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RECOGNITION OF SOFTWARE AS INVESTMENT IN THE U.S. NATIONAL ACCOUNTS

1. In the August 1999 Survey of Current Business, the Bureau of Economic Analysis (BEA)
described the major definitional and classificational changes that are to be made as part of
the upcoming comprehensive, or benchmark, revision of the national income and product
accounts (NIPA’s) to be released October 28, 1999.1

2. One of the most significant changes to be made in this revision is that  business and
government expenditures for computer software will be recognized as fixed investment,
beginning with 1959.  Currently, except for software embedded in equipment by the
producer of that equipment, business purchases and the costs associated with own-account
production of software are classified as inputs to production, and government purchases
and own-account production of software are classified as government consumption
expenditures.  (“Own-account” production refers to software produced by a business or
government for its own use.).

3. Based on preliminary estimates for 1996, this change will increase GDP by about 1 ½
percent, or $115 billion-about $95 billion in private fixed investment and about $20 billion
in government consumption expenditures and gross investment.

4. The first section of this paper is excerpted from the Survey article.  It details the changes to
the accounts that will result from the new treatment for software.  The second section is an
expansion of the “Technical Note” from the article which describes the methodology that
will be used to prepare the software estimates.  A copy of the article may be found at
BEA’s Internet website at <www.bea.doc.gov>.

Business and government expenditures for software

5. Business and government expenditures for software will be recognized as fixed
investment, beginning with 1959.  This change represents another step in the effort to
improve the NIPA measures of investment and saving.  Software will be recognized as
investment because, like other assets currently included in fixed investment, it produces a
flow of services that lasts more than 1 year; BEA estimates that the average service life is
3-5 years, depending on the type of software.  The new treatment also eliminates an
inconsistency in the NIPA estimates of investment, in which “embedded,” or bundled,
software is included but software purchases by both business and government are
excluded.  The change will provide users of the accounts with better information on the
important role of software in the economy, reflecting the rapid growth in software

                                                     
1 Brent R. Moulton, Robert P. Parker, and Eugene P. Seskin, “A Preview of the 1999 Comprehensive Revision

of the National Income and Product Accounts: Definitional and Classificational Changes,” Survey of Current
Business 79 (August 1999): 7-20.
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purchases in the past decade.  In addition, it will make the NIPA’s more consistent with
the economic accounts of most other countries.2

6. Currently, except for software embedded in equipment by the producer of that equipment,
business purchases and the costs associated with own-account production of software are
classified as inputs to production, and government purchases and own-account production
of software are classified as government consumption expenditures (“own-account”
production refers to software produced by a business or government for its own use).

7. As a result of the new treatment, GDP will be increased by business purchases and own-
account production of software, by government enterprises purchases and own-account
production of software, and by the depreciation, or consumption of fixed capital (CFC), on
general government purchases and own-account production of software.  For general
government, the depreciation represents a partial measure of the services of the stock of
government software.3

8. The effects on NIPA components due to the recognition of software as investment by
business and by government are described below, followed by a description of  how the
recognition will affect the NIPA tables, including the five summary accounts.4

Business

9. Business purchases of software will be added to fixed investment and thus to GDP.
Currently, these purchases are treated as intermediate inputs; as a result, they are omitted
from the calculation of GDP as the sum of final expenditures, and they are subtracted from
gross output in the calculation of gross product by industry.  Business own-account
software production, measured as the sum of the costs of production, will also be added to
fixed investment and thus to GDP.  For the calculation of industry gross product, own-
account software production will be redefined as part of gross output and thus will be
added to the gross output and gross product of industries engaged in producing own-
account software.5

10. The recognition of software as investment will also affect the business incomes and private
CFC components of GDI.  Business incomes (proprietors’ income and corporate profits)
will be increased by the elimination of the deductions for the purchases of software and by
the reclassification of own-account software from consumption to investment.  These
effects will be partly offset by the deduction of the CFC on both purchased software and
own-account software production.

                                                     
2 As part of the 1993 revision of the international guidelines, the definition of investment was expanded to

include the following types of intangible assets that are expected to be used for more than 1 year:  Mineral
exploration, computer software, databases, and literary and artistic works.  The NIPA’s previously had
included mineral exploration as investment; the recognition of databases and literary and artistic works as
investment was not considered for this comprehensive revision.

