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Abstract. The Bureau of Economic Analysis (BEA) and the Bureau of Labor Statistics (BLS) use estimates of
depreciation rates for structures and equipment to construct estimates of capital stock from data on capital
investments. The depreciation rates are based mainly on research by Hulten and Wykoff from the early 1980s,
and may be out of date. Recent studies by Statistics Canada (2007 and 2015), using Canadian data on used asset
transactions from Canada’s Annual Capital Expenditures and Repair Survey (CAPEX) of establishments, found
relatively faster depreciation rates, especially for structures. A study by Bokhari and Geltner (2019) used U.S. data
on used asset prices and also found faster depreciation rates for structures. To illustrate the potential effects of
implementing these estimates from newer studies, we created a concordance to match Canadian to U.S. asset
categories, and then re-estimated BEA capital stock measures and the BLS capital and multifactor productivity
measures using depreciation rates based on the CAPEX survey. We find that using these faster depreciation rates
results in substantially lower estimates of net capital stocks and higher estimates of depreciation in BEA's

accounts, and has minimal effects on growth rates of multifactor productivity (MFP) in the BLS accounts.

l. Introduction

For both national accounts and productivity measurement, developing measures of capital stocks, capital
asset depreciation, and capital services are important tasks.! In the U.S., the Bureau of Labor Statistics (BLS)
develops measures of capital services for use in the construction of multifactor productivity growth (MFP)
measures for major sectors and detailed industries.? The Bureau of Economic Analysis (BEA) develops estimates
of economic depreciation, or consumption of fixed capital (CFC), to derive estimates of net fixed investment
(gross fixed investment less CFC), business income (such as corporate profits), and net saving. Estimates of stocks
of fixed assets, net of CFC, appear in BEA’s fixed assets accounts and in balance sheets for major sectors in the
Integrated Macroeconomic Accounts.® BLS and BEA use similar approaches to capital measurement, building

from BEA’s estimates of fixed investment, although specific assumptions differ. BEA’s capital measures and BLS's

1 Unlike countries with centralized statistical agencies, the U.S. has two different statistical agencies charged with compiling
the national accounts and productivity measures. The Bureau of Economic Analysis (BEA) is responsible for the national
accounts, while the Bureau of Labor Statistics is responsible for the productivity statistics.

2 BLS capital services data for major sectors and NIPA-level industries can be found here:
https://www.bls.gov/mfp/mprdload.htm#Capital%20Tables

3 BEA’s fixed assets accounts can be found here at https://www.bea.gov/iTable/index FA.cfm. The Integrated
Macroeconomic Accounts can be found here: https://www.bea.gov/data/special-topics/integrated-macroeconomic-accounts



https://www.bls.gov/mfp/mprdload.htm%23Capital%20Tables
https://www.bea.gov/iTable/index_FA.cfm
https://www.bea.gov/data/special-topics/integrated-macroeconomic-accounts

measures of MFP growth and capital services are often cited in discussions of economic growth and productivity
trends. These measures are potentially sensitive to estimates of capital asset depreciation, which is difficult to

measure.

This paper reviews recent research on depreciation rates and compares current BEA capital measures and
BLS capital and productivity growth measures to experimental measures constructed using alternative estimates
of depreciation. The depreciation rates for equipment and structures used by BEA and BLS are mostly based on
earlier studies by Hulten and Wykoff (1981a and 1981b, and Wykoff and Hulten 1979). More recent studies by
Statistics Canada (2007 and 2015) estimated faster depreciation rates, especially for structures. These studies use
Canadian data from their “Capital Expenditures and Repair Survey” of establishments, which includes a database
of used asset prices. A recent study of U.S. data by Bokhari and Geltner (2019) also found faster depreciation
rates for structures. In this paper, we estimate BEA and BLS capital measures using depreciation rates derived
from those currently used by Statistics Canada. Capital asset depreciation rates may differ across countries for
many reasons, including differences in the mix and scale of industries within each economy. Nevertheless, the
similarity of the results from Statistics Canada and Bokhari and Geltner suggests that the Statistics Canada rates
may provide some useful insights for the U.S. We show these alternative estimates to illustrate how the choice of
depreciation rates matters for key statistics such as MFP, net capital stocks, net investment, and for international
comparisons of these statistics. Based on a review of these papers and discussions with the authors and others,
we could not arrive at a clear consensus as to the most appropriate depreciation rates for the U.S, but we hope

this work leads to more research on the topic.

New empirical studies of depreciation rates are particularly valuable because they make use of the limited
information available on used capital asset sales to capture depreciation rates of new and potentially improved
capital assets, as well as changes in depreciation of existing capital assets. True depreciation rates reflect physical
deterioration and obsolescence, both of which change over time because of changes in general economic

conditions, tax laws, laws affecting construction, and technological change. Depreciation rates may also change



over time as a result of changes in the nature of the capital assets and their uses in production. Capital assets
have increasingly incorporated semiconductor and computer technology whose rapid improvement creates
incentives for replacing even recent purchases. The “Fourth Industrial Revolution” now taking place incorporates
technologies which link physical, digital, and biological realms.* Examples of such technologies include the
Internet of Things (loT), 3-D printing, robotics, virtual reality, and autonomous vehicles.> Cell phones, cameras,
calculators, and GPS devices have often been replaced by smart phones; cloud computing has surpassed the use
of in-house resources; and social networking has impacted communication modes. Manufacturing changes
include smart factories, improved industrial robots, and more agile automated production platforms using, for
example, innovations such as automated guided vehicles that can be reconfigured as production needs change,
instead of fixed conveyer systems.® These changes could speed up rates of depreciation and obsolescence.
Service lives of other capital assets may have increased as newer vintages are built better and retain productive

value longer.” .

4 “Disruptive” technologies change existing industries meaningfully; they do not just add products or slightly reduce costs. See

for example Bernard Marr, “Why Everyone Must Get Ready for the 4™ Industrial Revolution,” Forbes (blog).
https://www.forbes.com/sites/bernardmarr/2016/04/05/why-everyone-must-get-ready-for-4th-industrial-
revolution/#4816522279c9; C. M. Christensen, M. E. Raynor, and R. McDonald, (2015) “What is Disruptive Innovation,”
Harvard Business Review, December, 2015, pp. 44-53, https://hbr.org/2015/12/what-is-disruptive-innovation; and Airini Ab
Rahman, Umar Zakir Abdul Hamid, and Thoo Ai Chin, “Emerging Technologies with Disruptive Effects: A

Review” (PDF). PERINTIS elJournal, 2017, Vol 7, No. 2, pp. 111-128.

https://www.researchgate.net/publication/321906585 Emerging Technologies with Disruptive Effects A Review

5 The “Internet of Things” refers to the idea that vast numbers of devices might be connected and exchange data through the
internet. To the extent vehicles, medical devices, warehouses, homes, and other physical objects are connected, greater
automation of industry is possible. A formal definition of the Internet of Things as “objects that are readable, recognizable,
locatable, addressable, and/or controllable via the Internet, irrespective of the communication means (such as) RFID, wireless
LAN, wide- area networks, or other” and further discussion is available in P. Ravi and A. Ashokkumar, “Internet of Things: A
Great Wonder,” International Journal of Advanced Networking and Applications, Special Issue — UGC Sponsored National
Conference on Advanced Networking and Applications, pp. 113-119. http://www.ijana.in/Special%20Issue/file25.pdf

6 Jonathon Tilley, “Automation, Robotics, and the Factory of the Future,” McKinsey and Company, September 2017.
https://www.mckinsey.com/business-functions/operations/our-insights/automation-robotics-and-the-factory-of-the-future

7 Organization for Economic Cooperation and Development, “Measuring Capital,” Second Edition, OECD Publications, 2009, p.
111-112. http://www.oecd.org/sdd/productivity-stats/43734711.pdf
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We first review the role of depreciation rates in the estimates of BEA and BLS capital measures. The next
section reviews the available studies of depreciation rates. The following sections explain how we constructed
alternative depreciation rates for U.S. capital stocks based on the rates used by Statistics Canada, and summarize

the revisions to the BEA and BLS capital measures that result from using these alternative rates.

Il. BLS and BEA Capital Measures and the Role of Depreciation Rates

BLS and BEA both use the Perpetual Inventory Method (PIM), also known as “vintage aggregation,” a
technique widely used in statistical agencies in most OECD countries® to construct measures of capital stock for
several types of capital assets. Estimates of depreciation rates play a key role in these capital measures. Under
the PIM, productive capital stock at the end of a given period is a weighted sum of all past investments. The
weights used reflect the efficiency of an asset as it ages.® When real investment is weighted by an integrated
age/efficiency profile reflecting variation in the efficiency and retirement pattern of capital assets over time, the
result is a measure of productive capital stock. Productive capital stock measures capital in “efficiency units,” and
represents the amount of new investment that would be required to produce the same capital services produced
by existing assets of all vintages. The age/efficiency profile can be represented as a schedule, where the values
indicate the quantity of services provided by an asset of a given age relative to a similar new asset. The PIM

measure of productive capital stock, Kt, can be expressed as:*°

8 Eurostat and Organization for Economic Cooperation and Development, “Estimating Inventory Stocks by Using the Perpetual
Inventory Method,” Chapter 6.4 in Eurostat-OECD Compilation Guide on Inventories, September 2017, pp. 107-119.
http://ec.europa.eu/eurostat/documents/3859598/8228095/KS-GQ-17-005-EN-N.pdf/12e80726-35a3-46a9-869a-
8f77ca3be742

9 A second capital concept, the wealth stock of capital, results from weighting real investment by an age/price profile
reflecting variation in the new and used asset prices and retirement pattern of capital assets over time. The wealth stock of
physical capital values capital stock in terms of the market price of used assets. It represents the present value of all future
services embodied in existing physical capital assets.

10 5ee “Trends in Multifactor Productivity, 1928-81: Appendix C,” Bulletin 2178, Bureau of Labor Statistics,
https://www.bls.gov/mfp/trends in multifactor productivity.pdf, pp. 40-49; and Michael J. Harper, “Estimating Capital
Inputs for Productivity Measurement: An Overview of Concepts and Methods,” Conference on Measuring Capital Stock,
OECD, 1997, pp. 8-10. https://www.oecd.org/sdd/na/2666894.pdf
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where “S” is the age-efficiency function; is real investment; “t” is investment period; and “T” is total number of

investment periods.

While investment data are available, information on how the efficiency of capital assets declines over
time is not readily available. As a result, implementing the PIM requires some assumptions about how asset
efficiency declines over time and when assets are retired. After careful consideration, BLS adopted a hyperbolic
age-efficiency function.’ With a concave shape, the hyperbolic age-efficiency function reflects a slower initial
decline in asset efficiency and a more rapid decline as asset age increases. The hyperbolic age-efficiency function

can be represented as follows:
St =(L-t) / (L-Bt)

where S; is the efficiency of an asset at age t relative to its performance when it was new; L is the asset service
life; and B is a parameter controlling the shape of the efficiency function. When B is zero, an asset becomes less
efficient, or depreciates, by the same amount each year. When B is one, the asset maintains the same level of
efficiency until it reaches its service life, at which point it produces zero additional services. BLS uses a 3 value of

0.75 when estimating productive capital stocks for structures assets, and 0.50 when estimating capital stocks for

11 For further discussion on the BLS choice of the hyperbolic age-efficiency function, including a comparison with the
geometric age-efficiency function, see Michael J. Harper, “The Measurement of Productive Capital Stock, Capital Wealth, and
Capital Services,” Working Paper 128, Bureau of Labor Statistics, June 1982, https://www.bls.gov/osmr/research-
papers/1982/pdf/ec820020.pdf ; and also U.S. Department of Labor, Bureau of Labor Statistics, Trends in Multifactor
Productivity, 1948-81, Bulletin 2178, (Washington DC, U.S. Government Printing Office: September 1983), pp. 39-65,
https://www.bls.gov/mfp/trends in multifactor productivity.pdf.
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equipment assets.’? For most capital assets, BLS uses service lives provided by BEA when implementing the PIM

to calculate productive capital stocks.3

A simpler PIM formula can be described as:

Kit=l +Kit1(1-96)

Where K;:is capital stock for asset i in period t; l;is investment in period t; and & is the rate of depreciation for
capital asset i. BLS capital stock measures are developed using investment and depreciation data for detailed
categories of capital assets. For example, BLS capital stock measures for the private business and private nonfarm
business sectors include 39 types of equipment assets; 32 types of private nonresidential structures assets; 11
tenant-occupied residential structures assets; 9 owner-occupied residential structures assets; a land asset; and 3
types of intellectual property assets. Intellectual property assets include software; research and development;
and entertainment, literary, and artistic originals.* BLS uses BEA’s data on gross investment expenditures by asset
type for private U.S. businesses. Depreciation rates for each type of capital asset are calculated using primarily
BEA asset service lives and a hyperbolic age-efficiency schedule. To summarize, BLS capital stock measures are
determined by the assumption of a hyperbolic age-efficiency function, service lives provided by BEA for the
majority of capital assets, and BEA gross fixed investment data. The stock of capital in a given year is then

modeled as the sum of past investments, net of depreciation.®

12 These values are consistent with research by Hulten and Wykoff (1981a and 1981b) that modeled the functional form of
used asset prices for a variety of capital assets, using an extensive database of used asset prices. This research determined
that structures depreciate more slowly than equipment assets.

