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Abstract

Integrating national accounting with financial accounting, we provide firm-specific
estimates of current-cost capital stocks for the entire Compustat universe, as well as
an array of estimates of investment flows, economic depreciation rates, and capital and
investment price deflators. The firm-level current-cost investment rate distribution is
heavily right-skewed, with a small fraction of negative investment rates, 5.51%, but a
huge fraction of positive investment rates, 91.64%. Despite a tiny fraction of inactive
investment rates, 2.85%, firm-level investment also seems lumpy, featuring a fraction of
32.66% for positive spikes (investment rates higher than 20%). For a typical firm, 39%
of total investment is completed within 20% of the sample years.
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1 Introduction

How to measure the investment rate? While largely settled at the aggregate level, as exemplified
by the fixed assets accounts at Bureau of Economic Analysis (BEA), this seemingly simple problem
remains a serious challenge at the firm level. A meta-analysis of the published literature from 2000
onward at top-five finance journals identifies 347 articles that contain 393 appearances of 40 different
firm-level investment rates (mostly based on Compustat).! Across the 40 measures, the mean varies
wildly from 3.38% per annum to 64.03%, the cross-sectional standard deviation from 7.13% to
128.63%, the skewness from 1.48 to 4.49, and the serial correlation from 0.14 to 0.66 (Figure 1). The

giant mess of 40 different investment rates cries out for more scientifically accurate measurement.

We strive to measure accurately the firm-level investment rate by integrating economic ac-
counting in national accounts with financial accounting in Compustat. The centerpiece of our data
infrastructure is the construction of firm-specific current-cost capital stocks (the replacement costs)
via perpetual inventory method. We measure investment flows as the change in net property, plant,
and equipment (PPE) plus accounting depreciation. Expanding on Hayashi and Inoue (1991), we
show that this investment measure likely outperforms other, more popular choices (such as capital

expenditure), given a myriad of data limitations in Compustat.

We calculate industry-specific capital and investment price deflators as well as economic depre-
ciation rates based on the BEA data and assign them to all the firms within a given industry. As
a byproduct, we develop a meticulous mapping between Compustat firms and industry classifica-
tion based on North American Industry Classification System (NAICS), while converting different

versions of Standard Industry Classification (SIC) codes into NAICS codes prior to June 1985.

In our 1963-2020 working sample that contains 169,828 firm-years drawn from Compustat, the
current-cost investment rate (change in net PPE plus accounting depreciation scaled by current-

cost capital) has an average of 23.84% per annum, which is much higher than the median of 13.03%.

!The top-five finance journals include Journal of Finance, Journal of Financial Economics, Review of Financial
Studies, Journal of Financial and Quantitative Analysis, and Review of Finance.



The cross-sectional standard deviation is 37.2%, and the serial correlation 0.34. The basic moments
for the historical-cost investment rate (change in net PPE plus accounting depreciation scaled by
net PPE) differ drastically. The average is 40.27%, the median 22.78%, the standard deviation
62.9%, all of which are about 70-75% higher than their current-cost counterparts. However, the
serial correlation is lower, 0.25. Relatedly, the ratio of current-cost to historical-cost capital is on

average 2.11, with a median of 1.61, a standard deviation of 1.79, and a skewness of 3.58.

We trace the differences between current- and historical-cost capital stocks to the differences be-
tween economic and accounting depreciation rates. Capital and investment price adjustment plays
only a secondary role. The economic depreciation rate has a mean of 6.9% per annum, a standard
deviation of 1.96%, a 5th percentile of 3.69%, and a 95th percentile of 10.69%, all of which differ

drastically from their accounting counterparts, 20.94%, 16.65%, 4.75%, and 50.69%, respectively.

The firm-level current-cost investment rate distribution is heavily right-skewed, with a small
fraction of negative investment rates (below —1%), 5.51%, a long right tail, a skewness of 3.33,
and an excess kurtosis of 14.28. The fraction of inactive investment rates (between —1% and 1%)
is tiny, 2.85%. The asymmetry between the small fraction of negative rates, 5.51%, and the huge

fraction of positive investment rates (above 1%), 91.64%, strongly indicates costly reversibility.?

The asymmetric firm-level investment rate distribution is robust to sample periods, the exclusion
of firm-years with large mergers and acquisitions, in which the difference between our investment
measure and capital expenditure is higher than 15% of a firm’s current-cost capital, and the removal
of the first three years of observations for a given firm. The asymmetry is also present in both the
small- and big-firm subsamples split by the median NYSE market equity (and current-cost capital),

as well as in 19 nonfinancial NAICS sectors and 58 nonfinancial private industries.

The firm-level asymmetry evidence is even stronger than the prior plant-level evidence (Cooper

and Haltiwanger 2006). The firm-level fraction of negative investment rates is smaller, 5.51% versus

2Qur definition of negative investment rates (below —1%), inactive investment rates (between —1% and 1%), and
positive investment rates (above 1%) follows exactly the definition of Cooper and Haltiwanger (2006).



10.4%, and the fraction of inactive investment rates is also smaller, 2.85% versus 8.1%, yielding
a larger fraction of positive investment rates, 91.64% versus 81.5%. Sampling criteria likely play
a role. Cooper and Haltiwanger include only relatively large manufacturing plants in continuous
operations throughout their 1972-1988 sample. In contrast, we include firms in different industries
(not just manufacturing), with no restrictions on size or age. In addition, aggregation from plants

to firms also likely reduces the fractions of negative and inactive investment rates.

Despite the tiny fraction of inactive investment rates, 2.85%, firm-level investment is lumpy.
With the Cooper-Haltiwanger (2006) cutoff of 20% for positive investment spikes, the spike rate
is 32.66% in our sample, which is even higher than their estimate of 18.6% at the plant level. In
addition, we extend Doms and Dunne’s (1998) classic, plant-level tests to the firm level. To ease
comparison with their balanced panel of plants, we split our unbalanced Compustat panel of firms
by decade. For each decade, we include only firms with a complete coverage to yield a balanced
panel. We show that averaged across six decades, about 39% of total investment is completed
within just two years (20% of the sample years). For comparison, Doms and Dunne show that

about 50% of total investment is done within three out of 16 years (about 20%) in their sample.