3 The service value of an asset should be measured as the reduction in the value of the asset as a result of its use
in the current period (measured by the depreciation) plus a return equal to the value the asset could earn if it
were invested elsewhere.  Source data to estimate this return are not currently available.

4 For both business and government, purchases of software will consist of purchases of both prepackaged and
custom software.

5 This treatment is the same as that for own-account, or “force-account,” new construction and major improve-
ments, which is currently recognized as investment in private and government structures in the NIPA’s.
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Government

11. Purchases of software by general government agencies will be reclassified to gross
government investment from government consumption expenditures.  In addition, as is the
current convention for all government investment, the services of purchased software,
measured by depreciation, will be added to government consumption expenditures and
thus to GDP.6

12. Own-account production of software by general government agencies, measured as the
sum of the costs of production, will also be reclassified to gross government investment
from government consumption expenditures, and CFC on own-account software
production will be added to government consumption expenditures.  As a result of the
reclassification of the costs of own-account software production, the compensation of
employees engaged in own-account production and the related costs of production, such as
rent and utilities, will be classified as investment expenditures rather than as consumption
expenditures.  The gross product of general government, which is measured as the sum of
compensation of employees (including compensation related to own-account production)
and CFC, will increase by the value of the CFC of software investment.

13. For government enterprises, purchases of software and own-account software production
will be added to gross government investment and thus to GDP.7  Government
consumption expenditures will not be affected, because the current purchases of
government enterprises are treated as costs of production and thus are deducted in the
calculation of the current surplus of government enterprises, a business-type income
component of GDI.  The effect on the current surplus of government enterprises is similar
to that on proprietors’ income and corporate profits discussed above; that is, the surplus
will be increased by the elimination of the deductions for the purchases of software and by
the addition of the value of own-account software production as a receipt, and it will be
reduced by the deduction of the CFC on both purchased software and own-account
software production.

Effect on the five NIPA summary accounts.

14. The recognition of business and government expenditures for software as investment will
affect the following major components of the five summary accounts.8

15. In the national income and product account (account 1), GDP will increase to reflect the
amounts of purchased and own-account software by business in private fixed investment,
of purchased and own-account software of government enterprises in gross government
investment, and of software CFC of general government in government consumption

                                                     
6 For a discussion of the treatment of investment by government agencies, see “Preview of the Comprehensive

Revision of the National Income and Product Accounts: Recognition of Government Investment and
Incorporation of a New Methodology for Calculating Depreciation,” Survey 75 (September 1995): 33-41.

7 For a detailed discussion of the treatment of government enterprises, see “Recognition of Government
Investment,”  34-35; and Government Transactions, Methodology Paper No. 5 (November 1988), which is
available from the National Technical Information Service, accession no. PB 90-118480, and on BEA’s Web
site at <www.bea.doc.gov>.

8 The summary NIPA accounts are shown as Table 2 in the August 1999 Survey, p. 9.
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expenditures.  Purchased software by general government agencies will be reclassified
from government consumption expenditures to gross government investment.  Within
GDI, the components proprietors’ income, corporate profits, and the current surplus of
government enterprises will increase for most periods, because the elimination of
deductions for purchased software and the reclassification of own-account software from
consumption to investment are expected to exceed the deduction of software CFC.  The
CFC component of GDI will increase to reflect the addition of the software CFC.

16. In the personal income and outlay account (account 2), personal income and personal
saving will increase for most periods by the amount of the change in proprietors’ income.

17. In the government receipts and expenditures account (account 3), government
consumption expenditures will decrease for most periods by the sum of the amounts of
general government purchased software and of general government own-account
compensation and other production costs, less the amount of general government software
CFC.  The current surplus of government enterprises will increase by the sum of the
amounts of government enterprises purchased software and of government enterprises
own-account compensation and other production costs, less the amount of government
enterprises software CFC.  The “government current surplus or deficit” will increase for
most periods by the amounts of the change in government consumption expenditures and
the change in the current surplus of government enterprises.

18. In the foreign transactions account (account 4), receipts from the rest of the world and
payments to the rest of the world will not be affected.

19. In the gross saving and investment account (account 5), personal saving, undistributed
corporate profits, CFC, the government current surplus or deficit, private domestic
investment, and gross government investment will change as described above.  Gross
saving and gross investment will increase by the same amount as the sum of the changes in
gross private domestic investment and in gross government investment.