13 See “BEA depreciation rates” and “The Measurement of Depreciation in the U.S. National Income and Product Accounts,”
Survey of Current Business, Bureau of Economic Analysis, July 1997 for a description of data sources and estimation methods
underlying the BEA depreciation rate and service life computations.
https://apps.bea.gov/scb/pdf/national/niparel/1997/0797fr.pdf.

14 See Table 1 in “Overview of Capital Inputs for the BLS Multifactor Productivity Measures,” U.S. Department of Labor,
Bureau of Labor Statistics, June 2017, for a detailed list of the capital assets included in BLS capital stock measures.
https://www.bls.gov/mfp/mprcaptl.pdf

15 See U.S. Department of Labor, Bureau of Labor Statistics, “Trends in Multifactor Productivity, 1948-81,” Bulletin 2178,
(Washington DC: U.S. Government Printing Office) September 1983, p. 41.

https://www.bls.gov/mfp/trends in multifactor productivity.pdf
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Similarly, BEA’s measures of the market value of capital stock are based on accumulated fixed investment,
net of depreciation. There are significant differences between the BLS and BEA methodologies. One is that BLS
capital stock measures are based on a hyperbolic age-efficiency function, whereas BEA measures are constructed
assuming geometric efficiency decline with age.'® The second is that BLS uses the capital asset depreciation rate
obtained from the BEA to identify a corresponding capital asset service life. This value is used in the BLS PIM
calculations. As a result of these different functional forms, BLS and BEA estimate different service lives for some
similar assets. Despite these differences, BLS and BEA use very similar depreciation rate and service life

assumptions for most capital assets.

For BEA’s estimates of net stocks of fixed assets and CFC, the basic equation for the PIM is:

K

jt = K-y * (1- ) +1;t * (1-6;/2) - Oy W

where:

Kjt = net stock for year t for type of asset type j
5j = average rate of economic depreciation for asset type j
Ijt = investment for year t for asset type j

O]-t = other changes in volume of assets for year t, asset type j

The annual change in the net stock equals the additional investment, less the additional depreciation, which BEA
estimates based on assumed depreciation rates, and other volume changes (mainly damages from major disasters
such as hurricanes). Depreciation, th, is estimated as a residual. Rearranging from the expression:

Kje = Kje-1y + Lt - Oje - My (2)

BEA’s estimate of depreciation is:

6 The hyperbolic function used by BLS is flatter early in the asset’s life and then falls sharply as the asset approaches its end
of life. For further discussion of BLS capital measurement methods, see Appendix Cin U.S. Department of Labor, Bureau of
Labor Statistics, Trends in Multifactor Productivity, 1948-81, Bulletin 2178, (Washington DC, U.S. Government Printing Office:
September 1983), pp. 39-65, https://www.bls.gov/mfp/trends in_multifactor productivity.pdf and Michael J. Harper, “The
Measurement of Productive Capital Stock, Capital Wealth, and Capital Services,” Working Paper 128, Bureau of Labor
Statistics, June 1982, https://www.bls.gov/osmr/research-papers/1982/pdf/ec820020.pdf .
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BEA has data on investment and other volume changes, but cannot directly measure net stocks and depreciation,
so BEA estimates these series using the PIM and annual depreciation rates, which are based on previous studies.

BEA estimates the PIM at the detailed asset type level, for about 80 different types of assets.?’

Both BLS and BEA capital measures rely on BEA’s estimates of fixed investment, and the definitions of
investment are important for the determination of the relevant depreciation rate, especially for structures.
Investment in private nonresidential structures is primarily based on value-put-in-place (VIP) data from the
Census Bureau’s surveys of construction spending.’® The survey measures the sum of construction costs rather
than the eventual selling price of the asset. The VIP measure includes the cost of new structures as well as
modifications to existing structures including additions, alterations, conversions, reconstruction, renovations, and

major replacements (a new roof, for example). It also includes mechanical and electrical installations, such as

17 BEA’s depreciation rates, and a brief overview of the studies on which they are based, can be found here:
https://apps.bea.gov/national/pdf/BEA depreciation rates.pdf. BEA estimates the PIM using real (inflation-adjusted) series
and then reflates to obtain current dollar net stocks and depreciation.

8 The Census Bureau defines construction to include: new buildings and structures; additions, alterations, conversions,
expansions, reconstruction, renovations, rehabilitations, and major replacements (such as the complete replacement of a
roof or heating system); mechanical and electrical installations such as plumbing, heating, electrical work, elevators,
escalators, central air-conditioning, and other similar building services; site preparation and outside construction of fixed
structures or facilities such as sidewalks, highways and streets, parking lots, utility connections, outdoor lighting, railroad
tracks, airfields, piers, wharves and docks, telephone lines, radio and television towers, water supply lines, sewers, water and
signal towers, electric light and power distribution and transmission lines, petroleum and gas pipelines, and similar facilities
that are built into or fixed to the land; installation of the following types of equipment: boilers, overhead hoists and cranes,
and blast furnaces; fixed, largely site-fabricated equipment not housed in a building, primarily for petroleum refineries and
chemical plants, but also including storage tanks, refrigeration systems, etc.; and cost and installation of construction
materials placed inside a building and used to support production machinery; for example, concrete platforms, overhead
steel girders, and pipes to carry paint, etc. from storage tanks. Exclusions from construction include: maintenance and
repairs to existing structures or service facilities; cost and installation of production machinery and equipment items not
specifically covered above, such as heavy industrial machinery, printing presses, stamping machines, bottling machines, and
packaging machines; special purpose equipment designed to prepare the structure for a specific use, such as steam tables in
restaurants, pews in churches, lockers in school buildings, beds or X-ray machines in hospitals, and display cases and shelving
in stores; drilling of gas and oil wells, including construction of offshore drilling platforms; digging and shoring of mines
(construction of buildings at mine sites is included); work that is an integral part of farming operations such as plowing and
planting of crops; and land acquisition. For more information on the Census Bureau’s construction statistics, see
https://www.census.gov/construction/c30/definitions.html.
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plumbing, heating, elevators, and central air conditioning equipment. It excludes the cost of land and the cost of
routine maintenance and repairs. Depreciation rates for each of these components of structures may differ.
Improvements and mechanical components may, for example, depreciate or become obsolete faster than the
original “brick and mortar” building. Depreciation rates for each type of structure should reflect an aggregation of

the depreciation rates of these components. "’

If the depreciation rates used are slower than the true rates, then BEA estimates of net investment, net
stocks of fixed assets available for production, net saving, and corporate profits will be overestimated, and CFC
will be underestimated. Depreciation rates that are biased downward would lead to underestimates of
depreciation for a given level of net stocks, although there is a secondary, offsetting effect of slower rates leading
to higher levels of net stocks over time, and thus higher levels of depreciation. The opposite biases in estimates

of net stocks and depreciation will occur if the assumed depreciation rates are faster than the true rates.

BEA depreciation rates are based on numerous studies conducted over many decades.?’ While BEA’s
measures of net stocks, net investment, and CFC are widely cited, economists have expressed concerns about
slowdowns in net investment.?! A recent study used BEA’s fixed assets accounts to estimate trends in net

investment and stocks of infrastructure assets.?? Following the 2008 financial crisis, the Data Gaps Initiative, led by

19 For private equipment, BEA’s estimates are prepared using the “commodity-flow method.” This method begins with a
value of domestic output (manufacturers’ shipments) based on data from the five-year Economic Census and the Annual
Surveys of Manufacturers (ASM). Next, the domestic supply of each commodity—the amount available for domestic
consumption—is estimated by adding imports and subtracting exports, both based on the Census Bureau’s international
trade data. The domestic supply is then allocated among domestic purchasers—business, government, and consumers—
based on Economic Census data.

20 The concepts, methods, and empirical studies underlying BEA depreciation rates are described in Barbara M. Fraumeni,
“The Measurement of Depreciation in the U.S. National Income and Product Accounts, Survey of Current Business 77 (July
1997), pp. 7-23; U.S. Department of Commerce, Bureau of Economic Analysis, Fixed Assets and Consumer Durable Goods in
the United States, 1925-97. Washington, DC: U.S. Government Printing Office, September, 2003, pp. M-6 — M-8 and M-29 —
M-33. In addition, a current summary of BEA depreciation rates, “BEA Depreciation Estimates,” is available online at
https://apps.bea.gov/national/pdf/BEA depreciation rates.pdf.

21 See, for example, Richard Peach and Charles Steindel, “Low Productivity Growth: The Capital Formation Link,” in Liberty
Street Economics Blog, New York Federal Reserve, June 26, 2017.
http://libertystreeteconomics.newyorkfed.org/2017/06/low-productivity-growth-the-capital-formation-link.html .

22 See Bennett, Kornfeld, Sichel, and Wasshausen (2020). http://www.nber.org/papers/w27446
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the International Monetary Fund, has encouraged the development of sectoral accounts such as the Integrated
Macroeconomic Accounts, which present national balance sheets — including stocks of fixed assets — for key
economic sectors. Possible biases in depreciation rates are also a concern in the context of the recent recession

and the slowdown in measured productivity growth.

The BLS measures of capital services, productive capital stocks, rates of return on capital assets, and MFP
also depend on estimates of depreciation rates, which as noted above are generally similar to BEA’s depreciation
rates and are mostly based on the same set of studies.?® In the BLS estimates, capital services are considered to
be proportional to the productive capital stock. BLS productive capital stocks, constructed for various types of
capital assets, are aggregated by asset type, using implicit rental prices as weights. Implicit rental prices are
calculated by assuming that the purchase price of a capital asset is equal to the discounted stream of services (and
implicitly, the rents) that the asset provides. The capital input of an asset is then defined as the rental price
multiplied by the asset’s productive capital stock. In the absence of empirical data on capital rental prices,
Christensen and Jorgenson (1969) modeled price and quantity components of capital services by capital

compensation which is equal to rental price multiplied by the productive capital stock:

where Y¢ is total capital income in year t, ¢ is the rental price of capital, kj; is productive capital stock, j represents

the j!" asset and t represents the year t.

The rental price, in a simplified equation that disregards inflation and taxes, may be given by:

23 BLS obtains depreciation rates for most capital assets from BEA. These depreciation rates are then translated into slightly
different depreciation rates and related service lives than those which result from the BEA geometric age/efficiency pattern,
as a consequence of BLS’s use of a hyperbolic age-efficiency function rather than a geometric age/efficiency function.



¢t = (Pe-17t + Pe-16¢) (5)
where p: is the deflator for new capital goods, r:is the nominal rate of return, and &; is the average rate of
economic depreciation.?* The rate of return r; is a percentage rate of return that represents how many dollars of
income are generated per $100 of physical capital assets. The rental price measures the opportunity cost a
business incurs by investing in physical capital and reflects the value the business could have earned by loaning its
financial resources in the debt market rather than investing in physical capital and is positively related to rates of

return and depreciation.