Our data infrastructure represents a major step forward in firm-level economic measurement.
Another meta-analysis covers 33 studies that apply the perpetual inventory method at the firm
level, starting from Lindenberg and Ross (1981). Only ten out of the 33 are published from 2000
onward at the top-five finance journals. We innovate on the prior attempts in several ways. First,
most studies use small samples with only manufacturing firms. For example, building on Salinger
and Summers (1983), Whited (1992) draws 325 manufacturing firms. Abel and Eberly (2001) work
with about 12,000 firm-years in the 1974-1993 sample (about 600 firms per year). We instead work

with the entire Compustat universe with standard sample criteria in empirical finance.

Second, most studies use capital expenditure as investment. Although our measure first appears

in Hayashi and Inoue (1991), its usage is by no means standard. Third, most studies only use a



single, aggregate series of implicit price deflator for fixed nonresidential investment to adjust for in-
flation. We instead use the BEA’s industry-specific capital and investment price deflators. Finally,
many studies estimate firm-specific (but constant) economic depreciation rates with the Salinger-
Summers (1983) double declining-balance method. However, BEA (2003) shows the declining-
balance rate to be significantly below two. We instead work with the BEA’s industry-specific (and

time-varying) economic depreciation rates and assign them to all the firms within an industry.

Initiated by Arrow (1968), a prominent theoretical literature on costly reversibility has long
established in the real options framework (Bernanke 1983; McDonald and Siegel 1986; Dixit and
Pindyck 1994) and the neoclassical g-theory of investment (Abel 1983; Abel and Eberly 1994,
1996). Most evidence is from plant-level studies on manufacturing plants from the Census Bureau’s
Longitudinal Research Database (Caballero, Engel, and Haltiwanger 1995; Doms and Dunne 1998;
Cooper and Haltiwanger 2006). A few studies offer direct firm-level evidence but only on very small

samples. We provide large-sample, albeit indirect, evidence for the entire Compustat universe.

Our data infrastructure is likely of broad interest. The investment rate is a central variable
in corporate finance and, increasingly, in asset pricing as well. Empirically, with a more accurate
investment rate measure in place, one can reexamine many established results on investment and
other corporate decisions in the prior literature. Theoretically, our investment rate moments can
guide the calibration and development of quantitative models in corporate finance and asset pricing.
Finally, for macroeconomists, our data infrastructure is also of interest because the Census Bureau

has stopped collecting relevant data such as capital retirements since the late 1980s. Compustat is

3Chirinko and Schaller (2009) use the BEA data to compute sector-specific investment price deflators by dividing
current-cost investments by chained-dollar investments (based on chain-type quantities of investments) and calculate
sector-specific economic depreciation rates by dividing chained-dollar depreciation by chained-dollar capital. However,
the resulting real quantities are in chained dollars, which, due to their nonadditivity (Landefeld, Moulton, and Vojtech
2003), violate the capital accumulation equation. Finally, Chirinko and Schaller construct sector-level (not industry-
level) price deflators and depreciation rates and do not distinguish price deflators between capital and investment.

“Pulvino (1998) shows that financially constrained airliners receive lower prices when selling used aircraft and are
more likely to sell to industry outsiders than unconstrained airlines. Ramey and Shapiro (2001) use equipment-level
data from aerospace plants that closed in the 1990s and estimate the average market value of equipment to be only
28 cents per dollar of replacement costs. Gavazza (2011) examines commercial aircraft markets and shows that
assets with a thinner market are more costly to sell, and firms hold on longer to less productive assets.



one of very few micro-level datasets on which one can apply the perpetual inventory method.

The rest of the article is organized as follows. Section 2 briefly reviews the national accounting
literature, conducts a meta-analysis on prior investment rate measures in Compustat, and surveys
prior studies that apply the perpetual inventory method at the firm level. Section 3 details our
construction of firm-specific current-cost capital stocks. Section 4 documents investment rate prop-

erties. Finally, Section 5 concludes. A separate Internet Appendix furnishes supplementary results.

2 A Meta-Study of Investment Rates

We conduct a meta-study on investment rates to motivate our massive data work.
2.1 Economic Accounting in National Accounts

We sketch the essential elements of economic accounting for fixed assets in the U.S. National Income
and Product Accounts. We only cover the basic ideas, while leaving technical details to the original
sources that we cite. We also document the basic properties of aggregate, sector, and industry

investment rates. Finally, we review the main findings on plant-level investment rates.
2.1.1 A Primer on National Accounts

In the U.S. national accounts, aggregate capital is based on a top-down supply-side approach (BEA
2003; Becker et al. 2006). BEA obtains the domestic supply of each capital good from production
data of capital goods producing industries. Capital purchases by government and consumers are
deducted to obtain gross investment flows by asset class. To form capital stocks by asset class, BEA
applies the perpetual inventory method (PIM) on gross investment series, depreciation profiles, and

investment price deflators (mostly Producer Price Indexes from Bureau of Labor Statistics, BLS).

BEA derives investment flows from five major data sources: (i) economic censuses from the
Census Bureau, which provide establishment-level capital expenditures; (ii) the BEA’s capital flow

tables as part of the input-output accounts, which provide distributions of industry investment flows



by asset class; (iii) the Census Bureau’s Annual Survey of Manufactures (ASM), which provides
equipment and structure investments for manufacturing establishments; (iv) the Census Bureau’s
plant and equipment expenditures (P&E) survey, which provides nonresidential investment data
for nonfarm businesses (discontinued in 1993); and (v) the Census Bureau’s Annual Capital
Expenditures Survey (ACES), which provides data on equipment and structure investments for
private nonfarm businesses (from 1994 onward). While the top-down approach works well for
aggregates, it is more challenging at the industry-asset level. Distributing investment totals by asset
type across industries is based on strong assumptions on the employment-capital relation, especially

for equipment investments (Meade, Rzeznik, and Robinson-Smith 2003; Becker et al. 2006).