Changes in series titles.

20. The recognition of software as investment will result in the following changes to series
titles for major NIPA tables:  The title of the nonresidential producers’ durable equipment
component of gross private fixed investment will be changed to “equipment and software”;
the title of the residential producers’ durable equipment component of gross private fixed
investment will be changed to “equipment”; and the title of the equipment component of
gross government investment will be changed to “equipment and software.”  In addition,
annual and quarterly estimates of private investment in software will be published.

Methodology for Estimates of Software Investment

21. This section describes the methodologies that BEA has developed to prepare (1) annual
estimates of business and government purchases of software, (2) annual estimates of own-
account production of software, (3) price indexes that are needed to prepare the real
estimates for both types of software, and (4) estimates of consumption of fixed capital
(CFC) and business incomes.  The methodologies used to prepare the estimates for the
most recent periods are described at the end of the note.
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Current-dollar estimates

22. For 1987 and 1992, the estimates of business and government purchases of prepackaged
software and custom software are based on estimates from the benchmark input-output
(I-O) accounts.  For other years, estimates are prepared using the commodity-flow method
in which directly measured output is allocated among the various expenditure components,
primarily using relationships from the benchmark I-O accounts.9  Table 1 shows the
primary source data for the commodity flow estimates for 1960-98.

Purchased software.

23. First, the estimates of the total output of purchased software are derived.  Beginning with
1985, output is based on industry receipts data from the Census Bureau’s service annual
survey.10  For 1960-84, output is based on trade source data on revenues for software and
computer services, and for 1959, output is based on a judgmental trend based on computer
purchases.  Second, estimates of purchases by households are derived, beginning with
1974.  For 1977-91, these purchases are estimated using data from the Bureau of Labor
Statistics (BLS) consumer expenditures survey; for 1992, these purchases are from the
benchmark I-O table and are based on Census Bureau retail sales and services receipts
from the 1992 Economic Censuses; and beginning with 1993, these purchases are based on
data from the Census Bureau retail trade surveys.  Third, net exports of software are
derived, beginning with 1960, from data on trade in goods from the Census Bureau.11

Fourth, estimates of business purchases of software that is embedded in other equipment
and of the change in business inventories of software are prepared using benchmark I-O
relationships of these transactions to total output.12  Fifth, total investment is estimated as
the difference between total output and the sum of the estimates from steps two, three, and
four.  Finally, the total investment estimates are divided between business purchases and
government purchases, using benchmark I-O relationships of business purchases and of
government purchases to total investment.

                                                     
9 For a description of these accounts, see U.S. Department of Commerce, Bureau of Economic Analysis,

Benchmark Input-Output Tables of the United States, 1992 (Washington, DC: U.S. Government Printing
Office, 1998).  For a description of the commodity-flow method, see Benchmark Input-Output Tables, M-5.

10 Beginning with 1990, the receipts data are derived from data for the following two industries: Computer
programming services (SIC industry 7371) and prepackaged software (SIC 7372).  For 1985-89, the receipts
data are derived from data for the computer and data processing services industry (SIC 737).

11 Except for software purchases by nonprofit institutions serving individuals, the definitional change does not
affect the current estimates of consumer purchases or exports and imports of software, so these estimates are
used in the new methodology.  For the nonprofit institutions, whose operating expenses are included in
consumer spending, the definitional change will affect these estimates to the extent that their purchases of
software, which will no longer be recorded as expenses, differ from the depreciation on software, which will
be added as an expense.

12 Annual estimates of software inventories are available only from the benchmark I-O tables.  For the
calculation of investment in prepackaged software, it is assumed that the inventory changes for all years
except 1987 and 1992 are zero.
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Own-account software

24. Newly developed estimates have been prepared to measure this type of investment in
software.13  Own-account production of software is measured as the sum of production
costs; in general, these costs consist of the following:  Intermediate inputs; factor incomes,
such as compensation of employees; nonfactor charges, such as indirect business taxes;
and CFC.  Because of the lack of available source data, these costs are limited to
intermediate inputs and compensation of employees.