The effect of underestimated depreciation rates on capital services and MFP is complicated. Rates of
return depend on the ratio of net capital income and the net capital stock, which is also affected by depreciation
rates. One might expect that an underestimate of depreciation rates would lead to an overestimate of the
available stock of capital, and thus an overestimate of capital services and an underestimate of MFP. But the full
impact of biased depreciation rates can be more limited, depending on other assumptions. According to the BLS
capital calculations described in equations (4) and (5), incorrectly slow depreciation rates lead to decreases in
rates of return, because the ratio of capital income to net stock decreases with higher stock levels. Thus,
underestimated depreciation rates can result in underestimated rental prices and capital services. This effect can
offset the overestimate of the stock of capital, reducing the net effect of biased depreciation rates. In this paper,

we rely on the standard BLS calculations to estimate the impacts of changes in assumed depreciation rates.
Ill. Overview of research on depreciation patterns

Depreciation plays an important role in economic statistics, but it is difficult to estimate, and different
studies produce different estimates. The estimates of depreciation rates for structures and equipment used by

BEA and BLS are primarily derived by Fraumeni (1997), based on path-breaking studies of used asset transactions

24 See Robert E. Hall and Dale W. Jorgenson, “Tax Policy and Investment Behavior,” American Economic Review, Vol. 57, June
1967, pp. 391-414.



by Wykoff and Hulten (1979) and Hulten and Wykoff (1981a and 1981b); hereafter “HW”. More recent studies by
Statistics Canada (2007) and Baldwin, Liu, and Tanguay, of Statistics Canada (2015), hereafter “SC”, based on used
asset transactions in Canada from 1985-2010, applied methods similar to the HW methods and obtained generally
faster depreciation (higher depreciation rates), especially for structures. Many other OECD countries use
depreciation rates that are faster than the U.S rates. While these studies raise questions about the U.S estimates,
true depreciation rates may differ across countries for many reasons, so one should be cautious about applying
rates from other countries to U.S. assets. But a recent study by Bokhari and Geltner (2019, “BG”), based on real
estate transactions in the U.S. from 2001-2014, applied methods similar to the HW approach and also obtained
faster depreciation rates for structures, similar to those found in the SC studies. This section summarizes the data
and methods used by these studies and discusses some key issues based on conversations with the authors and

others who use these data.

The Hulten-Wykoff studies. The HW studies (1979, 1981a and 1981b) estimated depreciation patterns
using samples of transactions of several types of used assets at market prices. For machinery and equipment, they
acquired data on machine tools, construction machinery, autos, and office equipment from a variety of sources.?®
For nonresidential structures, they used a sample of 8,066 observations of 22 types of buildings collected by the
U.S. Treasury’s Office of Industrial Economics (OIE) in 1972.2° For this sample, the owner of a building was asked
when it was constructed, when the owner acquired it, and the price paid for it exclusive of the value of the land.

With these data HW could determine market transaction prices by age and date of purchase.?’

25 Hulten and Wykoff acquired data of sales of machine tools from a private source, and data on sales of construction
machinery, autos, and office equipment from several sources, including the Forke Brothers Bluebook, Ward Automotive
Yearbooks, Kelly Bluebooks, and auction reports from the General Services Administration (HW 1981b).

26 See Hulten, Charles R. and Frank C. Wykoff, “The Estimation of Economic Depreciation Using Vintage Asset Prices: An
Application of the Box-Cox Power Transformation,” Journal of Econometrics, April 1981, Volume 15, Issue 3, pp. 382-383.
https://www.sciencedirect.com/science/article/abs/pii/0304407681901019

27 Another contribution of the Hulten and Wykoff studies was their refutation of the “lemons problem” of used asset studies.
Because sellers and buyers of used assets may have asymmetric information about the quality of the asset (only sellers may
know about the “lemons”), depreciation estimates based on used asset markets may suffer from bias as modeled by Akerlof
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HW used these data to estimate age-price profiles for those assets s that were included in the OIE sample.
Their estimation methods featured two key innovations. First, they made no assumption about the form of these
profiles, and instead used a highly flexible Box-Cox transformation to test whether the patterns most nearly
resembled straight line, concave, or convex patterns. Second, because used asset prices reflect only surviving
assets (a censored sample problem), HW weighted the used asset prices by the probability of survival before
estimating the depreciation patterns. These weighted used asset prices thus reflect surviving and retired assets.
The probability of survival depended upon the mean and distribution of the service lives of assets. Service lives
were based on the Department of the Treasury’s “Bulletin F” and the distribution of retirements followed a

Winfrey distribution.?®

HW found that for most assets in their samples the estimated age-price profiles were similar to a
geometric (convex) form. With a geometric form, age-price profiles can be approximated using a single constant
rate of depreciation, a feature that simplifies computations of net stocks. Based on their estimated age-price
profiles, HW produced rigorous estimates of depreciation rates for the assets in their samples. This set of assets,
which they labeled “type A assets,” made up 55 percent of investment in equipment and 42 percent of

investment in nonresidential structures in the National Income and Product Accounts (NIPAs) in 1977.

To produce estimates of depreciation for the NIPA assets not included in the OIE sample, HW analyzed
each asset on a case by case basis. These assets were then classified as either “type B” or “type C” assets,

depending on whether or not empirical evidence was available regarding the asset’s depreciation pattern. The

(1970). Hulten and Wykoff made the point that most of these assets are bought and sold by professional buyers with
extensive knowledge and expertise, so that problems of asymmetric information and resulting biases are likely to be minimal.

28 5ee U.S. Treasury, Bureau of Internal Revenue. 1942. Income Tax Depreciation and Obsolescence: Estimated Useful Lives
and Depreciation Rates. Bulletin “F” revised (January), and Winfrey, R. 1935. Statistical analyses of industrial property
retirements. lowa Engineering Experiment Station, Bulletin 125. Winfrey curves are widely used in depreciation studies. An LO
Winfrey curve was used to estimate the pattern of retirements about the mean for structures. The LO curve is an
asymmetrical distribution that allows for some assets to survive to very old ages. An S3 curve, a bell-shaped distribution
centered around the mean, was used for metalworking and general industrial machinery.



HW rates for both type B and C assets were based on judgement more than evidence, depreciation rates for
assets labeled type B were supported by data from existing empirical studies conducted by others as well and
using information on the treatment of depreciation by BEA, Dale Jorgenson and Jack Faucett Associates, at the
time.? For type C assets, little or no data were available and rates were developed based on inferences to similar
type A category assets, where possible. HW assumed the depreciation pattern for these other assets was also
geometric. To estimate depreciation patterns for the type C assets, HW used the relationship between geometric

depreciation rates (A), service lives (T), and the declining balance rate (DBR):

DBR
A== (8

The value of the declining balance rate determines the “shape” of the depreciation pattern — the extent to
which asset values fall more rapidly early in the lifecycle. Higher values of the DBR imply higher reductions in asset
value earlier in the service life and more convex (such as geometric) depreciation profiles. For the assets for which
data were available, HW estimated DBR values of 1.6 for equipment and 0.91 for nonresidential structures. These
estimates contrast with a DBR of 2 (double-declining balance), a rate often assumed by accountants in order to
allow taxpayers to write off more depreciation expenses in the earlier years of asset ownership; use of a double-
declining balance rate for accounting purposes typically does not portray an accurate picture of observed
depreciation. HW then estimated geometric depreciation rates for type C assets by dividing these DBRs by the

existing estimates of service lives.

In 1996, BEA released updated estimates of depreciation rates based largely on the HW studies, although
the original HW rates were modified somewhat to reflect service lives that were used by BEA at the time. These

updated depreciation estimates replaced previous estimates that were generally based on straight line

23 Wykoff, Frank C. and Charles R. Hulten, “Tax and Economic Depreciation of Machinery and Equipment: A Theoretical and
Empirical Appraisal. Phase Il Report, Economic Depreciation of the U.S. Capital Stock: A First Step,” U.S Treasury
Department, Office of Tax Analysis, Washington D.C., July 26, 1979, p. 32.



depreciation, using available service lives, and Winfrey retirement patterns (see Fraumeni, 1997). For structures,
the updated depreciation rates based on the HW studies were slower than the previous estimates, and led to
lower estimates of depreciation and higher estimates of net capital stocks. With few exceptions, BEA continues to

use these same rates for estimates of CFC and net stocks of nonresidential structures and equipment.*

Statistics Canada. The HW studies became a “gold standard” in the depreciation literature and later
studies used a similar methodology to estimate depreciation. The SC studies (Statistics Canada, 2007 and
Baldwin, Liu, and Tanguay, 2015), like the HW studies, estimated depreciation patterns using samples of used
asset transactions. The SC and HW studies both employed flexible specifications to test the shape of age-price
pattern (straight line, concave, convex, etc.), made adjustments to address the censoring problem of retirements

and discards, and estimated values of structures net of land values.

The data used for the SC studies are based on a single survey, the Annual Capital and Repair Expenditures
Survey. The survey provides detailed information on asset type, gross book value, sale price, and age of each asset
that is sold or discarded. The gross book value includes the original investment value plus the capitalized
improvements over the life of the asset. Investment deflators were used to express all data in constant prices. The
data in the 2007 SC study covers the period from 1985 to 2001 (30,350 observations and 43 assets), and the data
in the 2015 SC study extends the sample to cover the period from 2002 to 2010 (an additional 22,129

observations on 32 assets). Thus, the SC studies cover a more recent period and use larger samples of a wider

30 See BEA Depreciation Rates and Fraumeni (1997) for more details. BEA’s estimates of depreciation for computers and
peripheral equipment are based on Oliner (1993). The service life for nuclear fuel was obtained from Professor Madeline
Feltus of the Pennsylvania State University. Beginning with 1992, light trucks were assigned a service life of 17 years based
on data from private sources, while other trucks, buses, and truck trailers are assigned separate service lives that varied by
industry. The derivation of stocks of autos is based on a method that does not require an explicit service-life assumption. In
2003 the service lives of aircraft for several industries for 1960 forward was raised from 20 to 25 years. The service life for
railroad equipment and structures is derived from reports of individual railroads submitted to the Interstate Commerce
Commission. For communication, electric light and power, gas, and petroleum pipelines structures, the service lives are
derived by comparing book value data provided by regulatory agencies with perpetual inventory estimates calculated using
alternative service lives. For petroleum and natural gas exploration, shafts, and wells, the lives are based on data from the
Census Bureau’s annual surveys of oil and gas for 1979-1982.



range of assets than the HW studies. Unlike the HW data, the SC data also include data on the value of

improvements, instead of only the original asset price, and also include data on the ages of discarded assets.

The SC studies edited their survey data to screen and adjust observations that seemed aberrant and
unrealistic. Some sale prices close to zero were classified as discards.3! Some long-lived assets that sold close to
their original purchase price were excluded from the sample.3? When reported asset durations were concentrated
on rounded values like 5, 10, and 20 years, the authors employed a correction to apply a distribution to the

rounded values. The estimates were limited to those assets where resale markets were reasonably active.

The key variable in the SC studies is the ratio between the asset price when sold (SV) and its gross book
value (GBV): P = SV/GBV, expressed in constant prices. Using this ratio and the age of the asset when sold, the
studies estimated an age-price function which can be converted to a depreciation profile. The SC studies jointly
estimated asset survival and decline in value and the discard function using a flexible Weibull distribution,
controlling for price changes and other factors. They confirmed that the depreciation profiles generated by these
econometric techniques produced convex age—price curves, consistent with geometric depreciation. The SC

studies also confirmed that the estimated depreciation rates changed little over the years in the sample.

A novel feature of the SC studies was their comparison of these rates (“ex post rates”) and the anticipated
length of service life reported by survey respondents for initial investments (“ex ante rates”). The SC studies used
these service lives and the DBRs obtained from their econometric analysis of depreciation to estimate alternative

depreciation rates. The two sets of depreciation rates were generally very similar.