For most asset types, BEA uses geometric depreciation rates because geometric, rather than
straight-line, patterns more closely approximate actual profiles of used capital price declines in the
data (Hulten and Wykoff 1981a, 1981b; Fraumeni 1997). The geometric depreciation rates are
determined by dividing the declining-balance rate for each asset by its estimated service life. The
declining-balance rate is estimated on average to be significantly less than the double declining-
balance rate. In contrast, the double declining-balance rate is often assumed in empirical studies

that apply the PIM to measure firm-level capital stocks (Salinger and Summers 1983).

BEA provides current-cost and real-cost estimates of investment, depreciation, and capital
stock. Current-cost capital is the replacement value of capital stock, which is the market value
of its assets to be bought or sold in a given year. Constant-dollar investments are obtained by
deflating current-dollar investments with appropriate price indexes for the assets for each year.
Depreciation is estimated by applying assumed depreciation rates to constant-dollar investment se-
ries. Constant-dollar capital stocks are derived by deducting depreciation from the constant-dollar
investment series, both summed over all years. The constant-dollar estimates are then multiplied

by the appropriate price indexes of the current year to obtain current-dollar estimates.

The detailed constant-dollar estimates for each asset type are exactly the real-cost estimates.



Aggregating real-cost estimates of net stocks of different asset types within a given industry requires
the weighting of the detailed constant-dollar estimates. BEA provides two real-cost estimates. The
standard tables contain chain-type quantity indexes, which apply a Fisher formula with the price
weights from adjacent years to pin down the annual growth rates in quantities.”® The detailed
tables contain fix-weighted constant-dollar estimates.® In the Fisher index, the weights reflect the
composition of prices in adjacent years, rather than the weights of a single base year as in the
fix-weighted constant-dollar estimates. When the base year is updated, the levels of chain-type
quantities change, but their growth rates remain unchanged. In contrast, the growth rates of

fix-weighted estimates change with the base year (Landefeld, Moulton, and Vojtech 2003).

BEA also provides historical-cost estimates of capital stock. The historical-cost net stock is
analogous to net PPE on company financial statements. Assets are valued at the prevailing prices
when first purchased. BEA derives historical-cost net stocks by subtracting historical-cost depre-
ciation from the historical-cost investment series, summed over all years. However, differing from
financial accounting, BEA has adopted geometric (rather than straight-line) depreciation patterns

in its historical-cost estimates since 1997 (Fraumeni 1997).
2.1.2 The BEA’s Aggregate, Sector, and Industry Investment Rates

To provide an economic benchmark with which we compare firm-level investment rates, we docu-
ment the basic properties of aggregate, sector, and industry investment rates from the BEA. From

the detailed tables for 63 private NAICS-industries from the BEA’s fixed assets accounts, we ob-

Ig$

it » and structure, I S$ by

tain: (i) current-cost investments in private nonresidential equipment, St
industry, millions of dollars, annual, 1947-2020; and (ii) current-cost capital stocks in private non-

residential equipment, K £$

i and structure, Kﬁ$, by industry, millions of dollars, annual, 1947—2020.

For industry j in year ¢, we calculate its current-cost investment rate as Ijt/Kjt_1 =

(Ijgt$ +Iﬁ$) / (Kff_1 +K;St$_1). We calculate current-cost investment rates for the 20 BEA sec-

®The standard tables are at https://apps.bea.gov/iTable/iTable.cfm?ReqID=10&step=2 (as of April 2022).
5The detailed tables are at https://apps.bea.gov/national/FA2004/Details/Index.htm (as of April 2022).



tors by summing up investments and capital stocks across all industries within each sec-
tor, i.e., for sector s in year t, we calculate its current-cost investment rate as Ift/Kft_l =
(> jes Iﬁ$ + D jes Iﬁ$)/(2j€s Kfﬁ_l + 2 jes Kﬁ$—1) Analogously, we calculate the aggregate
current-cost investment rate as I} /KP | = (225 Iﬁ +22; I;Sf)/(xj Kfﬁ_l +22; Kﬁ$—1)

Table 1 shows that the aggregate investment rate is on average 9.63% per annum in the 1963
2020 sample, with a standard deviation of 1.27%. We start the sample in 1963 to ease comparison
with the Compustat sample that starts in 1963.7 The aggregate investment rate distribution is close

to normal, with tiny skewness and excess kurtosis. The investment rate moves within a relatively

narrow range from 6.6% to 12.1%, with a high serial correlation of 0.83 (Panel A of Figure 2).

The investment rate distribution already shows a skewness of 1.06 at the sector level and 1.61 at
the industry level. The histograms in Panels C and D of Figure 2 confirm the asymmetry. In partic-
ular, in the 19632020 sample all industry investment rates are positive. The minimum investment
rate is 0.22% for funds, trusts, and other financial vehicles in 2013. (The 1948-2020 sample has only

one negative investment rate, —0.08%, for transit and ground passenger transportation in 1958.)

The investment rate shows substantial inter-industry heterogeneity. The mean investment rate
varies from 2.5% for railroad transportation to 27% for information and data processing services,
whereas the standard deviation ranges from 0.8% for railroad transportation to 12.6% for securities,

commodity contracts, and investments. The standard deviation in pooled industry-years is 6.1%.
2.1.3 Plant-level Investment Rates

The only data source on capital stocks and investment flows at the plant level is the Longitudinal
Research Database (LRD) at the Center for Economics Studies at the Census Bureau. The LRD

is based on longitudinally linking the ASM establishment-level data.

Becker et al. (2006) highlight practical difficulties with the PIM at the plant level. First, avail-

able from 1972 onward, the ASM data are left-censored for businesses that exist in 1972. The ASM

"The aggregate, sector, and industry investment rates in the 1948-2020 BEA sample yield quantitatively similar
results, as detailed in Table S1 and Figure S1 in the Internet Appendix.



sample also rotates once every five years. Only large establishments are sampled with certainty
across panels. For small establishments, the data are left-censored in the first year of a 5-year
panel and right-censored in the fifth year. Because the first years of observations are not the first
years of operation, how to initialize the first capital stocks becomes an important issue. A common
approach is to use a plant’s first book value, with and without adjusting for its industry’s book
value-to-capital stock ratio from the BEA. Using the unadjusted book value implicitly assumes that
it equals the replacement cost, while using the adjusted book value induces measurement errors for

plants within the same industry but with different assets and vintages.®

Second, because the detailed assets data are not available at the plant level, plant-specific invest-
ment price deflators and depreciation rates are not available either. Consequently, using industry-
level price deflators and depreciation rates, while correcting for asset mix heterogeneity at the

industry level, induces measurement errors due to inter-plant heterogeneity within a given industry.

