
Accounting for Innovation in Consumer Digital Services:
Implications for economic growth and consumer welfare

David Byrne, Federal Reserve Board
Carol Corrado, The Conference Board and Center for Business and

Public Policy, McDonough School of Business, Georgetown University

IMF Statistical Forum, Washington, D.C.,
November 16-17, 2017

#MakeEconomiesMeasurableAgain

Carol Corrado Consumer Digital Innovation IMF Statistical Forum 1 / 20



Slow productivity a puzzle in view of consumer digital innovation . . .

Timeline of innovations in consumer
content delivery
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Household digital network use has increased dramatically since 2000

is now used by three-quarters of American adults; the use of mobile devices providing internet access

nearly anywhere at any time shot up just as broadband penetration gains began to slow; and an

increasing number of adults, for good or ill, tax their home network with work activity. And, these

indicators only begin to tell the story. The examples of rising quality delivered per unit of time spent

connected are obvious: on-demand streaming of a seemingly endless library of video on nearly any

device with a screen, high-quality video and still photography on your phone, seemingly intelligent

navigation applications that thread us through traffic and entice us into the approaching coffee shop

with coupons, etc. Although the standard approach in both national accounting (owner-occupied

housing) and the productivity literature (when consumer durables are capitalized) is to ignore the

utilization dimension, this paper finds that this convention leaves one of the most important aspects

of the digital transformation of consumer activity out of the picture.

Indicators of U.S. Consumer Digital Capital Use

(a) Broadband Use (b) Mobile Device Use (c) Prevalence of Telework

The roadmap of this paper is as follows. First we set out a framework for thinking about (a)

how capitalization of consumer digital goods impacts measured GDP and productivity, and (b) how

household utilization of stocks fits into the picture, including their impact on payments for digital access

services. Then we set out our empirical approach and present our results, which begin in 1985. We find

that real consumer digital capital services grows more than 20 percent per year and contributes a tad

less than 1/4 percentage points per year to real GDP growth (1985 to 2015). Our framework measuring

real spending for network access services produces estimates that also growth about 20 percent per

year. The implications of these estimates for productivity and consumer welfare are spelled out in the

last section of the paper. They portray an economy in which the many innovations in the delivery of
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A lot of quality change in content delivery devices

www.conferenceboard.orgCarol Corrado, The Outlook for the US Economy, Brookings, Mary 31, 20175
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Research question:

Will capitalizing consumer digital goods capture consumer digital innovation, esp.
innovations in content delivery, in national accounts?
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• Account for consumers’ intensity of use of digital devices
• Address demand complementarity between network access services (i.e., paid

services) and imputed services obtained via ownership of digital gizmos

Carol Corrado Consumer Digital Innovation IMF Statistical Forum 5 / 20



Research question:

Will capitalizing consumer digital goods capture consumer digital innovation, esp.
innovations in content delivery, in national accounts?

Yes, as long as measurement objective is real consumption and . . .

• Use quality-adjusted prices for digital devices
• Account for consumers’ intensity of use of digital devices
• Address demand complementarity between network access services (i.e., paid

services) and imputed services obtained via ownership of digital gizmos
◦ Imputed services are an estimate of what has come to be called “free goods"
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What happens with capitalization?

Figure: U.S. ICT Final Output Share

• Relabeling household
consumption as investment
doesn’t change GDP

• But imputing service flows from
that capital raises GDP

• Gauging by the PCE investment
share—1.3 percent of existing
GDP—the impact is large

• . . . and will punch above its
weight if the new output posts
real price declines
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Methods
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Demand Complementarity

• Consumer digital services reflects not only their use of digital devices but also
their take up of network access services.

• The typical business model for access services is a subscription. Households
pay a monthly fee in return for continuous access to a range of delivery
modes, e.g., broadband, smartphone, cable TV, etc.

• Demand complementarity between the use of devices and use of access
services raises both possibilities and challenges for measurement
◦ Exploit the degree to which each access mode is utilized to obtain a measure

of use intensity
◦ Services quality for each access mode (a delivery process) is, then, this use

intensity
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Consumer prices

Digital capital services
• Define λ = a factor of proportionality representing the average use intensity of

consumer digital stocks, where λ̇ 6= 0 is a disequilibrium phenomenon

• Measure imputed household digital service flows PSH
T SH

T in the standard way, i.e.,
via user cost expression (ρ+ δHT )P IHT KH

T ,

◦ where P IHT is a quality-adjusted asset price index for digital stocks

• Log price change for consumer digital capital services is ˙
PSH

T =
˙

P IH
T − λ̇

◦ Suggests trends in household use rates influence consumer’s willingness-to-pay
for digital access equipment
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Consumer prices (continued)

Digital access services

• Producer perspective: services are denoted as POB
T OB

T , where
OB
T
N

is the potential

quantity of services offered per user (or plan), and P
OB
T OB

T
N

is the average price of a
plan.

• Consumer perspective: payments for subscription plans are PCB
T CB

T where CB
T is the

quantity of services consumed.