For many assets, especially structures, the SC studies estimate faster depreciation than do the HW
studies. The HW studies estimate 2-3 percent annual depreciation rates for buildings generally whereas the SC
studies estimate 6-8 percent. The DBRs from the SC studies were generally 2 or higher, in contrast to the DBRs in
31 Baldwin, John, Huju Liu and Marc Tanguay, “An Update on Depreciation Rates for the Canadian Productivity Accounts,” The

Canadian Productivity Review, Catalogue no. 15-206-X, January 26, 2015, p. 19.
32 |bid, p. 44.



the HW studies, which were below 2; higher DBRs imply more rapid depreciation earlier in an assets’ life. The SC
studies, like the HW studies, used the available DBRs and data on service lives to estimate depreciation rates for
some remaining assets. In its Measuring Capital (OECD, 2009) manual, the OECD concluded: “This underlines the
need for comprehensive and regular studies on depreciation patterns, lest there be a danger of ending up with

biased values for depreciation and capital inputs.”

Studies from other countries. The Economic and Social Research Institute, Cabinet Office, Government of
Japan, initiated the Survey on Capital Expenditures and Disposals (CED) in 2006.3* The CED consists of three
guestionnaires focused on capital and repair expenditures, financial leases, and disposals. The CED has a detailed
classification for more than 600 types of assets. In the disposal survey of the CED, assets are classified into four
broad asset groups: buildings and accompanying equipment, machinery and equipment, transportation
equipment, and other equipment. For each of these four asset groups, fifteen observations of disposed assets,
randomly selected by corporations, are reported, yielding a total of sixty observations of disposed assets covering
all four asset groups if a firm fully responds. From these survey data, Japan’s Economic and Social Research
Institute estimates depreciation rates and average service lives. In general, depreciation rates are found to be

similar to the rates estimated by Statistics Canada, and are considerably faster than those used in the U.S.%

Statistics Netherlands has estimated depreciation rates and service lives based on direct capital stock
observations. In a study by van Rooijen-Horsten et al. (2008), the capital stock survey data were supplemented
with discard data collected from an annual Survey on Discards, conducted for all enterprises in the manufacturing

industry with 100 or more employees, and with annual Investment Survey data on additions to the capital stock in

33 Organization for Economic Cooperation and Development, “Measuring Capital,” OECD Publications, 2009, p. 100.
http://www.oecd.org/sdd/productivity-stats/43734711.pdf

34 Organization for Economic Cooperation and Development, “Measurement of Depreciation Rates Based on Disposal Asset
Data in Japan,” Statistics Directorate, Committee on Statistics, Working Paper WPNA(2008)9, 2008.
http://www.oecd.org/officialdocuments/publicdisplaydocumentpdf/?doclanguage=en&cote=std/cstat/wpna(2008)9

35 Nomura and Suga (2018) report that “Japan’s rates of geometric depreciation estimated in this study are broadly similar to
the estimates at Statistics Canada (Baldwin, Liu, and Tanguay, 2015), but considerably higher than those used in the U.S.”
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manufacturing industry enterprises with 20 or more employees. Combining data from the capital stock survey,
discard survey, and investment surveys, the authors present estimated service lives for six asset categories —
Industrial Buildings, Civil Engineering Works, External Transport Equipment, Machinery and Equipment and
Internal Means of Transport, Computers, and Other Tangible Fixed Assets — by manufacturing industry. Based on
the estimated depreciation rates and service lives, the study’s authors concluded that the discard survey may
have missed a substantial portion of discards, and that care needed to be taken in identifying reliable results.
They also found the service life of an asset varied substantially depending on the manufacturing industry using the
asset. Industry specific service lives are developed by type of capital asset for NACE 2-digit level industries.
Because they assume different functional forms of depreciation, it is not easy to compare their overall rates of

depreciation with U.S rates.

A 2016 OECD/Eurostat study reported on depreciation rate assumptions used by several national
statistical agencies to estimate net stocks of structures. Canada, Japan, and the Netherlands and about two dozen
other countries responded to the survey. Consistent with the studies discussed above, the study found that the

U.S. uses slower depreciation rates than do most OECD countries.3®

Bokhari and Geltner. There are valid concerns about applying depreciation rates from another country to
the U.S. estimates because true depreciation rates may vary across countries for many reasons. Differences in the
mix and scale of industries, relative prices of capital and labor, capital utilization, economic and financial
conditions affecting investment, tax policies, and climate across countries may impact capital asset depreciation

rates. The variation in depreciation rates for structures in particular may reflect differences in building standards

36 Eurostat and Organization for Economic Cooperation and Development, Eurostat-OECD Survey of National Practices in
Estimating Net Stocks of Structures, 2016, pp. 11-12. http://ec.europa.eu/eurostat/documents/24987/4253483/Eurostat-
OECD-survey-of-national-practices-estimating-net-stocks-structures.pdf
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and land use regulations.” But a study by Bokhari and Geltner (2019) applied the HW methodology to a large
sample of over 100,000 commercial real estate transactions in the U.S. from 2001-2014, and also found faster

depreciation rates, consistent with the SC studies.

The BG study used three data sets. The first data set, from Real Capital Analytics (RCA), consisted of
transaction prices and other data from commercial and apartment property transactions, making it possible to
estimate a property value/age profile. The RCA data did not include information on investment in improvements,
which BEA and BLS also capitalize.?® The other two data sets in the BG study measured investment in
improvements. Data from the National Council of Real Estate Investment Fiduciaries (NCREIF) included over
15,000 properties (apartments, office, retail, and warehouses), with detailed information on rents and operating
expenses, and separately identified capital improvement expenditures or “capex.” As the authors state: “The
capex data reflect only routine capital improvements and upkeep of the type that almost all commercial building
owners must undertake on a regular basis (roof replacement, painting, carpeting, new appliances, new HVAC
systems, landscaping, tenant custom fit-outs, etc.”3°) Thus the data omitted major renovations and may

understate total investment in improvements. Data from Green Street Advisors (GSA) provided information on

37 see for example Jiro Yoshida (2020) “The Economic Depreciation of Real Estate: Cross-Sectional Variations and Their Return
Implications,” Pacific-Basin Finance Journal, Volume 61.
https://www.sciencedirect.com/science/article/pii/S0927538X18304505

and Nolan Gray, “Why is Japanese Zoning More Liberal than US Zoning?” Market Urbanism, March 19, 2019.
https://marketurbanism.com/2019/03/19/why-is-japanese-zoning-more-liberal-than-us-zoning/

38 |nvestment in structures by private business includes improvements (additions, alterations, and major structural
replacements) to nonresidential and residential buildings. For additional information, see U.S. Department of Commerce,
Bureau of Economic Analysis, “Concepts and Methods of the U.S. National Income and Product Accounts,” December, 2020.
See Chapter 6, Private Fixed Investment, pp. 6-3 — 6-6.

39In the NCREIF data, the distinction between “operating expenses” (not in capital improvement expenditures or capex) and
routine “capital improvement expenditures” (included in capex) is that the latter is for items that last longer than 1 year. This
definition is similar to the definitions used in national accounts. The NCREIF properties are professional appraised, enabling
the authors to quantify capital improvement expenditures as a fraction of property value.
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capital improvement expenditures for 1,299 REIT-owned apartment properties and were used to corroborate the

findings of the NCREIF data.*®

The BG study defined “gross depreciation” as the sum of “net depreciation” (the depreciation of the
original structure) plus “capex,” i.e. capital improvement expenditures. Bokhari and Geltner illustrate the
significance of this definition using the following example: “....suppose a property with a 10-year-old building has
market value of $100, and an otherwise identical 11-year-old property has market value of $97 as of the same
time. Now suppose that during the previous year the owner of the 11- year-old building put $1 of capital
improvement into the building, increasing its market value to $98. (This S1 of capex would have to some extent

74l « .. our estimated value/age

mitigated the wear and tear and the functional obsolescence of the building.)
profile based on our transaction price data would show 11-year-old properties selling for only 2 percent less than
10-year old properties, even though the total capital consumption occurring between age 10 and 11 is 3 percent
of the property value.” As the authors state, this example “illustrates why we need to separately estimate the
cost of capital improvements and add that cost to the net depreciation that we observe in our empirically

estimated value/age profile, in order to quantify total capital consumption.”*?

To estimate net depreciation using the RCA data, they used methods generally similar to the HW study.
They regressed the log of the expected price (the actual price times the survival probability) on age dummy
variables, location characteristics, and a set of year dummy variables to control for factors such as changes in land
and construction prices). The coefficients of the age dummy variables provided a nonparametric estimate of a

depreciation pattern that is close to geometric for nonresidential and apartment buildings. The authors also

40 The BG study used the GSA data as a check on the NCREIF data and found that routine capex in the two data sets were
similar. The authors found that, for over 700 properties in the GSA sample held at least 16 years, REITs performed major
renovations (not included in routine capex) that amounted to 37 percent of the value of the routine capex over the period.
41 Bokhari, Sheharyar and David Geltner, (2019) “Commercial Buildings, Capital Consumption, and the United States National
Accounts,” The Review of Income and Wealth, Series 65, Number 3, Sept. 2019, p. 572.

42 |bid.
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removed the effects of land values from their estimated depreciation rates, based on their estimates of the share
of land in the total property value. Their estimated net depreciation rates were 3.1 percent for nonresidential

structures and 3.9 percent for apartment structures, higher than the HW estimates.*?

The BG study then used the NCREIF data to estimate patterns of capital improvement expenditures by
age. They regressed annualized capital improvement expenditures as a share of the market value of the building
on age, age squared, and several controls for building characteristics. They found that capital improvement
expenditures as a fraction of property value tended to increase over much of the lifespan of the property (and
they may be underestimating capital improvement expenditures). The gross depreciation rate was estimated as
the sum of net depreciation rate plus the estimated capex rate. For a 25-year old building, their estimate of gross
depreciation was 6.61 percent for nonresidential buildings (3.14 percent net depreciation plus 3.47 percent for
capex) and 7.30 percent for apartments (3.94 percent net depreciation plus 3.36 percent for capex). These gross

rates of depreciation are close to those in the SC studies and faster than those in the HW studies.

Summary. The SC and BG studies used the Hulten-Wykoff methods for different samples of used asset
transactions and obtained conflicting results compared to HW, especially for structures. The authors of the HW,
SC, and BG studies as well as other experts and several users of BEA and BLS data were gracious with their time in
responding to concerns we raised regarding the differences in depreciation rates from these various studies. We
could not precisely quantify the reasons for the different findings and we were unable to reach a consensus as to
which estimates are most appropriate. Some authors expressed concerns about using depreciation rates from

other countries because true depreciation rates may differ across countries for many reasons.

All were sympathetic to efforts to update research on the depreciation rates currently used by BEA and
BLS. Many also recommended proceeding cautiously in updating these rates, given the numerous challenges in

estimating depreciation. Some recommended that BEA and BLS begin a new program of studies to develop

%3 |bid, p. 581.
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updated rates, using the Hulten-Wykoff methods and new data. While we welcome new studies to estimate
depreciation, appropriate data sets of used asset transactions are difficult to obtain, and the “best” estimates of
depreciation rates will always be difficult to identify, in part because most nonresidential assets are thinly traded

and so it is difficult to “benchmark” estimates of the existing stock of assets at market prices.

One of the key issues in these studies is the role of data on improvements. Since the BEA estimates of
fixed investment in structures include spending on improvements as well as the original structure, depreciation
rates for the capital stock also reflect depreciation of these improvements. The BG and SC studies include data on
improvements, while the HW studies do not. The BG study finds that improvements (“capex”) make up a

substantial share of investment in structures.

