


(5151) and cable programming (5152).2 We have combined the four BLS series into two
categories of telecommunications and broadcasting even though they exclude some elements of
the BEA aggregates.

The rapid output growth in telecommunications and its acceleration after the mid-1990s
is clearly evident at the top of the table where both the BEA and BLS data show growth rates in
excess of 10 percent. In fact, the underlying BLS data for wireless communications has an
average growth rate of 25 percent per year for the full period of 1987-2001. At the same time
there has been a notable acceleration of growth in broadcasting which is entirely due to the cable
programming component. However, the growth of value added in broadcasting differs
substantially from that of gross output because of large fluctuations in the ratio of value added to
gross output.

Both BEA and BLS estimates of labor productivity show rapid rates of increase in
telecommunications. However, the BEA measure of gross output per worker shows significant
acceleration in recent years, while the BLS reports high but steady rates of productivity growth
before and after 1995. These differences are largely due to the larger acceleration of output
growth in the BEA measure. Both data sets indicate very low rates of labor productivity growth
in broadcasting. In fact, the BEA value added measure is negative in two sub-periods and the
BLS reports zero growth over the 1987-2001 period.

The lower portions of the table display the decomposition of labor productivity growth
into the contributions of increased capital per worker, increased intensity in the use of purchased
inputs and multi-factor productivity growth. These measures are only available for the BEA data

set. For telecommunications, all three elements are important but the large contribution of

2 Internet service providers and publishers are part of the information sector in NAICS, industries 516 and
5181, but they had no specific assignment in the SIC.



purchased inputs is a surprise. A possible explanation would be the rapid expansion of intra-
industry transactions following deregulation. They are included in the BEA data; and as a form
of double-counting, they would contribute to a higher growth of both revenues and costs. The
large contribution of capital is anticipated since telecommunications is a very capital intensive
industry, and the boom of the 1990s in wireless communications and the growth of Competitive
Local Exchange Carriers (CLECSs) after passage of the 1996 Telecommunications Act resulted in
a very large expansion of the capital base. Growth in capital services and purchased inputs are
sufficient to account for all of the post-1995 acceleration of labor productivity, and we find no
increase in the pace of change in the output-based measure of MFP and only a small acceleration
for the value-added concept.

The decomposition of productivity growth for broadcasting also shows a large capital
contribution, particularly after 1995. This reflects increased investment in cable systems as they
upgrade to provide digital services. However, in this case the role of intermediate purchases
(primarily programming costs) is very unstable, growing rapidly up to 1987, declining as a share
of output up to 1995, and increasing again more recently. The result is a highly variable residual
measure of MFP and a very negative rate of change after 1995.

For both telecommunications and broadcasting, the purchase of intermediate inputs has a
major influence on the calculation of MFP. The inputs are a rapidly growing share of total
output in telecommunications and they fluctuate widely in broadcasting. It is possible that these
changes accurately reflect changes in industrial structure. However, it is also important to note
that inconsistencies may be introduced by the reliance on separate data sources to derive the
estimates of gross output and value added. As discussed in chapter _and Yuscavage (2000), this

is an issue of major concern with the BEA industry data set. BEA calculates intermediate



materials as the residual difference between the estimates of gross output and value added. This
contrasts with the I-O accounts that provide direct estimates of both gross output and purchased
inputs, with value added being the residual. The estimates of gross output are increasingly draw
from Census surveys of individual industries, with benchmark adjustments to align with the 1-O
accounts at 5-year intervals. The data source for the construction of the value-added measures
are similar to those used on the income side of the national accounts. Particularly for capital-
type income, the data are reported to the IRS on a company basis. Thus, the assignment of
incomes to specific industries requires a conversion to an establishment basis. There are no good
ways to make the conversion, and BEA apportions the income using a cross-classification of
employment by enterprise and establishment and the assumption that capital income per
employee for an establishment-based industry does not vary by industry of ownership.