Building on Caballero, Engel, and Haltiwanger (1995), Cooper and Haltiwanger (2006) draw a
balanced panel with 7,000 large manufacturing plants in continuous operation in the 1972—1988 sam-
ple from up to 360,000 plants in the LRD. The sample ends in 1988 because the ASM stops collecting
data on capital retirements in 1987. Since 1987, the ASM only collects the book value in economic
census years (ending in 2 or 7). Investment is real gross expenditures minus real gross retirements of
capital equipment. The initial capital in 1972 is the book value deflated by the 2-digit SIC-industry
ratio of current-dollar book value to constant-dollar capital stock. Current-dollar investment is
converted to constant-dollar with 4-digit SIC-industry capital deflators from NBER-CES manufac-

turing industry database. Capital depreciates at the BEA’s 2-digit SIC-industry depreciation rates.

Cooper and Haltiwanger (2006) emphasize a “striking asymmetry between positive and nega-
tive investment” as the most important feature of the plant-level investment rate distribution (p.

614). The distribution is highly skewed to the right, with a fraction of 10.4% for observations with

8Initializing aggregate capital stocks is essentially a nonissue because the investment series are long. Data on
nonresidential structures date back to 1832-1889, and data on various equipment series to 1877-1917 (Hulten 1991).



negative investment rates (less than —1%), 8.1% for inactive investment rates (less than 1% in ab-
solute value), and 81.5% for positive investment rates (higher than 1%). Also, the investment rates
spike above 20% in 18.6% of the observations but fall below —20% in only 1.8% of the observations.
The serial correlation of the investment rates is low, only 5.8%. Despite a mean investment rate of

12.2%, the cross-sectional standard deviation is 33.7%, which indicates substantial heterogeneity.

While Cooper and Haltiwanger (2006) emphasize the asymmetry of the investment rate dis-
tribution, Doms and Dunne (1998) highlight its lumpiness. In the same 1972-1988 period, Doms
and Dunne draw a balanced panel of 13,702 manufacturing plants from the LRD. For each plant,
Doms and Dunne calculate a time series of the proportion of investment made in each year out of
the total investment in the entire sample. The largest investment episode accounts for on average
24.5% of a plant’s total investment, the second largest accounts for 14.7%, and the third largest

10.9%. As such, about one half of total investment is completed in just three years.

2.2 Firm-level Investment Rates in Compustat

We conduct a meta-analysis on firm-level investment rates in Compustat in the prior literature.”

2.2.1 A Giant Mess of 40 Investment Rates

We systematically search the articles published from 2000 onward at the top-five finance journals.
We record their investment rates, which are mostly based on Compustat. Outside of this scope, we
include three articles (Gilchrist and Himmelberg 1998; Gutierrez and Philippon 2017; Alexander
and Eberly 2018), each of which adds a unique investment rate measure. In total, we have identified

347 articles that contain 393 appearances of 40 different investment rates.'© Appendix A details

9Since 1993, the Census Bureau has been conducting ACES to collect firm-level data on capital stocks and
investment flows for both manufacturing and non-manufacturing firms. The annual data include the book value of
capital and retirements or sales of assets. Measuring current-cost capital stocks in ACES faces even more difficulties
than those in ASM. Because the data start in 1993, the left-censoring problem is more severe. In addition, the
sampling rotation in ACES is annual, meaning that the PIM is infeasible for many small firms. Although these two
problems are absent in Compustat, ACES covers more firms than just publicly traded companies. Alas, applications
of ACES in the finance literature seem scarce. We leave its exploration to future work.

10We focus on tangible investments but ignore intangible investments such as research and development. While
tangible investments forecast returns with a negative slope, intangible investments tend to forecast returns with a
positive slope (Hou et al. 2021). In addition, measuring intangible investments other than research and development at

10



the 40 variable definitions, and Table S2 in the Internet Appendix details the complete references.!!

Figure 3 reports the frequency distribution of the 40 investment rates in our dataset. The three
most popular measures are CAPX/AT (capital expenditure over total assets); CAPX/PPENT
(capital expenditure over net PPE); and dAT/AT (the growth of total assets), which account for
34.61%, 13.74%, and 12.72%, respectively, of the 393 total appearances. The fourth most popu-
lar measure is (IPPEGT+dINVT)/AT (the change in gross PPE plus change in total inventories,
scaled by total assets), which accounts for 5.34%. The top three measures add up to 61.07%. On

the other end of the spectrum, 14 measures have each appeared only once, and five measures twice.

Most studies work with gross investment. Hayashi and Inoue (1991) measure gross investment as
dPPENT+DP, which is change in net PPE plus accounting depreciation. However, the most popu-
lar gross investment is capital expenditure from the cash flow statement. Several studies work with
net investment such as change in net PPE, but the most popular net investment measure is change
in total assets, especially in asset pricing (Cooper, Gulen, and Schill 2008). However, besides in-
vestment in fixed capital, change in total assets includes investment in working capital such as cash,
account receivables, and inventories, which entail low, perhaps even no adjustment costs. Finally,

three popular choices of capital used to scale investment are net PPE, gross PPE, and total assets.

We obtain data on accounting variables from annual Standard and Poor’s Compustat industrial
files. We exclude financial firms (SIC codes between 6,000 and 6,999), firms with negative book
equity, and firm-years with nonpositive total assets, net PPE, or sales. In economic models period-¢
stock variables are typically measured at the beginning of time ¢, and period-t flow variables are
over period t. In Compustat, both stock and flow variables are recorded at the end of period ¢.

When working with annual data, for the year ¢ = 2002, for example, we take time-t stock variables

the firm level is mostly an open issue. As such, we opt not to sum up tangible and intangible investments per the BEA,
which lumps investments in intellectual property products together with investments in equipment and structures.
1 After completing a first pass of our meta-analysis, we come across Mitton (2022), who reviews several popular
variables, including investment, in empirical corporate finance within top-three finance journals in the 2000-2018 sam-
ple. We thank Todd Mitton for kindly sharing his data on 30 investment variables, which we use to cross-check with
our dataset. Among the 30 variables, two are scaled by replacement costs of capital (which we review in depth later
in Table 3), and 12 are either investment levels or investment scaled by sales. Only 16 variables are investment rates.