As the BG study points out, the omission of data on improvements may bias downward the estimate of
cumulative investment in a structure, and, given initial and subsequent sale prices of the building, may bias
downward the estimate of total depreciation. In the HW studies, the effect of (unmeasured) improvements would
still be reflected in the resale price of the building, but the total investment in the building prior to resale, and
perhaps total depreciation, may be understated. In addition, improvements such as wiring, heating and cooling,
and renovations may experience depreciation and obsolescence at a faster rate than the original structure. On the
other hand, questions could be raised about whether the data on improvements in the SC and BG studies truly
measures investment that should be capitalized and depreciated. This is an important point, as a major challenge
for the measurement of fixed investment is the accurate distinction between “improvements” which should be
capitalized and “maintenance and repairs” which should not. Indeed, it may be difficult to differentiate between
these two types of expenditures in the data. Still another question is whether the respondents to the Census
Bureau’s construction statistics, the basis for BEAs estimates of investment, fully and accurately report these

improvements, although the Census Bureau questionnaires clearly request this data.
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Other considerations include a range of issues about the methods and conclusions of these studies. For
the SC studies, questions were raised about the econometric specifications, the price measures used, and
reporting problems with their survey data, such as a tendency to report asset ages and service lives as round
numbers or as numbers consistent with, say, tax rules rather than with actual observation. The authors of the SC
studies did not share these concerns, and instead raised questions about some details of the HW studies. For
example, they questioned whether or not the HW studies relied on building prices that included land values,
resulting in unrealistically low estimated declining balance rates in the HW studies. The building price data used
in the HW study was obtained from U.S. Treasury, Office of Industrial Economics surveys of building values,
conducted in 1972 and 1973.% These surveys asked building owners to provide “cost or other tax basis of
property (less land),” among other items.*> To the extent that building owners responding to these surveys
complied with this direction, the building price data used by HW does exclude the value of land. One difficulty in
comparing across studies is that depreciation rates are not necessarily stable over time. For example, when fiber
optics were adopted for communication networks, copper wire telephone networks were replaced en masse.

That causes “sudden obsolescence,” that is, faster depreciation for a brief time.

IV. Experimental Use of Canadian Service Life Survey Data in U.S. Capital Accounts

Now, we consider the potential impact of using the depreciation rates from Statistics Canada on several

key BEA and BLS capital measures, making the assumption that the fixed assets and economic and technological

4 The U.S. Treasury, Office of Industrial Economics, conducted three mail surveys in 1972 and 1973 to test whether or not
the depreciation periods being used by owners of buildings were shorter than the guideline depreciation periods in force.
Survey results were published in Business Building Statistics: a Study of Physical and Economic Characteristics of the 1969
Stock of Non- Residential Non-Farm Business Buildings and Depreciation Practices of Building Owners. An online pdf of this
study is available. https://babel.hathitrust.org/cgi/pt?id=mdp.39015051123365&view=1up&seq=2

45 U.S. Treasury, Office of Industrial Economics, “Business Building Statistics: a Study of Physical and Economic Characteristics
of the 1969 Stock of Non- Residential Non-Farm Business Buildings and Depreciation Practices of Building Owners,” August
1975, p. 4. https://babel.hathitrust.org/cgi/pt?id=mdp.39015051123365&view=1up&seq=2
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trends are broadly similar in the U.S. and Canadian economies. We must also set aside the possibility that asset
service lives in a given country may be influenced by country-specific factors, as mentioned above, including
variations in capital utilization, relative prices of capital and labor, economic and financial conditions affecting
investment decisions, and climate. *® The secondary market for productive assets may also differ between
countries in ways that are not obvious. These factors could all lead to different sale and discard prices in the two
countries and different efficiency curves and depreciation rates. At the same time, the similarity of results from
the SC studies and the recent BG study, based on U.S. data, suggest that the SC rates may be relevant for the U.S.
Our goal is to describe the potential impact of using the SC or BG rates in BEA and BLS capital measures and for

cross-national comparisons of these outcomes, and to encourage further research on depreciation rates.

We first developed a concordance between the asset classification systems of the two countries.
Statistics Canada uses an asset classification system with more detailed asset categories than that of the U.S.
While a few asset categories appear to be direct matches, other categories in the Canadian system consist of
more detailed assets. The concordance between U.S. and Canadian productive assets was created by Bob
Kornfeld of BEA and Susan Powers of BLS. Details on its development are presented in Appendix A. Overall, we
found the concordance to provide a reasonable scaffold on which to develop useful proposed depreciation rates

for this analysis.

Using the asset category concordance, we conducted a series of experiments with different sets of service
lives, described in Table 1. For our initial “Set 1” experiment, we estimated new depreciation rates for 38 of the
39 U.S. equipment categories, all 32 private nonresidential structures categories, and 9 of the 11 tenant-occupied

residential structures categories.*”” Where a U.S. asset category was matched to multiple more detailed SC assets,

46 Organization for Economic Cooperation and Development, “Measuring Capital,” OECD Publications, 2009, p. 110.
http://www.oecd.org/sdd/productivity-stats/43734711.pdf

47 One equipment category, nuclear fuel (asset 31), uses a depreciation rate based on recent U.S. data and so this rate was
not revised. Owner-occupied residential capital asset rates also are unrevised because BLS obtains the related capital stock
estimates directly from BEA and does not use the perpetual inventory method to develop capital stock measures for these
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an overall depreciation rate was developed as a weighted average of the SC depreciation rates, where the weights

used are the shares of 2007 U.S. fixed investment in the more detailed assets. These revised depreciation rates

reflect the SC depreciation rates and declining balance rates, and make up the first of the two sets of revised rates

used in our capital simulations.

Table 1. Summary of Service Life Data Experiments
Experiment o . . . .
Name Description Timing of Mew Service Life Implementation
The Szt 1 experiment uses the concordance of ULS. and Canadian asset categories  (The "Historical" trial experiment implements the 5et 1 service lives beginning with data in
and Statistics Canada depreciation rates to calculate a geometric depredation rate  |1%901 and continues for all subsequent years. The "Recent" trial experiment uses existing BLS
for each U5, asset class. For the BLS, this depreciation rate iz matched to the sarvice lives from 1201 through 1984 and then switches to the Set 1 service lives beginning in
Setl comesponding hyperbolic depreciation rate and service life value. 1985_ 5et 1 lives are only implemented for new investment assets that are purchased in 1985
and subsequent years. Inwestments before 1985 continue to be depreciated with existing BLS
depreciation rates.
The Sat 2 experiment uses the concordance of U5, and Canadian asset categories  [The "Historical" trial experiment implements the Set 2 service lives beginning with data in
to calculate new declining balance rates (DBRs) for each U 5. asset category based  |1501 and continues for all subsequent years. The "Recent” trial experiment uses existing BLS
on Statistics Canada DBER values. The DER is then divided by the BEA asset service  |service lives from 1501 through 1984 and then switches to the Set 2 service lives beginning in
Set2 lifie to obtain a geometric depreciation rate for each asset category. For the BLS, 1985. Set 2 lives are only implemented for new investment assets that are purchased in 1985
this deprecdation rate is matched to the corresponding hyperbolic depreciation rate (and subsequent years. Inwestment from 1934 and =arlier continue to be depreciated with
and service life value. existing BLS depreciation rates.
Dacrease curmrent BLS service lives by 50 percent, rounded down to an integer Adopts BLS-50 service lives for investments in 1985 or later. Earlier investments depreciate at
BLS-50 number of years. This corresponds to faster asset depreciation rates.’ The BLS-Go  |existing BLS depreciation rates.
experiment establishes an upper boundary for the BLS depreciation rates.
Increase current BLS service lives by 25 percent, resulting in lives that are 125 Adopts BL3-125 service lives for investments in 1335 or later. Earlier investments depreciate
percent of the current BLS service lives, rounded up to an integer number of years. |at existing BLS depreciation rates.
BL5-125 This results in slower asset depredation rates. The BLS-125 experiment establishes
a lower boundary for the BLS depreciation rates.
Decrease the Set 2 service lives by 25 percent, rounded down to an integer number |Adopts 5et2-75 service lives for investments in 1985 or later. Earlier investments depreciate
of years. Lower service life values comespond to faster asset depredation rates. &t existing BLS depreciation rates.
et .75 The Set 2-75 experiment establishes an upper boundary for the Set 2 depreciation
rates.
Increase the Set 2 service lives by 150 percent, resulting in lives that are 250 Adopts 5et2-250 service lives for investments in 1985 or later. Earlier investments depreciate
percent of the Set 2 service lives, rounded up to an integer number of years. This at existing BLS depreciation rates.
Set2-250 results in slower asset depreciation rates. The Set 2-250 experiment establishes a
lower boundary for the 5et 2 depreciation rates.
1 Mote that "faster depreciation" corresponds to a higher depreciation rate, while "slewer depreciation” corresponds te a lower depreciation rate.

Appendix A., Table 1 summarizes the current BEA and BLS rates and our derived alternative rates from

Statistics Canada for each U.S. asset category. For most categories of equipment, the rates from Statistics Canada

are higher, implying a faster rate of depreciation. Only three U.S. equipment asset categories have slower revised

depreciation rates than current U.S. rates: (5) internal combustion engines; (19) other electrical equipment; and

(21) other trucks, buses, trailers in the transit and ground passenger transportation industry. For structures, the

structures assets. We also did not revise rates for intellectual property products on the grounds that these rates have been
more recently developed. Land, inventory, and tenant and owner-occupied acquisition and disposal costs assets were also
left at current BLS depreciation rates.
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depreciation rates from Statistics Canada are typically faster. For many types of buildings, the current BEA/BLS

depreciation rates are in the range of 2-3 percent while the alternative SC based estimates are 6-8 percent.

To obtain revised service lives from this first set of SC depreciation rates, we use the established
relationship of a depreciation rate to service life and the declining balance rate (DBR). Assuming a geometric age-
efficiency function, the rate of depreciation depends only on the asset service life and the profile of the rate of
decline of an asset’s value over time, or DBR. The DBR “is the multiple of the comparable straight-line rate used

748

to calculate the geometric rate of depreciation,”* and determines the “shape” of the depreciation pattern — the

extent to which asset values fall more rapidly early in the lifecycle.

Declining Balance Rate;

Depreciation Rate; = Service Lif
ervice Life;

To estimate revised Set 1 BEA service lives, the SC revised depreciation rates in Set 1 were combined with BEA
declining balance rates for each U.S. asset category. For the BLS capital measure simulations, these revised BEA
service lives were then adjusted to equivalent BLS hyperbolic age-efficiency function service lives. The respective

depreciation rates related to the BLS service lives were also then identified.

We also used the Canadian data to estimate a second, alternative set of depreciation rates, “Set 2.”
Rather than using weighted averages of the Canadian depreciation rates to obtain rates for U.S. assets, we
combine data on U.S. service lives with Statistics Canada’s declining balance rates. This approach is an attempt to
retain the value of information from historical U.S. studies of average service lives and investigate the effect of
Statistics Canada’s more recent findings on the pattern of depreciation over time. To do this, we again use the
above relationship between a geometric depreciation rate, service life, and declining balance rate. The Statistics
Canada DBR value for each U.S. asset is divided by the BEA service life for each asset to obtain a revised

depreciation rate. Estimated SC DBR values for each U.S. asset category were constructed using our concordance

48 See Fraumeni, Barbara, “The Measurement of Depreciation in the U.S. National Income and Product Accounts,” Survey of
Current Business, (July, 1997), p. 11
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between the U.S. and Canadian capital asset classification systems. We then estimate the effect of this second set
of depreciation rates on BEA and BLS capital measures and BLS MFP measures. In general, the Set 2 depreciation
rates fall in between those in Set 1 and the rates currently used by BLS and BEA. Appendix B., Table 2a provides a

more detailed comparison of the current and revised depreciation rates and service lives.

BLS and BEA capital stocks are not directly comparable for a number of reasons. BLS capital stocks are
consistently higher than BEA’s capital stocks, in part because BLS uses a hyperbolic age-efficiency function, which
retains capital assets in capital stock for a relatively longer time period than the BEA’s geometric depreciation
function. Also, the BLS capital stocks include land and inventories, while BEA’s fixed assets accounts do not. BLS
also has relatively higher estimates of stocks of structures, equipment, and intellectual property products because
BLS uses slower depreciation rates for some types of assets, and because BLS and BEA use different functional
forms for depreciation. BEA and BLS estimate capital stocks for different purposes: BEA estimates the market or
replacement value of stocks for national accounts and balance sheets, while BLS estimates the value of productive

capital and its capital services.