25. Table 2 shows the primary source data and methods for calculating own-account software
investment.  For 1985-96, total output of own-account software is calculated by
multiplying the number of programmers and systems analysts in selected industries times a
factor to account for the share of time spent doing tasks associated with software
investment, times the median wage rate in those industries, times various factors that cover
nonwage compensation costs and intermediate inputs.  Data on the number of computer
programmers and systems analysts by industry are then used to provide estimates of output
for private employees, for Federal Government employees, and for State and local
government employees.

26. Data on the number of programmers and systems analysts are available from BLS by
occupation and by industry.14  In order to avoid double-counting the work performed by
some of these employees to create embedded software or to produce software for sale, an
adjustment is made to the total number of programmers and systems analysts that reduces
the number of employees from the mining, manufacturing, and business services
industries.  This adjustment is made judgmentally on the basis of unpublished BLS data on
the employment of computer programmers and systems analysts as a share of all industry
employment.

27. Data on the proportion of time spent by programmers and systems analysts on the
development of new software are based on a private study.15

28. Wages are derived from BLS data on median weekly earnings for computer programmers
and systems analysts.16  The other production costs are derived as follows:  Nonwage
compensation, on the basis of the relationship between compensation and wages derived
from published NIPA data by industry;17 and intermediate inputs, on the basis of the

                                                     
13 Federal Government agencies provide data on obligations for information technology to the Office of

Management and Budget; however, these data do not provide sufficient detail to estimate the costs that are
solely related to own-account production.

14 See Bureau of Labor Statistics, “Employment by Occupation and Industry, 1983-96" in the National Industry-
Occupation Employment Matrix (unpublished).

15 Barry W. Boehm,  Software Engineering Economics (Englewood Cliffs, NJ:  Prentice-Hall, 1981):  533-35,
548-50.

16 See “Median Usual Weekly Earnings of Full-time Wage and Salary Workers by Detailed Occupation and
Sex, 1996,” Employment and Earnings (January 1998): table 39. The estimates in this table are based on data
collected in the current population survey.

17 See NIPA tables 6.2, 6.4, and 6.6.
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relationship between intermediate inputs and compensation derived primarily from the
Census Bureau’s census of service industries.18

29. For years before 1985, this methodology is modified to reflect the availability of source
data.  For 1972-84, the modifications are as follows:  Trade source data are used for the
total number of programmers and systems analysts; the NIPA measure of wages and
salaries per full-time equivalent employee for the business services industry (SIC 73) is
used for the median wage rates of business; and price indexes for compensation of Federal
nondefense employees and for compensation of State and local noneducation employees
are used for median wage rates for government.  For 1959-71, a different methodology is
used; the business and the government estimates of own-account software production are
extrapolated back using NIPA estimates of business purchases of computers and peripheral
equipment.  For 1997-98, business own-account software is extrapolated using NIPA
estimates of private fixed investment in computers and peripheral equipment;  government
own-account software is extrapolated using NIPA Federal government gross investment in
computers and peripheral equipment.

Prices

30. Currently, the information available on price indexes for prepackaged software is limited,
and no price indexes are available on the prices of custom software or own-account
software.  Methodologies for estimating each of the price indexes have been developed by
BEA.  As described in this section, they vary depending on the information available to
support the estimation process.

Prepackaged software

31. Different methodologies are used to estimate the price index for prepackaged software in
different time periods because the source data used do not cover the full 1959-98 period
for which estimates are prepared.  Table 3 shows the source data and the methodologies
used.  The price index is based on information from the following sources:  a BEA hedonic
price index for 1985-94 for business applications software; BEA matched-model price
index for selected types of prepackaged software, including spreadsheets, databases, and
word processing for 1993-97; matched-model price indexes for 1985-93 that were
developed by Steven Oliner and Daniel Sichel;19 and beginning with December 1997, a
Bureau of Labor Statistics (BLS) producer price index (PPI) for applications software that
is also based on prices of matched models.

32. For 1985-93, the quality-adjusted price index is estimated by combining the BEA-
developed hedonic price indexes and the Oliner-Sichel matched-model indexes.  BEA
developed hedonic price indexes for two types of prepackaged software-spreadsheets and

                                                     
18 The relationship is primarily based on data in the 1987 Census of Service Industries: Capital Expenditures,

Depreciable Assets, and Operating Expenses (Washington, DC: U.S. Government Printing Office (GPO),
1991) and the 1992 Census of Service Industries: Capital Expenditures, Depreciable Assets, and Operating
Expenses (Washington, DC: U.S. GPO, 1996).