11



from the 2001 balance sheet and time-t flow variables from the 2002 income or cash flow statement.

As such, in calculating the investment rates, capital is 1-period-lagged relative to investment.

Table 2 shows the time series averages of cross-sectional moments for the 40 investment rates
in the 1963-2020 sample. As noted, Figure 1 highlights key information by plotting the mean
against standard deviation and the skewness against serial correlation across the 40 measures. The
mean investment rate varies wildly from 3.38% for (CAPX—DP)/AT (capital expenditure minus
depreciation, scaled by total assets) to 64.03% for (CAPXV+AQC)/PPENT (capital expenditure
on PPE plus acquisitions, scaled by net PPE). The standard deviation also ranges greatly from

7.13% for (CAPX—DP)/AT to 128.63% for (CAPXV+AQC)/PPENT.

The investment rate distributions are all asymmetric, with positive skewness. However, the
skewness varies substantially from 1.48 for dL.no/aveAT (change in long-term net operating assets
over average total assets) to 4.49 for (CAPXV+AQC)/PPENT (Panel B in Figure 1). The serial
correlation of investment rates also varies greatly from 0.14 for ANAT/NAT, which is growth in

nonfinancial assets (total assets minus current assets plus total inventories) to 0.66 for CAPX/AT.

The fraction of negative investment rates goes from 0.01% for CAPXV /AT to 30.47% for dP-
PENT/PPENT (the growth of net PPE), the fraction of inactive investment rates from 1.05% for
CAPXV/PPENT to 30.67% for (CAPX—DP)/AT, and the fraction of positive investment rates
from 52.39% for (CAPX—DP)/AT to 98.94% for CAPXV/PPENT. As such, the asymmetry is
mostly robust across all 40 measures. The high fraction of negative investment rates of, for ex-
ample, asset growth (dAT/AT), 25.9%, is not comparable with the Cooper-Haltiwanger (2006)
plant-level evidence. Asset growth is net investment that does not add back depreciation. Also,

AT includes working capital, such as cash, which entails virtually zero downward adjustment costs.

The pairwise correlations among the 40 investment rates vary greatly (Table S3 in the In-
ternet Appendix). The Pearson correlation ranges from 0.18 between dBe/Be (the growth

of book equity) and CAPX/(PPENT—CAPX+DP) to 0.988 between CAPXV/PPENT and

12



(CAPXV—SPPE)/PPENT (CAPXV minus sales of PPE, scaled by net PPE), with a mean
of 0.56. The Spearman correlation varies from 0.23 between CAPX/(AT—CHE) (CAPX
scaled by noncash assets, item AT minus cash and cash equivalents) and dBe/Be to 0.987
between (CAPX—SPPE)/avePPENT (CAPX minus SPPE, scaled by average net PPE) and
(CAPX—SPPE)/PPENT, with a mean of 0.61. The wide variety of investment rates, often with

low pairwise correlations, indicates a dire need of more accurate measurement.
2.2.2 An Essential Tension

Within the confine of financial accounting in Compustat, Tang’s (2009) investment rate measure
appears to be the most conceptually accurate. The historical-cost capital, denoted KZI;I , is net
PPE (Compustat annual item PPENT), or if not available, gross PPE (item PPEGT) minus accu-
mulated depreciation (item DPACT). Accounting depreciation is the amount of depreciation and
amortization (item DP) minus the amortization of intangibles (item AM, zero if missing).'? The

accounting depreciation rate, 551 , is the depreciation scaled by lagged net PPE.

The historical-cost investment, I}, is K}1, — (1 — SHYKI (change in net PPE plus accounting

depreciation) (Hayashi and Inoue 1991), and is arguably the best measure of firm-level investment
in Compustat (Section 3.1). The gross investment rate, I{t{ /Kf , is the net investment rate,
(K, — KiH/KH, plus 6%, An advantage of this gross investment rate is that the capital

(2

accumulation equation, K, | = Il +(1— SIKH | is automatically satisfied over time for all firms.

In financial accounting, gross PPE is the accumulated historical cost of investments, and net
PPE is gross PPE minus accumulated depreciation. Net PPE is part of a firm’s total assets, but
gross PPE is not, because the accumulated depreciation is not part of the existing assets. Using

K, =17+(1- SHYKJ to recursively substitute K77

18

for s =0,1,...,t—1, in which year 0 is the

year when firm i first records fixed assets, yields K = (ng + 5l > — S L SHKH in which

s=0 "is s=0"is 15

KH 170 I is the accumulated historical cost of investments (gross PPE), and 3.'—{ 62 K is

12Because item DP includes depreciation of tangible assets and amortization of intangibles per Compustat manual,
we subtract item AM from item DP. We set missing AM to zero because it has no coverage before June 1969.
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the accumulated depreciation. Clearly, K is net PPE (Goncalves, Xue, and Zhang 2020).

However, if net PPE is more appropriate, at least conceptually, than gross PPE in measuring
historical-cost capital, why do many studies use gross PPE instead? The tension originates from
accounting depreciation rates, which are on average higher than the BEA’s economic depreciation
rates. Consequently, net PPE tends to be much lower than its economic value. The mean invest-
ment rate scaled by net PPE tends to be much higher than the BEA estimate, which seems more

plausible to many. Scaling by gross PPE in investment rates mitigates this discrepancy.'?
2.3 Open Challenge: Integrating Economic with Financial Accounting

A full resolution to the essential tension is to construct firm-specific current-cost capital stocks
with economic depreciation rates via the PIM (and to scale investment flows with current-cost
capital stocks). To gauge where the prior literature stands on this challenge, we identify 33 studies
that apply the PIM to construct firm-specific capital stocks. Only ten out of the 33 are published
from 2000 onward in the top-five finance journals. Table 3 summarizes the basic elements of their
methods, while leaving technical details to the 33 original studies. Several insights emerge from

this meta-analysis. Overall, despite their efforts, the essential tension has largely persisted.