V. Empirical results: BEA and BLS Experimental Capital Measures Using the Revised Service Lives

To describe the potential effect of using these alternative depreciation rates, we substituted the revised
rates into the BEA and BLS PIM and rental rate calculations to estimate experimental capital stock and capital
services measures. We re-estimated our capital measures using both the Set 1 and Set 2 depreciation rates and
over two different timespans. In our “historical trial,” we replaced existing depreciation rates with the revised
rates for the entire sample period, dating back as far as 1901 for some assets. In our “recent trial,” we maintained
the existing depreciation rates through 1984 and introduced the revised rates for all assets beginning in 1985.

The recent trial simulates changing depreciation rates by assuming that the newer SC rates are more appropriate
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for later years while the current BEA/BLS rates are more appropriate for earlier years. Depreciation rates most

likely change gradually over time; the two phases are merely illustrative.

BEA Revised Capital Measures

The use of the faster depreciation rates from Statistics Canada results in an upward revision to estimates
of CFC, relative to BEA’s published estimates (Figure 1). Under the “recent trial,” which implements revised rates
starting in 1985, and using the revised depreciation rates from Set 1, CFC is revised upward by $308 - $170 billion
annually for 1985-1994, $170-S214 billion for 1995-2004, and $222-5249 billion for 2005-2018. Under the more
recent trial and using generally more modest depreciation rates from Set 2, CFC is revised upward by smaller but
still notable amounts -- $206-5125 billion annually for 1985-1994, $125-5163 billion for 1995-2004, and $168-
$195 billion for 2005-2019. In most years, the upward revision to CFC is larger for structures than for equipment
(this detail is not shown) because differences in depreciation rates and the capital stocks are larger for structures.
As a percent of the published CFC values, the upward revision to CFC declines from about 25 percent in 1994 to
about 11 percent in 2019 (Set 1), and declines from about 19 percent in 1994 to 8 percent in 2018 (Set 2). Faster
depreciation rates result in upward revisions to CFC that decline in percentage terms over time because the faster
depreciation rates also result in downward revisions to net stocks, and these lower net stocks lead to a partly
offsetting decline in estimates of CFC. The notable upward revision to depreciation in 1985 results from our
somewhat abrupt introduction of new rates in that year, so a gradual transition in which rates were slowly revised

upward over the course of several years prior to 1985 is probably more realistic.
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Figure 1. CFC: Published BEA Estimates Compared to Revised Estimates
Billions of dollars Private Nonresidential Fixed Assets
$3,000

$2,500

$2,000

$1,500

$1,000

$500 ,quenst

$0
1985 1987 1989 1991 1993 1995 1997 1999 2001 2003 2005 2007 2009 2011 2013 2015 2017 2019
BEA Published Estimate = Based on Set 2 depreciation rates (applied 1985)
=== Based on Set 1 depreciation rates (applied 1985) s+ 220 Based on Set 2 depreciation rates (applied 1901)
------ Based on Set 1 depreciation rates (applied 1901)

Under our longer historic trial, which implements revised rates starting in 1901, and using the revised Set
1 depreciation rates, the upward revisions to CFC are smaller in 1985 because the 1984 capital stock levels are
lower in the historic (1901) trial than in the recent (1985) trial, reflecting the impact of additional cumulative
depreciation through 1984. Over time, the impact of the historic and recent trials on CFC grows more similar
because older stock largely depreciates under both trials, and so both trials measure depreciation of increasingly
similar stocks of relatively younger assets. By 2018, the two trials produce roughly equal upward revisions to CFC.
In the NIPAs, these upward revisions to CFC would also lead to downward revisions in corporate profits (because
BEA’s featured measure of corporate profits is net of CFC) and to net saving for the corporate sector. The results

are again slightly smaller but similar for the depreciation rates in our second set of rates, Set 2.

These upward revisions to CFC lead to downward revisions to net stocks (Figure 2). Under the more

limited recent trial, which implements revised rates starting in 1985, and using the revised Set 1 depreciation
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rates, net stocks (in current dollars) are revised downward by $309 billion in 1985. This downward revision grows
to over $10.4 trillion in 2018—a downward revision of 39.7 percent in current dollars. The downward revision to
net stocks in 2018 is about $2.4 trillion for equipment and $8.0 trillion for structures. Under the longer historic
trial, which implements revised rates starting in 1901, and using the revised Set 1 depreciation rates, net stocks
are revised downward by $10.7 trillion in 2018. These downward revisions imply reductions in estimates of the
value of fixed assets in the balance sheets of the Business Sector in the IMAs (sectoral accounts).** Using the Set 2
depreciation rates, the downward revision to net stocks in 2018 is $8.0 trillion (30.4 percent) under the recent

trial (1985 forward) and $8.4 trillion under the historic trial (1901 forward).

These downward revisions to net stocks reflect downward revisions to several categories of equipment
and structures. Under the recent trial, with revised rates starting in 1985, and within equipment, downward
revisions occurred for information processing equipment such as computers, communications equipment and
instruments ($0.6 trillion), industrial equipment ($0.9 trillion), transportation equipment ($0.4 trillion), and all
other equipment ($0.5 trillion). Within structures, downward revisions occurred for commercial and healthcare
($3.2 trillion), manufacturing ($0.9 trillion), power and communication ($1.5 trillion), mining exploration ($0.6

trillion), and all other structures ($1.8 trillion).

4% One ongoing issue with the balance sheets in the Business Sector of the IMAs is that the estimates of total real estate
assets (including structures and land) and BEA’s estimates of total structures (not including land) can sometimes imply (by
subtraction) unrealistic estimates of land owned by the Business Sector. The use of faster depreciation rates may reduce this
problem.



Figure 2. Net Capital Stocks: Published BEA Estimates Compared to Revised Estimates
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Net investment is revised downward with the faster Statistics Canada depreciation rates, with the

revisions equal in magnitude (but opposite in sign) to the upward revisions to CFC (Figure 3). These revisions to

net investment do not shed any new light on the reasons for the timing of the productivity slowdown that began

around 2004 because the revisions begin several years before the slowdown started. Nevertheless, the

downward revisions to net investment and net stocks are noteworthy. The data underlying Figures 1, 2, and 3 are

presented in Appendix B., Tables 3a, 3b, 4a, and 4b.
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Figure 3. Net fixed investment: Published BEA Estimates Compared to Revised Estimates
Private Nonresidential Fixed Assets
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BLS Revised Capital Measures

We used the revised depreciation rates to construct capital stock and capital services measures for major
sectors, including the Private Business, Private Nonfarm Business, and Manufacturing Sectors; and for 60 National
Income and Product Account (NIPA), roughly 3-digit level, industries. Figure 4 presents the BLS official capital
stock levels, in constant 2012 dollars, for the Private Nonfarm Business Sector along with the capital stock
measures constructed using the revised depreciation rates for both Set 1 and Set 2. The average annual growth
rate of the BLS official capital stock measures for Private Nonfarm Business, from 1987-2018, is reduced from
1.8% to 1.6% (Set 1) and 1.7% (Set 2) when the revised depreciation rates are substituted for the current rates, in
all available investment years from 1901 forward. Introducing the new rates in 1985 reduces the capital stock
growth rate substantially over the 1987-2018 period, from the official value of 1.8% to 0.9% and 1.2%, for Set 1

and Set 2, respectively. This reflects the introduction of the faster depreciation rates more closely to the 1987-
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2018 time period, and the inclusion of investment which until 1984 was depreciated at a slower rate. When the
Statistics Canada based depreciation rates are applied beginning in 1985 for both sets of rates, the Perpetual
Inventory Method is working with an identical capital stock as the original data through 1985, but after that the

stock grows more slowly.

Figure 4. BLS Official and Revised Capital Stock Measures for the
Private Nonfarm Business Sector
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Figure 5 presents the growth rates of the BLS official capital stock for the Private Nonfarm Business Sector
and the revised capital stock measures based on Statistics Canada depreciation rates applied for 1901 forward
and 1985 forward, for both sets of rates. Since investment is the same for each method of estimating capital
stock, the growth rate of the substantially smaller capital stock based on revised Set 1 and Set 2 Statistics Canada
rates for 1901 forward exhibits far more variation than in the case of the BLS official capital stock measure, based
on the current service lives, or the capital stock generated using both sets of Statistics Canada revised rates for

1985 forward. As time progresses, the capital stock created using the revised rates for 1901 forward will
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approach the capital stock which uses revised rates for 1985 forward and their growth rates will also converge.
The growth rates for both the first and second sets of rates, when new service lives are implemented beginning in
1985, are consistently lower than current BLS capital stock growth rates. Compared to current values, the faster
depreciation of capital beginning in 1985 results in this slower net growth of the stock. The BLS current and
revised capital stock growth rates for the major sector and NIPA industries are available in Appendix B., Tables 5a

and 5b for selected time periods.

Figure 5. BLS Official and Revised Capital Stock Measures for the

Private Nonfarm Business Sector
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As noted above, BEA and BLS capital stock measures differ in terms of the assumptions made about asset
depreciation rates and patterns of decline over time, as well as the types of assets included in each agency’s
measures. Comparisons between the BEA and BLS capital stock measures as a result are somewhat difficult.
Regardless, we see that the use of the Statistics Canada depreciation rates results in lower stocks for both sets of

estimates.
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The change in service lives and depreciation rates is expected to reduce capital stocks, but the effect on
capital services is less obvious. BLS measures of capital services are calculated as proportional to the capital stock,
where the proportion is the rental price of the asset.>® Capital services for the Private Nonfarm Business Sector
under Set 1 and Set 2 scenarios are presented in Figure 6, along with the official values. All Set 1 and Set 2
simulated capital services series are greater than the official values during the first two thirds of the time series.
Both the Set 1 and Set 2 capital services series — when revised service lives are implemented in 1985 — begin
higher than those implemented in 1901, but also exhibit slower growth, so that they finish below the 1901 series
and the BLS official series in 2018. The official value of capital services starts lower than the other two series, but
surpasses the two Set 1 capital services series by 2011. The trend lines for all five series are similar though, with
relatively steady growth except for a slowdown during and following the Great Recession. The BLS current and
revised capital services growth rates for the major sector and NIPA industries are available in Appendix B., Tables

6a and 6b for selected time periods.

50 The methods are further explained in U.S. Department of Labor, Bureau of Labor Statistics, “Trends in Multifactor
Productivity, 1948-81,” Bulletin 2178, (Washington DC: U.S. Government Printing Office) September 1983, p. 40.

36



Figure 6. BLS Official and Revised Capital Services Measures for the

Private Nonfarm Business Sector
(Constant 2012 Dollars)
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The revised, generally faster depreciation rates used in our capital services simulations had little effect on
the estimates of capital services. This can be explained by the offsetting effects of faster depreciation rates on
capital stock and capital services measures. Changes in depreciation rates directly affect both productive capital
stock measures and rental price measures. Faster depreciation rates lead to increases in rental prices and capital
services per dollar of stock, which offset the reduction in productive stocks. The net effect on capital services is
small. However, rental prices also function as a means of allocating capital income among capital assets. A
change in depreciation rates may result in a change in the productive capital stock measures by asset type as well.
In addition, the allocation of capital income among the capital assets and therefore the aggregation of the capital

assets into broader capital stock measures may be impacted.

Faster depreciation rates also have offsetting effects on rates of return and capital stocks in the corporate

sector. This is because the BLS capital measurement methodology adopts BEA corporate capital income and total
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capital income as given. Only BLS’s non-corporate capital income changes relative to depreciation rate and rental
price fluctuations. For example, a change in depreciation rates may result in a change in the distribution of
proprietors’ income to labor and capital. The impact of changes in the depreciation rates on capital services will
be minimal as a result and reflect only changes in the distribution and weighting of assets as well as changes to

non-corporate capital income.