19 Steven Oliner and Daniel Sichel, “Computers and Output Growth Revisited: How Big Is the Puzzle,” in
Brookings Papers on Economic Activity vol. 2 (Washington, DC, 1994): 299-301.
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word processing.20  These hedonic price indexes are estimated using a methodology that is
an extension of earlier work on software prices by Brynjolfsson and Kemerer and by
Gandal.21  The price index estimates are based on regressions in which the logarithm of
prices of prepackaged software is a linear function of selected quality characteristics and
of dummy variables for each year of the price observations.  The resulting indexes are
“regression” price indexes in which the coefficients of the dummy variables for each year
are used to construct price index values for the sample periods of the regressions.22  The
individual hedonic price indexes for the two types of software are weighted together
equally to produce a summary hedonic price index for prepackaged software.

33. For 1985-93, the prepackaged software price index is estimated using an unweighted
average of the percent changes in the Oliner-Sichel matched-model index and the BEA
summary hedonic index.  This approach reflects the concern that the hedonic index may
overstate price declines because over time, the characteristics of high-priced packages with
limited sales are incorporated into lower priced packages that have much greater sales.
(This, in effect, gives too great a weight to the values derived from the high-priced
packages.)

34. For 1994-97, source data to prepare hedonic indexes are not adequate, so BEA uses private
source data on retail prices and quantities sold to develop a matched-model index that
covers business-oriented software.  This index extends the Oliner-Sichel matched-model
index to 1997.  In addition, an annual bias adjustment is made because it is likely–
assuming less than complete market equilibrium--that the matched-model indexes
understate quality-adjusted price declines; quality improvements, such as enhanced power
and performance, tend to be introduced in new versions of software, so they are not
captured by the matched-model estimates.  The bias adjustment is equal to one-half the 6.3
percent per year difference between the matched-model index and BEA’s averaged index
for 1985-93.

35. For 1998, the BLS PPI for all applications software is used, also with the bias adjustment.
The BLS index is linked to a monthly version of the BEA matched-model price index in
December 1997.

36. The price index for prepackaged software is extended back from 1985 using an indicator
series that is equal to 60 percent of the annual change in the NIPA price index for
computers and peripherals.  This percentage corresponds to the average difference for

                                                     
20 The data on prices and quality characteristics used to estimate the regressions are obtained from published

editions of National Software Testing Laboratories’ Ratings Reports.  These data are available only until
1994.  Hedonic estimates were also made for database software, but the results were not adequate to support
the estimation of a price index.

21 Erik Brynjolfsson and Chris F. Kemerer, “Network Externalities in Microcomputer Software: An
Econometric Analysis of the Spreadsheet Market,” Center for Information Systems research Working Paper
No. 265 (Massachusetts Institute of Technology, November 1993), and Neil Gandal, “Hedonic Price Indexes
for Spreadsheets and an Empirical Test for Network Externalities, Rand Journal of Economics vol. 25, no. 1
(Spring 1994): 164-70.

22 For a discussion of the construction of quality-adjusted price indexes using hedonic methods, see Roseanne
Cole et al., “Quality-Adjusted Price Indexes for Computer Processors and Selected Peripheral Equipment,”
Survey of Current Business 66 (January 1986): 41-50.
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1985-97 in the annual rates of change in the computer and peripherals price index and the
annual rates of change in the prepackaged software price index.

37. Table 4 shows percentage changes in the prepackaged software price index for 1986-98
and the hedonic and matched-model price indexes used in its derivation.

Own-account software

38. The price indexes for own-account software investment are input-cost indexes that are
calculated from a weighted average of compensation rates for computer programmers and
systems analysts and the intermediate inputs associated with their work.23  (These
intermediate input costs vary somewhat, but they average slightly more than half the total
costs.)  Compensation cost indexes are estimated separately for government and for
business own-account software investment because the compensation rates for computer
programmers and systems analysts in the two sectors have moved somewhat differently
over time.  Table 5 provides an overview of the methodologies and data sources for the
own-account price indexes.