In a world of constantly changing corporate structures, there are like to be significant
inconsistencies between the estimates of value added an gross output. However, the alternative
approach of estimating value added as the residual of gross output less purchased inputs is
frustrated by the lack of comprehensive source data on intermediate inputs — a particular problem
for service-producing industries.

We have constructed alternative estimates of purchased inputs form the annual Census
surveys of the communication industry (an industry where reasonably good information
purchased inputs does exist) for the period of 1990 to 2001. While the definitions are not
identical to those of the BEA accounts the pattern of change in the relationship between
purchased inputs and output should be the similar in the industry accounts and the Census
surveys. We define purchased inputs from the Census survey as operating expenses less wages

and salaries, supplemental wage benefits and depreciation.



The ratios of purchased inputs to total revenue from the Census and BEA data are shown
in figure 1. For telecommunications, there is a sharply rising trend to the share of purchased
inputs for the BEA data that is not evident in the Census survey. It arises because the estimate of
value added from the income-side sources of the national accounts increases more slowly than
gross output which is largely obtained from the Census survey. For broadcasting, the BEA data
indicates a large decline and subsequent rise in the share of purchased inputs over the 1990s.
Again, that pattern of change is not evident in the Census data. Further efforts to compare the
Census and BEA data indicate similar estimates of labor costs but very different patterns of
change in the estimates of capital income (defined as revenue less operating income plus
depreciation in the Census data). This result is very much in accord with the argument of
Yuscavage (2000) that it is increasingly difficult to apportion the income of large corporate firms
to the specific industries in which they operate. Broadcasting, for example, has gone through a
wave of corporate mergers between the broadcasters and the firms that supply their
programming.

BEA is currently engaged in a program to more closely integrate and reconcile its
estimates of industry value added with the benchmark I-O accounts. An integrated system has
become more feasible with the expansion of survey data from the Census Bureau on revenues
and operating expenses of service-producing industries. In the meantime, the potential
inconsistency of the industry apportionment of capital income with the measures of gross output
does create problems for the residual estimates of purchased inputs. These problems are most
troublesome for efforts to estimate the contribution of multi-factor productivity. Thus, we are

skeptical about the accuracy of the decomposition of labor productivity growth in table 2. A



slower rate of increase in purchased inputs, would directly impact on the estimates of MFP

growth, for which estimates of negative change over a multi-year basis do not seem credible.

Prices

The rapid pace of innovation in the communications sector has created particular
problems for the price index programs. New services must be introduced into the system on a
timely basis, and rapid changes in market shares can quickly outdate the weights that are used to
aggregate the price indexes. Furthermore, with deregulation the telecomm companies adopted
very complex pricing schemes combining increases in basic rates, with a large variety of
discount plans.

The CPI measure of telephone charges extends back for several decades, and it
distinguishes between local and long-distance service. However, a measure of cellular phone
services was not incorporated until 1998. Over the period from deregulation up to 1995, the CPI
provided the only price index covering long-distance phone service, and it used a methodology
that was not well-suited to the post-1994 period because it did not fully reflect the growth of
discount plans. To begin with, a fixed-weight index would not capture the increased share of the
market that was accounted for by the discount plans in the period between sample revisions.
Also, the shift from a standard to a discount plant is linked out of the index: since it is a new
specification or new product. That is, it is treated as a quality change rather than a price decline.

The potential magnitude of this problem is illustrated in the top panel of figure 2 and
table 3 which provide comparisons of the change in the CPI for interstate toll calls with an index
based on average revenues per minute from the Federal Communications Commission (FCC).

The FCC measure shows a much more rapid pace of decline, falling at an annual rate of 6.8



percent over the 1985-2001 period compared with 2.3 percent in the CPI. The comparison may
overstate the problem for consumer prices because we do not have measures of revenue per
minute that distinguish between business and consumer use. It is often argued that reduced
regulation resulted in a portion of the costs of long-distance service being shifted from business
to residential consumers. Competition and technological changes invalidated an old system
under which high charges to business provided a cross-subsidy to households. The CPIl and FCC
measures of the cost of local phone service are more similar (table 3).