Figure 7 displays capital service measure annual growth rates, for the BLS official capital service measure
and the revised measures. Note that the updated capital services measures have very similar annual growth rate
movements, with level shifts that remain relatively consistent among the separate series. When new service lives
are applied beginning in 1985, the growth rate of capital services series of both Set 1 and Set 2 tend to be lower

than those series where new service lives are applied beginning in 1901, and lower than the current BLS series.

Figure 7. BLS Official and Revised Capital Services Measures for the

Private Nonfarm Business Sector
(Annual Growth Rates)
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While BLS official capital stock annual growth from 1987-2018 for the major sectors differs by less than
0.2 percentage points from that of capital stock based on Set 1 or Set 2 revised rates for 1901, the NIPA industries
show a wider difference between annual growth rates for the BLS official capital stock measure and capital stock
measures based on revised rates for 1901 forward. For example, NAICS 485, Transit and Ground Passenger
Transportation, has capital stock using revised Set 1 rates for 1901 forward growing 1.42 percentage points faster
than the BLS official capital stock for this industry. In addition, the differences between the 1987-2018 annual
growth rates of the BLS official capital stock measure and capital stock measures based on revised rates for 1985
forward by NIPA industry are more pronounced than those between the BLS official capital stock measure and the
1901 forward measures. This suggests that if an update to depreciation rates is adopted, implementing the new
rates for all years of investment data available may produce less substantial deviations from current BLS
measures. Similar effects are observed for differences between the BLS official capital service measures and the

revised capital service measures.

For the major sectors, capital stock levels and growth rates are impacted by the revised service lives,
whether implemented on a historical basis or beginning in 1985. The reductions in the level of capital stock are
expected given the generally downward revisions in service lives and upward adjustments in depreciation rates.
On the other hand, there appears to be little difference in capital service levels and growth rates at the aggregate
level, as a result of the updated depreciation rates. However, the impact on detailed NIPA industry capital stock
and capital service measures appears to be larger, for many industries, and warrants additional investigation. The
differences in both major sector and NIPA industry capital stock and capital services measure growth rates when
constructed using the current and revised Set 1 and Set 2 depreciation rates are displayed in Appendix B., Tables
7a, 7b, 8a and 8b, for selected time periods. From Tables 7a and 7b, it is evident that the revised depreciation
rates result in greater capital stock differences at the more detailed NIPA industry level than at the aggregate

major sector level.
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Variation across industries is summarized in Figures 8a-d and 9a-d below, illustrating how the data from
Set 1 and Set 2 differ from current BLS capital stock and capital services growth rate data. Each figure presents the
distribution of industry average deviations from current BLS average growth rates for the years 1988-2018. For
example, the industry average deviation between the BLS and Set 1 (1901 implemented) capital stock growth
rates is calculated as the average annual growth rate of capital stock for each industry under current BLS
methodology less the average growth rate of capital stock for each industry using the Set 1 service lives and

depreciation rate when implemented in 1901.

Figure 8a illustrates the distribution of these differences in capital stock growth rates by industry when
Set 1 service lives are implemented in 1901. The modal difference is between 0 and 0.25 percentage points. About
three-quarters of industries fall to the right of zero, illustrating that at the industry level, current BLS industry
capital stock average growth rates are greater than the average growth rates resulting from the Set 1 service lives.
Figure 8b presents this same distribution when Set 1 service lives are implemented in 1985. The currently
calculated BLS average capital stock growth rate is higher in every industry compared to the average growth rates
when the (typically shorter) service lives of Set 1 are implemented in 1985. Figures 8c and 8d present similar
information for Set 2 service lives and depreciation rates implemented in 1901 (Figure 8c) and in 1985 (Figure 8d).
When Set 2 service lives are implemented in 1901, about two-thirds of industries have average capital stock
growth rates less than current BLS values. A little over one-half of industries have average capital stock growth
rates within 0.25 percentage points of the current BLS values, indicating that the changes arising from Set 2

service lives are not large in general.
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Figure 8a. Percentage of Differences in Capital Stock Growth Rates for 60 NIPA Industries
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Figure 8b. Percentage of Differences in Capital Stock Growth Rates for 60 NIPA Industries
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Figure 8c. Percentage of Differences in Capital Stock Growth Rates for 60 NIPA Industries

BLS Current less SC Set 2 (1901)
Compound Growth Rates, 1987-2018
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Figure 8d. Percentage of Differences in Capital Stock Growth Rates for 60 NIPA Industries
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Figures 9a-d illustrate the distribution of the differences in capital services growth rates by industry.
Figure 9a shows the distribution of differences between the current BLS capital services average growth rates and
the Set 1, 1901 implemented growth rates for 1987-2018. Over two-thirds of industries have deviations from the
current BLS capital services growth rate of within + 0.5. Figure 9b presents this same distribution when Set 1
service lives are implemented in 1985 and shows that the currently calculated BLS average capital services growth

rate is higher in every industry compared to the average growth rates when the generally shorter service lives of
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Set 1 are implemented in 1985. Figures 9c and 9d present similar information for Set 2 service lives and
depreciation rates implemented in 1901 (Figure 8c) and in 1985 (Figure 8d). When the more moderate Set 2
service lives are implemented in 1901, over three-fourths of industries have revised capital services growth rates
that are within + 0.5 of the current BLS capital services average annual growth rates, from 1987-2018.
Implementing the Set 2 lives in 1985 results in capital services average annual growth rates that are up to 0.75

percentage points slower than the current BLS capital services growth rates for 80 percent of industries.

Figure 9a. Percentage of Differences in Capital Services Growth Rates for 60 NIPA Industries
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Figure 9b. Percentage of Differences in Capital Services Growth Rates for 60 NIPA Industries

BLS Current less SC Set 1 (1985)
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Figure 9c. Percentage of Differences in Capital Services Growth Rates for 60 NIPA Industries

BLS Current less SC Set 2 (1901)
Compound Growth Rates, 1987-2018
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Figure 9d. Percentage of Differences in Capital Services Growth Rates for 60 NIPA Industries
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Figure 10 shows the impacts of the revised depreciation rates on BLS MFP growth estimates for the
Private Nonfarm Business Sector over the 1988-2018 period. The revised MFP growth rates, based on our
experimental capital service measures, are very similar. The series with Set 1 service lives implemented in 1985
results in the largest differences with the published MFP growth values. Looking at year to year differences, the
published MFP series is consistently lower, by 0.3 percentage points in fifteen years, 0.4 percentage points in an
additional six years, and 0.5 in one year. The other three series are closer to the published values, but are

consistently smaller, usually about 0.1 or 0.2 percentage points lower. In part, the difference between the
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published and experimental Set 1 MFP growth rates reflects a difference in the underlying capital stock measures.
Growth rates for the capital stock derived using the Set 1 service lives beginning in 1985 also exhibit the largest
deviation from published BLS capital stock growth rates (Figure 5 above.) Over time, the levels of capital stock
indicated by the Set 1 and Set 2 rates, implemented either in 1901 or 1985, converge to a new, lower level (Figure
4 above.) Appendix B. Table 9 presents the MFP indexes and growth rates for the published and revised Set 1

and Set 2 MFP measures.

Figure 10. BLS Official and Revised Multifactor Productivity Measures for the
Private Nonfarm Business Sector
(Annual Growth Rates)
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Figures 11a-d show the distribution of the differences between the current and revised BLS MFP growth
rates for the private nonfarm business sector, from 1988 to 2018. Figure 11a shows the deviation of the revised
MFP growth rates, when calculated with the Set 1 service lives implemented in 1901, from the current BLS MFP
growth rates. MFP average annual growth rates for 1988-2018, based on the Set 1 (1901) revised service lives are
similar to or slightly faster than the current BLS growth rates. In 23 of the 31 years, the revised MFP growth rates

are within 0.2 percentage points of the current BLS MFP growth rates. Imposing the Set 1 service lives beginning
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in 1985 results in revised MFP growth rates for all years that are somewhat higher than the current BLS rates. Of
the 31 years in this time period, 23 have rates up to 0.35 percentage points above the current BLS MFP rates, as
shown in Figure 11b. Using the more moderate Set 2 service lives beginning in 1901 results in revised MFP growth
rates within 0.1 percentage point of current BLS MFP growth rates for 23 of the 31 years, as shown in Figure 11c.
Implementing the Set 2 service lives in 1985 results in revised MFP average annual growth rates for 1988-2018
that are mildly faster than the current BLS MFP growth rates in each year. MFP growth rates are up to 0.25

percentage points above the current BLS MFP average annual growth rates for 28 of the 31 years.

Figure 11a. Percentage of Differences in Annual MFP Growth Rates

BLS Current less SC Set 1 (1901)
Private Nonfarm Business Sector, 1988-2018

30
25
20

15

10 I I
' m m _ 1 |

-04--035 -035--03 -03--025 -0.25--0.2 -0.2--0.15 -0.15--0.1 -0.1--0.05 -0.05-0 0-0.05

wv

46



30

25

20

15

10

Figure 11b. Percentage of Differences in Annual MFP Growth
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Figure 11c. Percentage of Differences in Annual MFP Growth Rates
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Figure 11d. Percentage of Differences in Annual MFP Growth Rates

BLS Current less SC Set 2 (1985)
Private Nonfarm Business Sector, 1988-2018
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As a final test of the sensitivity of MFP growth rates to the values of asset service lives, we constructed
four additional service life series. We created upper and lower boundaries based on substantial increases and
decreases in current and trial asset service life series. We perform four experiments, the first with current BLS
asset service lives decreased by 50 percent, establishing an upper boundary for depreciation rates, and the
second with each BLS service life increased by 25 percent, establishing a lower boundary for depreciation rates
(the BLS-50 and BLS-125 runs, respectively).>! These two trial runs provide an indication of what happens to
variables of interest (primarily MFP growth) when there is a large decrease or increase in asset service lives. The
next two experiments use Set 2 asset service lives decreased by 25 percent to establish an upper boundary for the
Set 2 depreciation rates and increased by 150 percent to establish a lower depreciation rate boundary. We refer
to these Set 2 boundary runs, respectively, as the Set2-75 and Set2-250 boundary runs. In each of these cases, we

use existing BLS asset service lives through 1984 and then implement the new service lives beginning in 1985.

51 As with the Set 1 and Set 2 service life experiments, a limited number of asset service lives are not changed because BEA
and BLS use more recent data to determine asset service life and depreciation rates. In addition, because BLS service lives
are already relatively long, increasing them by 50% resulted in untenable values for many assets. As a result, we used a 25%
increase in BLS lives for the upper bound in this simulation.
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Figure 12 shows the BLS official MFP growth series and the MFP growth series computed using the BLS-50
and BLS-125 boundary runs for the Private Nonfarm Business Sector. The BLS-50 experiment produced average
MFP growth since 1987 of 1.2 percent, while the BLS-125 run resulted in average MFP growth of 0.7 percent.
Official BLS average MFP growth over this time period was 0.8 percent. In every year, the MFP growth rate of the
BLS-50 was greater than the official MFP growth reported for that year, with the largest difference (.7 percentage
points) occurring in 1990-91 and the smallest difference (.1) occurring in 2006 and 2013-15. Likewise, the BLS-125
MFP growth was the same or slightly lower than the official value in each year, with a maximum difference of .2 in
1990-91 and 2009-10 and no difference in 1988 and 2015-18. From these experiments, we see that substantial
changes to the relatively lengthy current BLS service lives have minimal effects on MFP growth. Using service lives
based on an extraordinary, nearly across-the-board 50 percent reduction in services lives increased average MFP

growth by just 0.4 percentage points.