First, most prior studies implement the PIM on relatively small samples that consist mostly of
manufacturing firms. Salinger and Summers (1983) use 30 Dow Jones companies. Whited (1992)
draws 325 manufacturing firms in Compustat. Barnett and Sakellaris (1998) draw a sample of
manufacturing firms from Hall (1990) from 1960 to 1987 with about 23,200 firm-years (averaging
about 829 firms per year).!* Abel and Eberly (2001) construct a sample about 12,000 firm-years
from 1974 to 1993 (averaging 600 firms per year) in Compustat. Eberly, Rebelo, and Vincent (2012)

draw a balanced panel of 776 firms that are in the top quartile of capital stocks in 1981.

Second, prior studies use a diverse set of investment flows, with no clear consensus. The most

13Tn our 1963-2020 working sample with available current-cost investment rates (Table 7), the PPENT/PPEGT
ratio is on average 0.56, which is identical to its median. Its 5th percentile is 0.29, and the 95th percentile 0.84.

'Barnett and Sakellaris (1998) do not describe how capital is measured. We verify via private emails that their
paper uses Hall’s (1990) inflation-adjusted net PPE as capital.
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popular measure seems to be capital expenditure (Whited 1992), but several studies also take into
account sales of PPE (Abel and Eberly 2001; Bloom 2009). Although our benchmark measure
(change in net PPE plus accounting depreciation) first appears in Hayashi and Inoue (1991) and

subsequently in Lewellen and Badrinath (1997) and Tang (2009), its usage is by no means standard.

Third, to convert current dollar to constant dollar for capital and investment, most prior studies
use a single, aggregate-level series, which is typically the implicit price deflator for fixed nonresi-
dential investment. Among a few exceptions, Hayashi and Inoue (1991) exploit the availability of
detailed firm-asset data in Japan and form price deflators per asset type from different components
of Wholesale Price Index from the Bank of Japan. Unfortunately, detailed firm-asset data are
not available in Compustat. Bloom (2009) uses industry-level investment price deflators from the

NBER-CES database, but it covers only manufacturing industries.

Fourth, many prior studies estimate economic depreciation rates with the Salinger-Summers
(1983) double declining-balance method. Firm 4’s economic depreciation rate, J;, is firm-specific
but constant over time, with ¢; estimated to be 2/L;, in which L; is the firm’s average useful life
of assets (the time series average of the gross PPE-to-depreciation ratio). Several studies attempt
to mitigate firm-specific noise by implementing the Salinger-Summers method at the SIC indus-
try level (Eberly, Rebelo, and Vincent 2012). However, as noted, BEA (2003, Table C) estimates
the declining-balance rate to be significantly lower than two. In particular, the average declining-

balance rate for equipment is 1.65 and that for private nonresidential structures is 0.91 (p. M-29).

To initialize capital stocks, the most popular approach is to use the first available net PPE. Gross
PPE is also often used. Net PPE only works when the firm’s assets are relatively new, meaning that
their historical costs are close to current costs. This approach also ignores the differences between
accounting and economic depreciation. Some studies adjust the first net PPE with the industry-
level current-to-historical-cost capital ratio. This procedure assumes that the same ratio applies to

all firms within an industry in a given year. Also, the BEA constructs historical-cost capital with
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geometric, not straight-line, depreciation. Finally, while Compustat contains only publicly traded

firms, the BEA samples from virtually all establishments, most of which belong to private firms.

3 Economic Accounting for Firm-Level Investment Rates

Our main data work is to construct the current-cost capital stock, denoted Kft, for the entire
Compustat universe. The quantity of capital stock, denoted K, is K 2 scaled by the capital price

deflator that is applicable to firm 4, denoted Pf . The quantity of capital stock accumulates as:
Kity1 = (1 — 05) Kyt + Lt (1)

in which d;; is the economic depreciation rate, and [I;; is the quantity of investment.

Let I i denote the current-cost investment. The current cost and quantity are related via I;; =
I i / Pé, in which Pzé is the investment price deflator. The capital and investment price deflators are
not identical in the BEA data, i.e., PX # PL (Section 3.2). Intuitively, their underlying asset com-
positions differ, and relative asset prices change over time. Investment tends to include newer types
of assets than existing capital stock. Accordingly, the prices of capital and investment inflate at
different rates. Another difference is the timing of measurement. The capital price deflator is mea-

sured at the end of a given period, but the investment price deflator is in the middle of the period.

Rewriting equation (1) in terms of current-cost capital and investment yields:

K§ ., KS I8 g KS I8
—= = (1= di) o + 2+ = K= | (1=6u) 5k + 24 ) PRy, (2)
P Py B o LA

in which (1 — 5Zt)K;$t/Pfo + Ii/Pii is the next-period quantity of capital, K;;.1, to be inflated with

P, to obtain the current cost, K. § ... To iterate on equation (2), we need to measure: (i) current-

it+1
cost investment flows, Iﬁ; (ii) capital and investment price deflators, Pf and Pé, (iii) economic

depreciation rates, d;;; and (iv) the initial value of current-cost capital stock, KZ-$0, to start the

iteration. In what follows, we detail our procedures for measuring these components.
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3.1 Investment Flows

We measure the current-cost investment, IS, as the historical-cost investment, IH which is the

it)

change in net PPE plus accounting depreciation. In what follows, we explain why this IZ% measure

is probably the best option given a myriad of data limitations in Compustat.

Expanding on Hayashi and Inoue (1991), we detail different investment flows. Let PPEGTY,
PPENT,;, and DPACT} be the gross PPE, net PPE, and accumulated depreciation at the beginning
of year t, respectively; DP; be the accounting depreciation during year ¢; ACQ,; be the gross book
value of fixed assets acquired during year t; ACDACQ), be the accumulated depreciation of acquired
fixed assets; NACQ, = ACQ, —ACDACQ);, be the net book value of acquired fixed assets; SR; be the
gross book value of fixed assets disposed during year t; ACDSR; be the accumulated depreciation

for disposed fixed assets; and NSR; = SRy — ACDSR; be the net book value of disposed fixed assets.