Some observers have also questioned the appropriate treatment of the discount plans. To
some extent, they reflect differences in the quality of service: restrictions on time of use and the
lack of operator assistance for example. In other cases, the differences reflect efforts to capture
unsophisticated consumers. Thus, the adjustment for quality is not straightforward. Thus, it is
important to note that the FCC data, shown in figure 2, do not distinguish between peak and off-
peak usage.

The PPI began to include telephone services in 1995 and wireless was introduced in
1999. The BLS uses a mix of methods to compute price changes, but they all involve an effort to
initially price a homogeneous set of services and then aggregate using fixed base-period weights,
a Laspeyres index (Gerduk, 2001). In constructing the PPI for telecommunications, BLS has
emphasized a unit value calculation: computing revenues per minute within detailed
homogeneous service categories -- such as peak minutes, off-peak, call-forwarding, etc. In many
cases, they have been able to obtain data from all providers, rather than relying on a probability-
based sample. That method is used for all wireless and a growing proportion of the toll-based
long distance. For local service, they use a rate method that samples the rates that make up a

telephone bill of fixed characteristics. In principle, the PPI should capture the changes in the



structure of the various phone plans, but it still relies on base period weights that may lag in
capturing the changing composition of the market.

In the period since 1996, the PPI for telephone service shows substantial declines in long-
distance charges for business that are much greater than those reported for residential usage.

For example, the PPI for residential-base toll calls declined by 17 percent between 1995 and
2002, compared with 38 percent for business. The charges for local service have been roughly
constant in contrast with the increases reported by the CPI and the FCC. However, the CPI and
the PPI both indicate substantial declines in cellular phone charges for the few years for which
the data have been collected. The BEA measure of the price change for gross output of the
telecom industry has been based on the PPI since 1995, but it largely followed movements in the
CPl in prior years. Thus, it is likely that it under-estimates the growth in telecom output prior to
1995.

Several observers have also suggested that the available price indexes understate the
overall rate of decline in telecom prices because they fail to incorporate some of the new
services, such as broadband. Gilder (2000) has suggested, for example, that the availability of
infinitely abundant bandwidth, at low prices, will revolutionize the world. Bandwidth plays a
particularly critical role in the transmission of large amounts of data. It has been an area of
tremendous technological innovation, with the introduction of fiber-optic cable and improved
switching and routing devices, that rivals the pace innovation in computers. Galbi (2000)
examine trends over the 1990s in the price of bandwidth. He pointed out the importance of
properly defining a unit of broadband to price because it is geographically specific, i.e. New
York to Chicago. Thus, he needed to control both for bandwidth and distance ($/megabit/second

mile). Using data filed with the FCC for sales within local exchanges, he found that prices had



dropped about 20 percent in the first part of the 1990s, but that there was very little change after
1995. Galbi’s result, together with the small size of that market in terms of revenue, suggest that
broadband is not currently a large source of error in the construction of telecom price indexes,
but these type of new services are likely to require continual innovation in the price measurement

programs.

Role of IT Capital

Among the 54 industries that comprise the nonfarm sector in the BEA data file,
telecommunications and broadcasting rank first and second respectively in the intensity of the
use of IT capital. We define capital intensity as the average share of IT capital income in value
added or gross over the 1987-2001 period. In this case the choice between value added and gross
output is of little consequence for the rankings. On average, the income of IT capital accounted
for one third of value added in telecommunications and about one fourth in broadcasting.
However, as shown in table 2, the growth of the contribution of IT capital to labor productivity
in telecommunications has been high but not accelerating over the period. In contrast, the
contribution of IT capital in broadcasting has grown dramatically, particularly in the post-1995
period. That increase results from the faster rate of growth of IT capital in broadcasting,
primarily the cable segment.