Figure 12. BLS Official, BLS-50 (Upper Boundary) and BLS-125 (Lower Boundary)

Multifactor Productivity Measures
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The distributions of the MFP growth rate differences between the current BLS MFP growth rates and MFP
growth rates derived from the BLS-50 and BLS-125 runs are presented in figures 13a and 13b below, for the
private nonfarm business sector over the 1988 to 2018 period. As seen in figure 13a, decreasing BLS capital asset
service lives by 50 percent results in as much as a 0.75 percentage point increase in the average annual MFP
growth rate. Nearly 70 percent of the MFP annual growth rates based on the shorter service lives (21 of 31 years)
are less than 0.45 percentage points from the official MFP annual growth rates. Increasing BLS capital asset
service lives by 25 percent results in a distribution of annual MFP growth rates ranging from nearly zero to 0.16
percentage points deviation from published BLS MFP growth rates. As shown in figure 13b, the deviation from

current BLS MFP growth rates is generally less than 0.15 percentage points.

Figure 13a. Percentage of Differences in Annual MFP Growth Rates

BLS Current less BLS-50 (Upper Boundary)
Private Nonfarm Business Sector, 1988-2018
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Figure 13b. Percentage of Differences in Annual MFP Growth
BLS Current less BLS-125 (Lower Boundary)
Private Nonfarm Business Sector, 1988-2018
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Figure 14 shows the BLS official MFP growth series and the MFP growth series computed using the Set2-
75 and Set2-250 boundary runs for the Private Nonfarm Business Sector. The Set 2 boundary experiment runs
produce similar results. The Set 2 asset service lives are consistently shorter than the current BLS lives. A 75
percent reduction in these lives results in an average MFP growth from 1987 through 2018 of 1.2 percent,
compared to the Set 2 average of 1.0 percent. Likewise, a 250 percent increase in the Set 2 asset service lives
results in an average MFP growth of 0.6 percent. These tests confirm one conclusion from this paper, that small to
midsize changes in selected asset service lives will have little impact on measured MFP productivity growth over

time.>?

52 Capital stock and services results for the boundary rate simulations are in Appendix Tables 5c, 5d, 6¢, 6d, 7c, 7d, 8c, and 8d.
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Figure 14. Set 2, Set 2-75 (Upper Boundary), and Set 2-250 (Lower Boundary)
Multifactor Productivity Measures

Private Nonfarm Business Sector
(Annual Growth Rates)

35

3.0

25

20

15

1.0

05

0.0

-0.5

-10

-15

P T N R - L - B ™ R W™ S S B o FR TP T P A . R T N, SR TR T S, S - T WY, 3
I S X (K. G (N, (X X (I X (S S SN S N R i S PR PR R R P
— MFP, Set 2 (applied 1985)  essees MFP, Set 2-75 (Upper Boundary) (applied 1985) e MFP, Set 2-250 (Lower Boundary) (applied 1985)

The distributions of upper and lower boundary differences from the Set 2 MFP growth rates are shown in Figures
15a and 15b below for the private nonfarm business sector over the 1988 to 2018 period. MFP annual growth
rates for 1988 to 2018 increase by as much as 0.34 percentage points from the original Set 2 growth rates when
we decrease the Set 2 service lives (and so increase the depreciation rates) by 25 percent. Nearly 70 percent of
the Set 2 annual growth rates based on the shorter service lives (21 of 31 years) are within 0.2 percentage points
from the original Set 2 annual growth rates. However, increasing the Set 2 capital asset service lives by 150
percent (slowing the depreciation rates) results in a wider distribution of deviations from the original Set 2 MFP
growth rates, ranging from almost 0.2 to 0.65 percentage points. As shown in figure 15b, the majority of years
(24 of 31 years, or 77 percent) have less than a 0.5 percentage point deviation from the original Set 2 MFP growth

rates.
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Figure 15a. Percentage of Differences in Annual MFP Growth Rates
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Figure 15b. Percentage of Differences in Annual MFP Growth
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VI. Conclusion

In this article, we estimate experimental capital measures using alternative, typically faster, depreciation
rates based on studies by Statistics Canada that principally apply the Hulten-Wykoff methodology to more recent
data from Canada’s Annual Capital Expenditures Survey. The Statistics Canada results are consistent with Bokhari
and Geltner (2019) who apply a similar approach to estimate depreciation rates for commercial buildings in the
U.S. in recent years. Both studies find faster depreciation rates than those used by BEA and BLS, where the largest
differences in rates are for structures. Using another country’s depreciation rates may introduce biases because
true depreciation rates can vary across countries, the similarity of findings obtained with more recent Canadian
and U.S data suggest that the Statistics Canada studies may be relevant for the U.S. In light of the faster
depreciation rates supported by these and other studies, U.S. rates — based on a patchwork of vintage research
— may no longer be adequately capturing the depreciation of U.S. capital assets. If so, what is the impact on U.S.

capital and MFP measures?

Our results show that using the alternative depreciation rates produces substantial revisions to BEA’s
capital measures. When we incorporate the faster depreciation rates from 1985 forward, we find that CFC is
revised upward by $242 billion in current dollars (11 percent) in 2018, net investment is revised downward by the
same amount, and net capital stocks are revised downward by $10.4 trillion (40 percent), with a $2.4 trillion
downward revision to stocks of equipment and an $8.0 trillion downward revision to stocks of structures.

Capital stock levels that underlie U.S. productivity data are similarly affected. Constructing estimates of
BLS Private Nonfarm Business capital stock using the Statistics Canada Set 1 rates from 1901 forward results in
constant 2012 dollar capital stock levels that range from 35 to 39% lower than current BLS capital stock levels,
over the 1987-2018 period. Capital stock levels based on the 1985 forward use of the Statistics Canada Set 1
depreciation rates decline less precipitously, from 0.002 to 24%, as much of the value of previous capital stock
remains in place. However, capital services, growth rates in capital services, and MFP growth rates for major

sectors show a relatively small impact from using the Statistics Canada Set 1 revised rates, either from 1901
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forward or 1985 forward. The effects on capital stocks, capital services, and MFP are larger if the faster
depreciation rates are introduced in 1985 than if they are introduced in 1901. This is because the 1985 series is
already at a higher level in 1985 and converges to the 1901 series as older capital is discarded.

The BEA and BLS capital measures currently use depreciation rates for equipment and structures that are
mostly based on the widely respected Hulten-Wykoff studies from the early 1980s. These depreciation rates play
a key role in BEA’s estimates of net capital stocks, net investment, and net saving, and BLS measures of
productivity and capital services. Because the estimation of depreciation rates is difficult and requires specialized
data sets of used equipment transactions, BEA and BLS have not updated these rates, although depreciation
patterns change over time. Unfortunately, few resources are devoted to gauging the accuracy of these rates. As a
step towards improving the accuracy of U.S. capital depreciation rates, BEA and BLS might in future consider
selective revisions to depreciation rates of a subset of these asset categories of assets, depending on the

prevailing assessment and availability of empirical evidence.

Accordingly, we hope this comparison encourages additional research and discussion regarding the
depreciation rates and services lives of U.S. equipment and structures, used by BEA and BLS when constructing
capital and related measures in the U.S. economy. Because the collection of survey data on used asset
transactions can be costly, we especially encourage studies based on automated records of used asset
transactions. In the meantime, users of these capital measures should be aware of the sensitivity of these

measures to the choice of depreciation rates.
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Appendix A. U.S. and Canadian Capital Asset Concordance

Our first step was to develop a concordance between the asset classification systems of the two

countries. The concordance between U.S. and Canadian productive assets was created jointly by Bob Kornfeld of

BEA and Susan Powers of BLS. Statistics Canada uses an asset classification system that features more detailed
asset categories, in general, than the U.S. asset classification system. While some asset categories appear to be
direct matches, other categories include more detailed assets in the Canadian system. Statistics Canada
depreciation rates are generally faster than current U.S. depreciation rates, with the Canadian depreciation rate
for structures assets significantly faster. Overall, we found the concordance to provide a reasonable scaffold on

which to develop useful proposed depreciation rates for this analysis.

An example of a direct match between the Canadian and U.S. asset classification schemes is the BLS
category Autos (22), and the Canadian category Passenger Cars (MPG336111). The U.S. BLS category Autos (22)
currently has a depreciation rate of 0.2165, while the Canadian Passenger Cars (MPG336111) category has a
somewhat faster depreciation rate of 0.299. Medical Equipment and Related Instruments (27) is a direct match
with the Canadian category Medical, Dental and Personal Safety Supplies, Instruments and Equipment

(MPG339100), which has more than double the current U.S. depreciation rate, at 0.301.

In most cases, though, the asset categories are very similar but do not match exactly. We undertook a
careful review to match the Canadian asset categories to the U.S. asset categories based on a detailed study of
each asset description. This typically resulted in a combination of Canadian asset categories being related to a
single broader U.S. asset category. For example, the U.S. asset category Other Fabricated Metal Products (3)

corresponds to five detailed Canadian asset categories. A new depreciation rate for the broader U.S. asset
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category was developed by weighting the depreciation rates for the more detailed Canadian categories using

detailed nominal investment data from BEA’s benchmark (Economic Census year) estimates.?

In a very few instances, to build up the underlying asset detail matches to the U.S. broader categories, a
detailed Canadian asset category was assigned to multiple U.S. asset categories. For example, the BLS category
Steam Engines and Turbines (asset 4) is matched with the Statistics Canada category Turbines and Turbine
Generator Set Units (asset MPG333601). The BLS category Internal Combustion Engines (asset 5) is also matched
with Turbines and Turbine Generator Set Units (asset MPG333601), as well as Other Engine and Power
Transmission Equipment (asset MPG 333609). This was done selectively, where the Canadian category — while not
a perfect match — was the best match to detailed assets in more than one U.S. fixed investment expenditure
category. In the case of Internal Combustion Engines, the investment weighted depreciation rate becomes 0.0929
rather than the BLS value of 0.1972. This asset is one of the few for which the service life obtained from Canadian

data is greater than the current U.S. value.

The current U.S. asset classification scheme includes a few assets where the service lives depend on
industry of use. For example, the U.S. classification scheme includes different depreciation rates for 22 industries
under the asset category Metal Working Machinery (11). These service lives range from a low of 12 years in
NAICS 321, Wood Products, to a high of 28 years in NAICS 331, Primary Metal Manufacturing. Special Industry
Machinery (12) and General Industrial Equipment Including Materials Handling (13) also have multiple service lives
based on the industry in which the asset is used. These industry specific depreciation rates for selected asset
categories were developed based on industry studies conducted during the 1970s by the former Office of

Industrial Economics (OIE) of the U.S. Department of the Treasury and from industry studies conducted during the

! For example, U.S. asset (1), Household Furniture and Fixtures, was matched to three of Statistics Canada’s more detailed
asset categories. After matching the three detailed Statistics Canada assets to similar U.S. detailed input-output commodity
items, the 2007 investment expenditure values for the three U.S. items were used to weight up the depreciation rates for the
three Statistics Canada detailed assets and create an overall weighted average rate for asset (1).
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1980s and 1990s by the Office of Tax Analysis (OTA) of the U.S. Department of the Treasury.? To obtain revised
depreciation rates for these asset-industry breakouts beneath assets (11), (12), and (13), we first noted that each
of these three assets included industry-specific depreciation rates for twenty one specific manufacturing
industries and also for nonmanufacturing industries overall. For each of these three assets, we used the
relationship between the depreciation rates for each specific industry and the nonmanufacturing industry

category to adjust the Statistics Canada depreciation rate for the overall asset category.?

2 See U.S. Department of Commerce, Bureau of Economic Analysis, Fixed Assets and Consumer Durable Goods in the United
States, 1925-97, (Washington, DC: U.S. Government Printing Office, September, 2003), p. M-32, footnote 69 for a further
description of these industry studies.

3 For example, the Wood Products industry’s revised BLS depreciation rate under Asset 11, Metalworking Machinery, was
calculated as the BLS current rate for Wood Products (0.1671) divided by the BLS Nonmanufacturing Industries rate for
Metalworking Machinery (0.1203), resulting in a ratio of 1.38903. The calculated Set 1 depreciation rate based on Statistics
Canada data for asset 11 is 0.1970. The Statistics Canada Set 1 industry specific rate for Wood Products under Metalworking
Machinery is then 1.38903 * 0.197, or 0.27364.
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