In addition to capital expenditure, firms also acquire assets via mergers and acquisitions (M&A).
For mergers recorded with the pooling-of-interests method, balance sheet items are directly com-
bined. In such cases, ACQ, includes the accumulated depreciation from the target. Based on the
Compustat data on acquisition method (item ACQMETH), 9.71% of M&As involve the pooling-of-
interests method. Because ACQ, can include accumulated depreciation, we need to keep track of

ACDACQ, as accumulated depreciation and NACQ, as net book value of acquired fixed assets.'®

Accounting identities yield: (i) net PPE equals gross PPE minus accumulated depreciation:

PPENT, = PPEGT, — DPACT}; (3)

5In Compustat, item ACQMETH (acquisition method) is available from June 1974 onward. For firms that have
had a common stock traded on NYSE, Amex, or Nasdaq, the distribution of acquisition methods is as follows: 89.17%
purchase method (code ‘AP’); 7.19% pooling-of-interests method (code ‘AT’); 2.45% a combination of purchase method
and pooling-of-interests method (code ‘AE’); 1.03% reverse purchase method (code ‘RP’); 0.10% a combination of
reverse purchase method and purchase method (code ‘RU’); 0.06% a combination of reverse purchase method and
pooling-of-interests method (code ‘RO’); and 0.01% a combination of all three methods (code ‘RW’). In total, 9.71%
of all observations involve the pooling-of-interests method. The Financial Accounting Standards Board (FASB) is-
sues Statement No. 141 in 2001 to end the usage of the pooling-of-interests method. In Compustat, M&As via the
pooling-of-interests method (or a combination that involves its use) largely stop in 2001. However, there still exist a
few observations afterward, including 23 occurrences of ‘Al’ in as late as 2017, 15 ‘AE’ in 2018, and 17 ‘RO’ in 2019.
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(ii) the next-period gross PPE equals the current-period gross PPE plus the gross book value of

acquired fixed assets, ACQ,, net of the gross value of disposed fixed assets during year t, SR;:

PPEGT;,1 = PPEGT, + ACQ, — SRy; (4)

and (iii) the next-period accumulated depreciation (a stock variable) equals its current-period value
plus current depreciation expense (a flow variable), plus the accumulated depreciation of acquired

fixed assets, ACDACQ,, net of the accumulated depreciation for disposed fixed assets, ACDSRy:

DPACT,;; = DPACT, + DP; + ACDACQ, — ACDSR,. (5)

In terms of historical-cost accounting data, investment flows can be measured equivalently as:

I = PPENT,., — PPENT, + DP, (6)
= PPEGT,., — PPEGT, — (DPACT,,; — DPACT,) + DP, (7)
= PPEGT,.; — PPEGT, — ACDACQ, + ACDSR; (8)
= (ACQ, — ACDACQ,) — (SR; — ACDSRy) (9)
= NACQ, — NSRy, (10)

in which equation (7) follows from equation (3), (8) from (5), and (9) from (4). As noted, we
measure the historical-cost investment, IZ-It{ , as the change in net PPE plus accounting depreciation

per equation (6). Both items PPENT and DP have broad coverage in Compustat.

From equation (8), IZ-I;I as the change in gross PPE, while ignoring ACDACQ and ACDSR, can
be problematic. In pooling-of-interests mergers, ACDACQ can be substantial, if the target has a
lot of accumulated depreciation. For disposed assets that are near the end of their service lives, the
accumulated depreciation of disposed assets, ACDSR, can be close to the original costs, SR. Alas,
ACDACQ and ACDSR are not covered by Compustat. In our 1963-2020 sample, the change in

gross PPE has a slightly lower coverage of 169,501 firm-years versus 169,862 firm-years for Ig per
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equation (6). More important, the time-series average of the median difference scaled by absolute I

is —17.2%. As such, the change in gross PPE underestimates investment by a substantial amount.

Measuring investment, IZ-It{ , as NACQ minus NSR per equation (10) is not feasible. First,
NACQ includes acquired fixed assets via not only capital expenditures but also M&As. However,
for M&As, Compustat only provides the cash payment for a target (item AQC). A breakdown
across different assets, especially PPE, is not available. Acquired PPE (item ACQPPE) is available

from 2011 onward only for a very limited sample of several hundred firms.

Second, NSR includes disposed fixed assets via both sales and retirement. Neither is well covered
by Compustat. For asset sales, item SPPE measures only the proceeds received, not the net book
value of disposed assets. To fill the gap, one needs the gain or loss from asset sales, but no good
data are available. In Compustat, sale of property, plant and equipment and investments—(gain)
loss (item SPPIV) is available only from 1987 onward. Gain (loss) on sale of property (item SRET)

is virtually unavailable. The retirement of PPE (item PPEVR) is available only from 1969 to 1994.

We assume the current-cost investment, I°, equals the historical-cost investment, Ig . For

it
acquired assets, their historical costs are close to their current costs. Assets acquired via capital
expenditures are recorded at the current costs. Except for the pooling-of-interests mergers (footnote
15), assets acquired via M&As are recorded at the fair values (current costs). For disposed assets,
their historical costs are typically not equal to their current costs. One possible proxy for the current
costs is the sales of PPE (item SPPE) from the statement of cash flows. However, item SPPE
ignores asset-for-equity and asset-for-debt sales (Slovin, Sushka, and Polonchek 2005) and other
disposition methods, such as exchanges of nonmonetary assets, involuntary conversion (fire, flood,
theft, and condemnation), and retirement (Kieso, Weygandt, and Warfield 2019, chapter 10). Other

possibilities include spin-offs and changes in consolidation status (when a subsidiary is no longer

consolidated). As such, item SPPE underestimates the frequency and magnitude of disinvestment.

However, our investment measure per equation (6) likely overstates the frequency and amount
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of disinvestment. Net PPE can decrease not only from capital retirements and sales of PPE but also
from restructuring charges, impairment losses, and foreign currency translations, all of which do
not involve actual disinvestment (Wahlen, Baginski, and Bradshaw 2018, chapter 8). In particular,
U.S. Generally Accepted Accounting Principles require that the values of long-lived assets must
be reevaluated periodically for impairment and written down in the presence of impairment losses.

However, asset values are not allowed to adjust upward in reevaluation via write-ups.