39. For 1972-96, chain-weighted indexes of input costs are calculated using estimates of
compensation of programmers, compensation of systems analysts, and intermediate inputs.
The business sector compensation rates for 1987-96 are based on BLS estimates of median
usual weekly earnings for programmers and systems analysts; for 1972-86, they are based
on NIPA estimates of wages and salaries per full-time equivalent employees in the
business services industry (which includes producers of the overwhelming majority of
prepackaged and custom software).  The government sector compensation rates are
derived from the NIPA price indexes for Federal nondefense compensation and State and
local noneducation compensation.  A single intermediate input cost index is used for
business and government for 1972-96; it is based primarily on detailed PPI’s.  These own-
account software price estimates are based on the assumption that the productivity of
computer programmers and systems analysts does not change; thus, increases in their
compensation rates pass directly into higher prices.  This assumption is the same as that
made elsewhere in the NIPA’s when prices are based on costs.

40. Beginning with 1997, a fixed-weighted index (1996 weights) of compensation rates and
intermediate input costs is used.  In the next annual NIPA revision, a chain-weighted index
will be incorporated for 1997.  The intermediate input costs index is calculated as it is in
earlier years.  The business sector compensation rates are based on the BLS employment
cost index for total compensation in private industry.  The government price indexes for
Federal nondefense compensation and State and local noneducation compensation
continue to be used to estimate the government price index.

41. Prior to 1972, a fixed-weighted index (1972 weights) of compensation rates and of
intermediate inputs is used.  Source data to calculate weights are not available for these
years.  For the business sector, the compensation rates are extrapolated back using the

                                                     
23 The price index estimates for business own-account software mirror the estimation process for current-dollar

software expenditures, which begins with wage rates for, and  numbers of, computer programmers and
systems analysts.  For a more complete discussion of the current-dollar estimates, see Brent Moulton, Robert
Parker, and Eugene Seskin, “A Preview of the 1999 Comprehensive Revision of the National Income and
Product Accounts: Definitional and Classificational Changes,” Survey, 79 (August, 1999) pp. 7-20.
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NIPA estimates of wages and salaries per full-time equivalent employee in the business
services industry.  The government sector uses the indexes for Federal nondefense
compensation and State and local noneducation compensation.

Custom software

42. Custom software consists of a mixture new programming and existing programs or
program modules, including prepackaged software, that are incorporated into new systems.
Therefore, the price index for custom software is constructed as a weighted average of the
percentage changes in the price indexes for business own-account software and for
prepackaged software.  The weights, which are selected arbitrarily, are 75 percent for
changes in business own-account software prices and 25 percent for changes in
prepackaged software prices.

43. Table 6 shows price indexes for selected years from 1960-98.  Since 1985, the first year
for which prices are directly measured, the price index for prepackaged software declined
steadily at an average annual rate of 9 ½ percent.  The price indexes for both business and
government own account software increased steadily over the same period, with annual
increases averaging roughly 3 percent.  The price index for custom software has fluctuated
narrowly, decreasing at an average annual rate of less than ½ percent from 1985 to 1998,
and has fallen slightly since 1995.

CFC and business incomes

44. The CFC estimates for software are derived from BEA’s capital stock estimates, which are
prepared using the perpetual-inventory method.24  In determining the depreciation pattern,
a 3-year service life is used for prepackaged software, and a 5-year service life is used for
both custom software and own-account software; the 3-year service life is the same as that
used in current tax law.  (These service lives roughly correspond to annual geometric
depreciation rates of 55 percent and 33 percent, respectively.)  For business, the capital
consumption allowance (or tax-return-based depreciation) is calculated using the same
service lives as the CFC; it is distributed by industry based on the distribution of the
capital stock of computers and peripheral equipment.

45. For consistency with the recognition of software as investment, the business incomes
(proprietors’ income and corporate profits) for each industry having investment are
changed as follows:  The costs of the production of own-account software are added as a
receipt, the deductions for the purchases of software are removed, and the depreciation on
purchased software and own-account software production is deducted.25.  The estimates of
own-account software production and purchases of software by industry and by legal form
of organization are based on the investment data from BEA’s capital stock estimates; the
estimates of depreciation are derived as described in the previous paragraph.

                                                     
24 For detailed information on the capital stock estimates, see Arnold J. Katz and Shelby W. Herman, “Improved

Estimates of Fixed Reproducible Tangible Wealth, 1925-95,” Survey 77 (May 1997): 69-92.