The distribution of the capital stock in telecommunications and broadcasting is shown in
table 4 at the end of 2001. Both computer equipment and software and communications
equipment are part of the category of information processing equipment (IT capital), but the
share of computers is quite small. On the other hand, communications equipment represents

about a third of the capital stock in both telecommunications and broadcasting.
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The fact that communications capital is typically included with computers in the
discussion of IT capital has led some observers to expect that the quality-adjusted price of
communications equipment should follow that of computers. In the first half of the 1990s,
computer equipment prices fell at a 14 percent annual rate, accelerating to in excess of 20
percent in the 1996-2000 period. In contrast, prices of communications equipment have been
falling at only about 3 percent per year. As shown in figure 4, the price of communications
equipment has closely followed that of the total category of equipment and software.

Like computers, telecommunications equipment is also a heavy consumer of
semiconductors, which are the source of much of the decline in computing costs. Thus,
Jorgenson and Stiroh (2000) and others have suggested that the rate of price decline in
communications capital may be severely understated. Doms and Forman (2001) also noted that
the large volume of new patents in communications, identifies it as an area of rapid innovation.

Several recent studies have examined prices of communications equipment for evidence
that the rate of decline is understated in the official statistics. These studies and some additional
work are summarized in Doms(2003).®> He concludes that a conservative interpretation of the
results would suggest that communications equipment prices have been declining at about twice
the 3 percent annual rate shown in the official statistics. While the difference is substantial, the
rate of price decline is still much less than that of computers. One explanation for the slower rate
of decline is given by Aizcorbe, Flamm, and Khurshid (2002) who argue that semiconductors are

less important for communications equipment than for computers, and that the prices of the

¥ Some the major studies are Doms and Foreman (2003) on LAN equipment, Grimm (1996) for telephone
switches, and Aizcorbe, Flamm, and Kurshid (2002). Preliminary versions of the papers by Aizcorbe,
Flamm, and Khurshid and Doms and Foreman were presented at Brooking Workshop on
Communications Output and Productivity in February 2001. Doms (2003) extends the work to cover
fiber optic equipment, and modems.
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specific semiconductors used in communications equipment have fallen less dramatically. They
suggest that the difference in the utilization of semiconductors between computers and
communications equipment could explain a divergence in the change in equipment prices of

about 12 percent annually.

Summary

The communications industry has experienced very rapid growth output growth led by
the expansion of wireless in telecommunications and cable systems in the broadcast segment.
The gains in labor productivity have been very rapid in telecom, but surprisingly slow in
broadcasting. Both segment show rapid growth in capital per worker driven by increased use of
IT capital. However, we believe that the estimates of improvements in multi-factor productivity
may be unreliable because of problems in accurately measuring purchased inputs.

With respect to the measurement of prices, the new PPl measures for telecom services
provide reliable measures of price change since 1995, but there is some evidence that the price
indexes missed significant portion of the decline in long distance charges prior to 1995.
Furthermore, the adequacy of the measures of communications equipment is an area of
considerable uncertainty. To date, the research suggest that the rate of price decline is
understated for many types of communications capital, but the rate of price decline is
considerably less than that of computers. Overall, this review suggests that the rate of output and
labor productivity growth is currently being measured quite well, though it may have been
understated prior to 1995. However, because of the problems with the measures of purchased

inputs and capital goods prices, the estimates of MFP growth are very tentative.
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Table 1. Revenues of the Communication Sector, 1992, 1998, and 2001
billions of dollars

1992 1998
Revenue  Share Revenue  Share Revenue  Share
(billions)  (percent) (billions)  (percent) (billions)  (percent)
Communications Services 232.2 100.0 388.1 100.0 495.9 100.0
Telephone and Telegraph 174.9 75.3 294.4 75.9 378.1 76.3
Cellular and other radiophone 9.2 4.0 41.9 10.8 84.2 17.0
Wired and other 165.7 71.4 252.5 65.1 293.9 59.3
Radio and television 57.3 24.7 93.6 24.1 117.7 23.7
Radio broadcasting 7.0 3.0 11.6 3.0 13.7 2.8
Television broadcasting 22.8 9.8 32.8 8.4 33.9 6.8
Cable programming 27.5 11.8 49.3 12.7 70.1 14.1
Addenda:
Internet service providers* 11.4 29.7

Source:Census Bureau, Annual Survey of the Communications Sector, 1998 and the Annual Survey of Information

Sector Services, 2001. Data for 2001 is converted to a SIC basis using Census conversions for 1998.

