jobs would be lost per year (over the 2010–2015 period) as a result of a hypothetical $9.12 billion reduction in
capital expenditures (implying a multiplier of 16.7, commensurate with the BEA Type II multiplier). We choose this example because our
multipliers vary by year and Davidson and Swanson (2010) provide a five-year average effect. Using the VECM to simulate the jobs reduction
from the same hypothetical $9.12 billion shock, we estimate about 87,000 average annual job loss (over the five year period) for the information
sector, implying a five-year average multiplier of 9.58.
Comparing these multipliers with those used in Davidson and Swanson (2010), we see that the information-sector specific multiplier is
smaller (about 9.5), which is expected since it measures only information-sector employment effects. It is possible to crudely estimate a more
general employment effect using the multiplier approach of Bivens (2003), in which one job in the communications sector is “associated” with
2.52 jobs elsewhere in the economy. Given Bivens' (2003) estimate of 2.54 jobs per communications job, the total effect on employment from an
investment shock is about 24 jobs per million dollars of investment. Comparing this value to those in Table 1, we see that the multipliers used in
some recent studies appear, if anything, conservative. We note, however, that this calculation depends on the accuracy and continued relevance
of the values provided in Bivens (2003). Assuming Bivens (2003) overstates the multiplier by as much as 40%, our estimates still support a
multiplier of about 16 jobs per million dollars in capital expenditure. Indeed, the employment “spillover” to other sectors needs only to be 0.6
jobs per information sector job for our estimated multiplier of 10 to get to the commonly-used multiplier of about 16. So, even if Bivens (2003)
is extremely optimistic, the implied employment effects from our analysis will equal or exceed those from prior, multiplier-based studies. The
implied multiplier from

11
These Granger regressions are first-difference models with one lagged difference term for J and E. The t-statistics on E are 3.2 for “Power and Communication System
Construction” and 1.92 for “Communications Equipment.” Detailed estimates are available on request.
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Bazelon (2010) is arguably the best comparison, since that study estimates the employment effect from the I–O model rather than simply rely on
published multiplier values. Bazelon's multiplier of 13.6 for all sectors is closer to our information-sector only multiplier of 10.

5.2. Information sector jobs are not average jobs
In the typical study of employment effects, jobs are discussed without reference to the levels of income they offer to workers. In this regard,
at least, information industry jobs are not typical. In the U.S., the average median weekly earnings for private industry generally are $753.12 In
the information sector, the average weekly median earnings are $1073, and for Telecommunications that figure is $1096. Thus the median
weekly earnings of information sector employees are 42% higher than those of typical private sector workers. Earnings in the more narrow
telecommunications sector are slightly higher still, being 45% above the typical private sector rate. Accounting for income differences, one
telecommunications job lost is the equivalent of nearly 1.5 “average” jobs. Our analysis above suggests we should expect a change of 10
telecommunications jobs per million dollars in capital expenditures, but these jobs are equivalent, in income terms, to 15 average private sector
jobs.

5.3. Caveats
There are a number of important caveats to work of this type, some of which we have mentioned above. First, while one is tempted to exploit
the linkage between capital expenditure and job creation for public policy goals, such plans must be economically coherent. For example, we
could perhaps increase employment in the telecommunications sector by prohibiting the use of the digital switch and returning to the days of
operator-based switching, or we could forbid the use of heavy machinery to dig trenches, thereby creating many jobs for shoveling dirt. Indeed, it
is quite possible for regulation or legislation to promote inefficiently high levels of capital expenditures and/or employment, thus reducing
overall welfare. Historically, rate-of-return regulation has been criticized for to its tendency to promote excess reliance on capital in production
(Averch & Johnson, 1962).
Furthermore, capital is portable, so a reduction in investment in one sector may simply shift much of that investment to another sector,
presumably having employment impacts there as well. As a matter of policy, the relevant question may be the net effect of capital on
employment, not just the partial effects in a single industry or sector. The communications sector is unique in many respects, including its role as
a general purpose technology and its potential for significant spillovers. Thus, capital in the information sector may have a higher social payoff
than capital in other sectors, at least on average, but a simple jobs analysis fails to take this into account.

6. Conclusion
In this paper, we estimate the relationship between investment and employment in the information sector of the United States using timeseries econometrics. This investment-employment relationship has figured prominently in some recent regulatory policy discussions, and a
number of researchers have provided studies that critique regulatory initiatives at least partially from the point-of-view of their effects on
employment. Further, these recent analyses have uniformly relied on multipliers “borrowed” from Input–Output models, such as RIMS. It is
therefore desirable to attempt some evaluation of the plausibility of the RIMS multipliers outside of the Input–Output framework, and we do this
in this paper.
Applying a VECM type estimation and calculating Impulse Response Functions for changes in capital investment, we are able to establish
several useful results. First, our findings on the size of the employment multiplier, at least for the information sector, are broadly consistent with
some of the values used in recent studies. We find a multiplier of about 10, i.e., a million dollar shock to investment creates about 10 permanent
jobs. If one considers spillovers to other sectors, our results are mostly consistent with received practice. Second, our estimation provides
evidence that investments “cause” jobs, and not the converse. Finally, we point out that information sector jobs are not typical, generally paying a
large premium over average private sector jobs.
For policy purposes, our findings provide cautious support for previous claims as to the size and significance of the multiplier. On the other
hand, this result does not, in itself, support policy interventions that increase capital spending. Rather, we offer a measurement of one likely
consequence of such policies, and this finding must be combined with, and weighed against, the numerous other effects of regulatory
intervention. Regulation has numerous effects, good and bad, of which changes in employment is only a part.

Appendix A
See Table A1.
12 www.bls.gov; www.unionstats.gsu.edu.
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Table A1
Annual employment change from shocks.
Year

Forecast

Reduction in jobs from forecast trend
E ¼ 5%

E¼ 10%

E¼ 20%

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29

2,984,000
3,002,790
3,019,456
3,036,641
3,058,074
3,083,980
3,112,322
3,140,963
3,168,839
3,195,978
3,222,916
3,250,150
3,277,885
3,306,081
3,334,600
3,363,331
3,392,241
3,421,350
3,450,695
3,480,304
3,510,183
3,540,330
3,570,737
3,601,403
3,632,327
3,663,515
3,694,970
3,726,696
3,758,696

31,425
57,478
75,094
81,296
79,457
75,170
72,367
72,140
73,628
75,487
76,873
77,637
78,046
78,423
78,944
79,620
80,375
81,134
81,860
82,559
83,249
83,948
84,663
85,393
86,131
86,874
87,620
88,372
89,130

62,518
113,855
148,321
160,416
156,850
148,509
143,051
142,623
145,545
149,192
151,913
153,419
154,233
154,985
156,020
157,356
158,847
160,344
161,779
163,159
164,523
165,905
167,319
168,760
170,219
171,687
173,163
174,648
176,146

123,726
223,394
289,357
312,357
305,655
289,866
279,528
278,771
284,404
291,419
296,665
299,597
301,209
302,705
304,739
307,349
310,255
313,173
315,973
318,669
321,335
324,036
326,798
329,613
332,461
335,328
338,211
341,112
344,037

183,652
328,779
423,464
456,272
446,828
424,416
409,731
408,736
416,886
427,006
434,595
438,874
441,270
443,500
446,501
450,326
454,573
458,840
462,939
466,888
470,796
474,756
478,804
482,927
487,100
491,300
495,524
499,775
504,060

30

3,790,971

89,894

177,657

346,988

508,384

E ¼ 30%
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