25 The changes reflect BEA’s use of business income tax returns as the primary source data for these NIPA
estimates.  Consequently, the actual amount of the change reflects the extent to which businesses have been
treating software purchases as investment for income tax purposes and have been deducting depreciation and
not the value of the purchase; a special BEA analysis of income tax returns of large corporations indicated
that the amounts that were depreciated were small.  For additional details, see Seskin, “Annual Revision of
the National Income and Product Accounts,” Survey 78 (August 1998):  28-29.
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Methodologies for recent-period estimates

46. Except for the estimates of the prices of prepackaged software, the estimates of software
investment for the most recent quarters are prepared using methodologies that differ from
those just described.  For current-dollar purchases of software by business and by
government, the last annual totals for these estimates, which are based on Census Bureau
receipts data, are extrapolated using total wages for the computer programming services
industry and the prepackaged software industry the two industries whose receipts are used
to extrapolate the most recent I-O benchmark estimates.

47. For current-dollar own-account production of software, recent trends in the business
purchases and in the government purchases of computers and peripheral equipment are
used to extrapolate the own-account series.

48. For prices of prepackaged software, the estimates are based on changes in the PPI for
applications software.

49. For prices of own-account software, a fixed-weighted index is calculated using the weights
of the most recent year for which source data are available.  The costs of compensation of
computer programmers and systems analysts are based on the BLS employment cost index
for private industry white-collar employees.  The costs of compensation of government
programmers and systems analysts are based on the NIPA chain-type price indexes for
compensation of Federal nondefense employees and for compensation of State and local
noneducation employees.  Estimates of prices for intermediate inputs are based primarily
on detailed PPI’s, as described earlier.

50. Price indexes for custom software are calculated as a weighted average of the percent
changes in the prices of prepackaged software and of business own-account software.
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Table 1.  Primary Source Data  for Prepackaged and Custom Software Investment

1960-76 1977-84 1985-86 1987 1988 1989 1990-91 1992 1993-98

Receipts A B C B C B

Intermediate consumption D C D

Exports and imports E F

Inventories G C G C G

Prepackaged PCE G H

Custom PCE G

Government share I C J C K

Sources:

A Computer Business Equipment Manufacturers’ Association estimates of software products and software professional services (1961-64 and 1966-69
are interpolations at constant rates of growth)

B Census Bureau, Service Annual Survey

C Input-output accounts estimate

D 1992 ratio of intermediate consumption to receipts held constant

E Trend projections backwards from 1989 estimate

F Balance of payments accounts estimates

G Zero values assumed

H NIPA estimates

I 1987 share held constant

J Shares interpolated linearly between 1987 and 1992 values

K 1992 share held constant
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Table 2.  Primary Source Data and Methods for Calculating Own-Account Software Investment

1959-71 1972-84 1985-86 1987 1988-91 1992 1993-96 1997-98

Numbers of employees/1/ A B

Wages per employee C D

Compensation per employee E F

Operating expenses G H I H J

Own account software K L M

1. Computer programmers and computer systems analysts

Sources and methods:

A Computer Business Equipment Manufacturers’ Association; 1985 ratio of government to business held constant

B BLS’ National Industry-Occupation Employment Matrix (unpublished), separate estimates for 9 industries, Federal and State and local governments; separate
estimates for computer programmers and computer systems analysts

C Extrapolated back from 1987 using NIPA estimates of compensation per full time equivalent employee in the business services industry

D BLS estimates of median usual weekly earnings per full time wage and salary workers, based on data collected in the current population survey; separate estimates for
computer programmers and computer systems analysts

E NIPA 1985 ratio of compensation to wages and salaries held constant (business), and price indexes for nondefense compensation (Federal government) and
noneducation compensation (State and local governments) used to extrapolate compensation rates linked to the national median in 1985

F NIPA estimates of compensation versus wages and salaries; separate estimates for 9 industries, Federal and State and local governments

G 1987 ratio of operating expenses to compensation held constant

H Ratio of operating expenses to compensation, based on data from the Census of Service Industries, 1987 and 1992

I Ratios interpolated linearly between 1987 and 1992 values

J 1992 ratio of operating expenses to compensation held constant

K The sum of business and government own-account software extrapolated back using business purchases of computers and peripheral equipment and the ratio of
business and government own-account software (1972-81) to these purchases.  Government expenditures extrapolated back separately using the ratio of government
own-account software (1972) to these purchases; business expenditures derived as a residual.