1. NAICS industry 514191 in the 2001 Census annual survey.



Table 2. Ouput and Productivity growth in the Communications Industry, 1977-2001

Annual percentage rates of change

Telecommunications

Radio and Television

1977-87 1987-95 1995-01 1977-87 1987-95 1995-01

Output

BEA output 6.7 5.4 13.2 4.6 2.3 5.0

BEA value added 5.8 4.6 10.3 0.3 9.0 14

BLS n.a. 5.8 11.7 2.6 4.6
Employment

BEA 0.2 -0.4 4.5 3.7 2.1 3.2

BLS n.a. 0.8 4.6 2.7 4.4
Labor Productivity

BEA output 6.4 5.8 8.4 0.9 0.2 1.7

BEA value added 5.6 5.0 5.6 -3.3 6.7 -1.8

BLS 5.0 6.8 -0.1 0.2
Contributions of:

Capital per worker 2.2 1.6 1.2 1.1 1.8 3.2

IT capital per worker 1.1 0.9 1.0 0.7 1.0 2.3

Intermediate Inputs 2.4 2.5 5.6 3.4 -3.4 3.2
Multifactor Productivity

BEA Output 1.7 1.6 14 -3.5 1.9 -4.4

BEA Value Added 2.4 2.5 3.2 -5.4 3.3 -6.7

Source: Author's calculations based on industry data sets of BEA and BLS. Calculation of the



Table 3. Price Trends for Telecommunications
Annual percentage rates of change

Long Distance

Local Charge

FCC revenue CPI PPI FCC CPI PPI
per minute Interstate
1985-1995 -5.8 -2.3 2.2 2.9
1995-2001 -8.5 -2.3 -3.3 2.1 24 0.4
1985-2001 -6.8 -2.3 2.2 2.7

Revenue per Conversation Minute

International Interstate Overall
1992 1.04 0.15 0.19
1993 1.03 0.15 0.19
1994 0.96 0.14 0.18
1995 0.92 0.13 0.17
1996 0.78 0.12 0.16
1997 0.71 0.11 0.15
1998 0.68 0.11 0.14
1999 0.56 0.11 0.14
2000 0.52 0.09 0.12
2001 0.35 0.08 0.1




Table 4. Net Capital Stock of the Communications Industries, 2001
billion of dollars

Telecommunications Broadcasting & Cable

Billions of dollars Percent Billions of dollars Percent
Total Capital 693.1 100.0 166.4 100.0
Equipment 326.8 47.1 80.4 48.4
Computer equipment and software 22.5 3.3 35 2.1
Communication equipment 216.1 31.2 56.4 33.9
Transport 26.4 3.8 6.6 4.0
Electrical transmission & distribution 20.7 3.0 3.5 21
Other equipment 41.0 5.9 10.4 6.3
Structures 366.4 52.9 85.9 51.6
Telecommunications structures 255.5 36.9 45.8 27.5
Other Structures 110.9 16.0 40.1 24.1

Source: Bureau of Economic Analysis, Fixed Asset Tables, at
www.bea.doc.gov/bea/dn/home/fixedassets.htm

Figure 3. Price Indexes for Total Producer Equipment and Software and
Communications Equipment, 1980-2001
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Source: Bureau of Economic Analysis, National Income and Product Accounts, table 7.8




Figure 1. Comparison of Purchased Input Shares, Communications,
BEA and Census, 1990-2001
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Source: Authors' calculations from BEA Industry data and Census Bureau, Service Annual
Survey, 2001, and prior years

Note: Purchased inputs defined as operating expenses less wage and salary, wage
supplements, and depreciation.




Figure 2. Comparison of Alternative Measures of Telecom Charges, 1985-2001
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13.4. The CPI components are for the U.S. city average.
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