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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.!

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 20164 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.’

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

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).t
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 non-
parametric  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” 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.

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.” 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.!* 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.

Figure 1. Empirical Distribution, d (UST)
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Figure 1 provides the empirical distribution of 4
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%

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)

=¥

@

Frequency
6

4

2

0
d

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.1s

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

change in capital spending has a near zero  investment decline of $6 billion from
probability, so a 6% drop in investment is  expectations.

statistically rather rare in this data.’?
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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  Vbillion, indicating an
investment decline of $6 billion
from expectations.

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.1¢
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 2015, 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).

Mr. Horney calculated a counterfactual using a
linear trend based on nominal capital

expenditures between 2003 and 2014.7 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:

ye=PBo+ Pat + ey ()

where y; is capital expenditures, t is a time
trend, and e is a disturbance term. The
parameters (Bo and B1) 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

yi =584 +1.40f + é. 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
(Horney puts the 2016 number at $72.7). In
total, capital spending in 2015 and 2016 is
$5.9 billion below the trend, which is very close
to Mr. Horney’s estimate ($5.6billion), a
difference attributable to the new USTelecom
data.
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Figure 3. Linear Trend, Nominal
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Figure 3 illustrates both the data and the trend.
The 90% confidence interval of the forecast for
2015 and 2016 is also provided.’® 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,

Ye = Po + Pryr1 + on (2)

Figure 4 illustrates the results of this
autoregressive trend. The forecast appears to be
a better fit of the variable capital spending data,

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 4. Autoregressive Trend, Nominal
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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
Difference -5.0 -6.83
Conf. Interval (90%)
Newey-West [-3.24, 4.24] [-4.29, 5.98]
Bootstrapped [-4.38, 5.39] [-5.37,7.05]

Table 1 summarizes the results from applying a
linear forecast to the differenced series.l?
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

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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be contacted at ford@phoenix-center.org.
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