L Share of operating expenses allocated to software investment held constant at 50 percent; share based on a private study

M Business own-account software extrapolated using business purchases of computers and peripheral equipment; government own-account software extrapolated using
Federal government purchases of computers and peripheral equipment.
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Table 3.  Prepackaged Software Price Estimates:  Underlying Source Data and Estimating
Methodologies

1959-84 1985-93 1994-97 1998

A B, C D E

Source data:

A BEA’s price index for computers and peripherals

B BEA’s hedonic price index for spreadsheets and word processors

C Oliner and Sichel’s matched model price index for data bases, spreadsheets, and word processors

D BEA’s matched model price index for selected types of prepackaged software

E BLS’s producer price index for applications software

Methodologies:  All calculations and weighs calculated using percentage changes from preceding
years.

1959-84: Series A times 0.6

1985-93: Series B times 0.5 plus series C times 0.5

1994-97: Series D less a bias adjustment of 3.15 percent

1998: Series E less a bias adjustment of 3.15 percent
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Table 4.  Prepackaged Software Price Indexes

(Percent change)

1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998

Hedonic

Matched-model

Prepackaged

  -15.0

  -10.7

  -12.8

   -9.6

   -2.3

   -6.0

  -21.2

   -0.9

  -11.0

   -31.3

     -2.1

    -16.7

   -22.7

     -2.9

   -12.8

   -10.2

      0.4

     -4.9

   -31.9

     -7.8

   -19.8

   -7.5

   -2.0

   -4.7

     –

   -5.4

   -8.6

     –

   -2.2

   -5.4

      –

    -2.5

    -5.7

     –

   -5.2

   -8.4

      –

    -5.0

    -8.1
Addendum:
Computers &
peripherals   -13.3   -13.7    -7.2      -6.9    -10.2    -10.4    -13.9  -14.1  -11.3   -18.1    -26.1   -26.5   -19.4
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Table 5.  Methodologies for Estimating Own Account Software Price Indexes

1959-71 1972-86/1/ 1987-96/1/ 1997-98

Compensation:

  Business:
     Programmers
     Systems analysts

  Government:

     Federal:
        Programmers
        Systems analysts

     State and local:
        Programmers
        Systems analysts

Intermediate inputs:

  Business
  Government

D
D

E
E

E
E

B
B

A/2/
A/2/

E
E

E
E

B
B

A/3/
A/3/

E
E

E
E

B
B

F
F

E
E

E
E

B
B

Own account investment:
  Business
  Government

C
C

C
C

C
C

C
C

Methodologies:

A Derived from compensation per employee (BLS and NIPA data):
[Employment*(Compensation/Wages)*National Median Wage Rates]/Employment

B Weighted average of PPI’s and BEA price indexes for materials, electricity, communications,
rent, depreciation, and overhead employee compensation

C Weighted sum of compensation indexes for programmers and computer systems analysts,
intermediate inputs costs index

D Extrapolated by NIPA wages and salaries per full-time equivalent employee in the business
services industry

E Price indexes for nondefense compensation (Federal government) and noneducation
compensation (State and local governments)

F Extrapolated using BLS’ Employment Cost Index for total compensation in private industry

Notes:

Estimated forward from 1987, and extrapolated back from 1987

Total private aggregates–no industry detail

Aggregated from nine industries
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Table 6.  Software Price Indexes

(1992 = 100)

1960 1965 1970 1975 1980 1985 1990 1995 1996 1997 1998

Prepackaged

Custom

Own account:
 Business
 Government

 4,358.1

      80.2

      23.5
      19.9

 2,049.8

      72.1

      26.0
      22.3

 1,223.1

      72.2

      30.5
      27.8

    760.0

      80.8

      40.9
      40.8

     394.7

      91.4

      58.4
      58.5

    247.5

    101.8

      77.7
      77.6

    131.1

    102.3

      94.9
      93.3

      82.5

    101.4

     108.3
     112.7

     77.8

    100.5

    109.0
    114.5

      71.3

      99.5

     100.6
     116.6

      65.5

      99.0

    112.9
    118.4

Addendum:
 Computers &
 peripherals 28,442.3  8,946.2  3,629.3  1,584.8     499.8    223.3     129.7       62.4       46.1       33.9      27.2

Note:  1996 will be the reference year for the estimates to be released October 28.