• Define the quantity of access services consumed as consumer Internet Protocol
traffic (IP), in which case CB

T = IP, and the price index for purchased digital access

services is PCB
T =

P
OB
T OB

T
IP

.
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Consumer prices (continued)

Digital access services, continued
• It also follows that we can link λ, the average use intensity of consumers digital

capital, to access services as follows: λ =
CB
T
N

= IP
N

• This measure of λ absorbs a chain of utilization margins, the most subtle of which
is that, depending on the nature of the applications run by consumers, the number
of unduplicated hours consumers devote to connectivity will not necessarily
translate one-for-one to IP traffic.

◦ Other margins include that the number of users may differ from the number of plans;
the number of devices may be greater than the number of users, and hours per plan
and per device and per user may change over time.

• The combined changes in the various margins of use—the λ̇ that enters
(disequlibrium) changes in the consumer digital capital services price—is the
difference between the price index for access services and the average price paid:

λ̇ =
˙

PCB
T −

˙(POB
T OB

T

N

)
.
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Implementation

• Focus on 14 detailed product classes of consumer digital goods (TVs,
computers, cameras, etc.)
◦ All products are capitalized
◦ Quality-adjusted asset price change is estimated for all products (based in part

on Byrne and Corrado, 2015, 2017)
◦ Capital services prices for a subset, termed “network access equipment", are

adjusted for use intensity.

• Develop price index for access services from 5 categories of service: internet
access, smartphone, subscription video-on-demand, conventional cellular
phone, cable TV)
◦ We have IP data traffic for the first three types of services; grows very fast,

especially mobile data IP traffic.
◦ We use hours for cable TV and assume 24 hours for conventional cellular

phone (i.e., no use adjustment).
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Results
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Price change for consumer digital assets

Declines in official price index are understated after 2000
Access equipment price declines slow after 2000
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Price change for consumer digital access services

Declines in official price index are understated by 10 ppts, on average, after 2005
Implied λ̇ contributes additional -6 ppts to consumer capital services price change after 2005
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Results show a sizeable impact on U.S. real GDP growth

New consumer digital services measures (both series) add .7 ppts per year since 2005
Swing in post-2005 growth is .2 ppts per year
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Implications for Consumer Surplus and Productivity
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Methods imply large consumer surplus from innovations in content delivery

Equivalent to 16 percent of the change in DPI that occurred between 2005 and 2015.

• Cannot look at individual
innovations or compute
Harberger-type triangles

• But can use new series to
compute CS from continuing
commodities as
.5
(
∆P

SH
T

T ∆SH
T

)
+

.5
(
∆P

CB
T

T ∆CB
T

)
• Kick comes because we are

measuring consumption and
using quality-adjusted price
measures

capture what is going on. Following Diewert and Fox (2017), we calculate the consumer surplus from

continuing commodities as

.5
(
∆P

STH

T
T ∆ST

H

T

)
+ .5

(
∆P

STB

T
T ∆ST

B

T

)
.(18)

We do this for two periods, 1995 to 2005, and 2005 to 2015, and examine the change. The results are

presented in table 7.

Table 7: Consumer Surplus from Innovations in
Digital Content Delivery, billions of dollars

1995 to 2005 to Acceleration
2005 2015 (2) - (1)

(1) (2) (3)

1. Consumer surplus 381.7 1,074.8 693.1
2. Capital services 349.7 784.9 435.2
3. Access services 31.9 289.9 257.9
Fraction of ∆DPI:
4. Consumer surplus .10 .27 .16
5. Capital services .09 .20 .10
6. Access services .01 .07 .06

Note: DPI is disposable personal income, adjusted to include imputed dig-
ital capital income. The fractions in column 3 are calculated relative to the
2005 to 2015 change in DPI.

As may be seen, the increase in consumer welfare due to innovations in digital content delivery

during the first 10 years of this century (compared with the last 10 of the previous one) is estimated

to be nearly $700 billion (line 1, column 3). This acceleration is equal to 16 percent of the ten-year

change in disposable personal income (line 4, column 3). The gain in capital services (“free goods”)

accounts for more than half of the increase.

Turning now to the implications for productivity growth, based on line 8a of table 6, adopting

the results presented in this paper would shave about 1/4 percentage points from the slowdown in

total factor productivity (TFP) growth in the United States. While small relative to the existing

1.4 percentage points TFP growth slowdown according to BLS estimates (total economy basis), the

revision is consequential nonetheless. Equally consequential is the prospective contribution of this

paper’s estimates of consumer digital services to the underlying trend in total economy output per

hour growth in the United States. This prospective contribution is summarized in table 8.

23
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Productivity and Concluding Remarks

Large productivity impact—about .6 ppt per year contribution to long-term growth in output per
hour (computed assuming λ̇ = 0)

• The household has been an important locus of the ongoing ICT revolution and
arguably the most visible in recent years.

• Are national accounts missing consequential output and income associated with the
innovations in consumer content delivery that have taken place?
◦ Capitalizing long-lived consumer purchased of digital goods
◦ Accounting for their increased use as content delivery devices
◦ Capturing quality change in digital goods prices
◦ . . . would all appear to be necessary to avoid significant bias to GDP.

• Capturing this “hidden” consumer services innovation—like the “hidden” cloud
services innovations in the business realm—has notable productivity implications
◦ For an analysis of the long-term productivity implications of cloud and related

ICT services, see Byrne and Corrado, International Productivity Monitor 33
(Fall 2017).
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Thanks. #MakeEconomies MeasurableAgain
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