Finally, because historical- and current-cost investment flows are identical and their capital
stocks are both positive, the fractions of negative investment rates, with 0% as the cutoff, should
be identical across historical- and current-cost measures. The fractions differ slightly with —1% as

the cutoff for negative investment rates because capital stocks in the denominator differ.
3.2 Capital and Investment Price Deflators

Ideally, if data were available on detailed asset types and their amounts that a firm employs in
any period, we could combine this information with asset-specific price deflators and economic
depreciation rates to construct firm-level capital and investment price deflators and depreciation
rates. Alas, the firm-level information on detailed assets is not available. To deal with this data
challenge, we construct industry-specific price deflators and depreciation rates based on the BEA
data and assign them to all the firms within a given industry. The implicit assumption is that firms
within the same industry have the same asset composition. Although far from perfect, we view this

procedure as arguably the best option in the presence of the data limitations.
3.2.1 Assigning Firms to BEA’s NAICS Industries

The BEA provides fixed assets data for 63 private industries in 20 sectors based on NAICS. To as-
sign a firm in Compustat to an industry or a sector in BEA in a given fiscal year, we use its historical
NAICS code (item NAICSH). We drop firms that have ever been classified as non-private and dis-

card firm-years with unclassified NAICS codes. The coverage of item NAICSH starts in June 1985.
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Prior to June 1985, firm-level NAICS codes are not available. Accordingly, we need to use SIC
codes to make industry assignments indirectly. Because historical SIC codes are not available in
Compustat until June 1987, we obtain SIC codes from CRSP (item SICCD) at a firm’s fiscal year
end. We convert SIC codes into NAICS codes using the 1987 SIC to 1997 NAICS concordance
table from the U.S. Census Bureau. We drop firms that have ever been classified as non-private

and discard firm-years with unclassified or missing SIC codes.

Because the mapping between SIC and NAICS is not one-to-one, one SIC code can be assigned
to multiple BEA industries. To deal with this issue, we aggregate the fixed assets data for the
assigned industries before computing industry-specific price deflators and economic depreciation
rates. In the 1950-2020 sample, our mapping procedure produces a unique industry classification
for 91.76% of all firm-years (74.02% before June 1985 and 99.98% afterwards). The classification
remains constant over time for 70.92% of firms and changes only once for 19%, twice for 5.95%, and

three or more times for 4.12% of firms. Appendix B details our firm-industry mapping procedure.
3.2.2 Industry-specific Capital and Investment Price Deflators

From the detailed tables for 63 private industries from BEA’s fixed assets accounts, we obtain: (i)

current-cost (current-dollar) capital stocks in private non-residential equipment, K ff, and struc-

ture, K8

&t » by industry, annual, 1947-2020; (ii) fixed-cost (constant-dollar) capital stocks in private

non-residential equipment, K j‘i, and structure, K ﬁ, by industry, annual, 1947-2020; (iii) current-
[5$

s, IS$

cost investments in private non-residential equipment, and structure, St

by industry, annual,
1947-2020; and (iv) fixed-cost investments in private non-residential equipment, I jgt, and structure,

I ﬁ, by industry, annual, 1947-2020. We calculate industry j’s capital and investment price deflators

as Pft{ = (Kﬁ$ + Kﬁ%/([(ﬁ + K]St) and Pth = (Iﬁ$ + Iﬁ%/([ﬁ + I]‘f’;), respectively.'6

As suggested by the BEA staff, we use the detailed tables (not the standard tables). First, the

16The fixed-cost data are measured in mid-year 2012 dollars. Because current-cost investments are also in mid-year
dollars, the investment price deflator equals one in 2012. However, because current-cost capital stocks are measured
in end-of-year dollars, the 2012 capital price deflator differs slightly from one.
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numbers from the standard tables are rounded to $0.1 billion. Such large rounding errors make price
deflators imprecise for small industries in early years. In contrast, the numbers from the detailed ta-
bles are rounded to $1 million. Second, the detailed tables provide both fixed-cost and current-cost
data that can be used to back out the price deflators. The standard tables provide chain-type quan-

tity indexes but not the fixed-cost data. Finally, the standard tables include residential fixed assets.

When calculating the investment price deflator, we require the current-cost and fixed-cost in-
vestments to be both above $10 million. (The current-cost and fixed-cost capital stocks are always
above $10 million.) First, current-cost investments can be very small for some industries in early
years. The price deflators can be imprecise, as the data are rounded to $1 million. Second, invest-
ments are occasionally negative, yielding unreliable price deflators. The current-cost and fixed-cost
investments can even have oppositive signs (due to changing relative prices). The resulting price
deflators would be negative.!” Finally, because not all firms can be assigned to a BEA industry (and
industry-specific price deflators can be missing), we also construct sector-level price deflators. We
aggregate investments and capital stocks for the industries within each of the 20 sectors and recom-
pute the sector-level price deflators. Because sector-level investments and capital stocks are much

larger, we do not need to impose the $10 million minimum when computing the price deflators.

In the current-cost capital accumulation equation (2), price adjustment appears via the growth
rate of capital price deflators, Plﬁl / Pf , and the ratio of capital-to-investment price deflators,
Pl | /PL. Accordingly, we report the moments of (net) growth rates, P, /PX —1, in Table 4 and
the moments of P, /P} in Table 5 based on the BEA data. From Table 4, the aggregate inflation
rate of capital goods in the 1963-2020 sample is on average 4.14% per annum, with a standard
deviation of 3.4% and a serial correlation of 0.66. Across the 20 sectors, the inflation rate varies

from 2.55% for information to 5.9% for mining. Across the 63 industries, the inflation rate ranges

17One such instance occurs in industry “Transit and ground passenger transportation” in 1947. During this year,
the industry has a positive investment of $202 million in structure but a negative investment of $194 million in
equipment, giving rise to a total current-cost investment of $8 million. However, equipment has experienced higher
inflation rates than structure from 1947 to 2012. Consequently, in 2012 dollars the amount of investment in structure
($1,953 million) becomes smaller than the amount of disinvestment in equipment ($2,592 million), giving rise to a
total fixed-cost investment of —$639 mllion. The resulting price deflator then has a negative value of —0.0125.
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from 2.36% for broadcasting and telecommunications to 6.15% for oil and gas extractio