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Abstract

Using the new Bureau of Economic Analysis (BEA) Integrated Macroeconomic Accounts as
well as other BEA data, we construct productivity accounts for two key sectors of the US
economy: the Corporate Nonfinancial Sector (Sector 1) and the Noncorporate Nonfinancial
Sector (Sector 2). Calculating user costs of capital based on, alternatively, ex post and
predicted asset price inflation rates, we provide alternative estimates for capital services and
Total Factor Productivity growth for the two sectors. Rates of return on assets employed are
also reported for both sectors. In addition, we compare rates of return on assets employed and
TFP growth rates when the land and inventory components are withdrawn from the asset base.
Finally, implications for labour and capital shares from using alternative income concepts are
explored.
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1. Introduction

The US Bureau of Economic Analysis (BEA), in conjunction with the Bureau of Labor
Statistics (BLS) and the Board of Governors of the Federal Reserve, have developed a new set
of production accounts, the Integrated Macroeconomic Accounts, for two major private
sectors of the US economy: the Corporate Nonfinancial Sector (which we will call Sector 1)
and the Noncorporate Nonfinancial Sector (which we will call Sector 2). For both sectors we
work out the rate of return on assets employed back to 1960 and compute estimates of Total
Factor Productivity (TFP) growth. In addition to comparing results across the sectors, we are
particularly interested in determining whether rates of return and TFP growth have declined in
recent years compared to the long run trends.

Another contribution is to document what can happen to user costs when ex post asset
inflation rates are used in the user cost formula. Dale Jorgenson and his coworkers have
advocated the use of ex post inflation rates in a user cost formula and so we call the resulting
user costs “Jorgensonian”. We show that for many assets, Jorgensonian user costs can be
quite volatile and even negative at times which means that they cannot be used in many
contexts. We advocate the use of predicted asset inflation rates in the user cost formula and
we suggest a very simple moving average method for forming these predicted asset inflation
rates, which we implement and compare with their Jorgensonian counterparts. We use
Jorgensonian and predicted user costs to construct alternative measures of capital services and
TFP growth for our two sectors of the US economy and, somewhat surprisingly, we find that
there was little difference in the resulting trend measures of TFP growth, even though there
are very large differences in the two sets of user costs.

An additional contribution is the examination of what happens to ex post rates of return on
assets employed and on TFP growth as we withdraw assets from the asset base. This research
has relevance for existing estimates of rates of return and TFP growth since many
productivity studies exclude land and inventories from their asset base. We find that
excluding these assets leads to exaggerated estimated rates of return on the remaining assets
(as could be expected) but the effects on estimates of TFP growth are more variable. For our
Sector 1, we found that excluding land and inventories had little effect on measured TFP
growth but in Sector 2, the exclusion of land dramatically lowered measured TFP growth.

Finally, we use our data set to provide evidence on the debate regarding growing inequality
due to a falling labour share in income. We find that moving from value added shares to
(Hayekian) income shares provides stronger evidence of falling labour shares, indicative of
growing inequality, for both our sectors.

Our accounting framework is laid out in the following section and the empirical results for the
above measurement exercises follow in the subsequent sections.?

> The Appendix in Diewert and Fox (2016) explains in detail how we used the Integrated Macroeconomic
Accounts to construct our data set for the two sectors of the US economy.
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2. The Accounting Framework, User Costs and Rates of Return on Assets

Following Jorgenson and Griliches (1967), the Total Factor Productivity growth of a firm or
industry of a sector is generally measured as an output index divided by an input index. The
basic ingredients that go into an index number formula are two price vectors and two quantity
vectors that list the output quantities and their prices (or the input quantities and their prices)
produced or used for the production unit for the two observations being compared. Compiling
prices and quantities for outputs and nondurable inputs for each period or observation is
generally straightforward, but determining the flow price for a durable input is not
straightforward. In order to accomplish the latter task, we will use a model of production that
is due to the economist Hicks (1961) and the accountants Edwards and Bell (1961).% In each
accounting period, the business unit combines the capital stocks and goods in process that it
has inherited from the previous period with “flow” inputs purchased in the current period
(such as labour, materials, services and additional durable inputs) to produce current period
“flow” outputs as well as end of the period depreciated capital stock and inventory
components which are regarded as outputs from the perspective of the current period (but will
be regarded as inputs from the perspective of the next period). The model could be viewed as
an Austrian model of production in honour of the Austrian economist Béhm-Bawerk (1891)
who viewed production as an activity which used raw materials and labour to further process
partly finished goods into finally demanded goods.® The beauty of this model is that a
complex intertemporal production model with many periods can be reduced to a sequence of
single period models.

Using this one period framework, we can now explain how user costs arise. Consider a
production unit which produces quantities qo of a single output, uses @, units of an
intermediate input, uses g, units of labour services during say period t and purchases gk units
of a capital stock at the beginning of the period. After using the services of the capital input
during period t, the production unit will have qx" units of used (depreciated) capital on hand
at the end of period t. We suppose that the production unit faces the positive prices Po', P},
P." for its output and variable inputs during period t and it faces the beginning of period t
price for units of the capital input equal to Px' and the price Pk for (used) units of the
depreciated capital good at the end of period t. Finally, we assume that the production unit has
a one period financial opportunity cost of capital at the beginning of period t (i.e., a beginning
of the period nominal interest rate) equal to r'. We also assume that the period t production
possibilities set for this production unit is the set S'. Using all of these assumptions, the
production unit’s (competitive) one period profit maximization problem is the following
constrained optimization problem:

(1)  max {Po'qo—Pi'qi— Pl — P'gr + (1+r) Pk (00,9101, 0k,x") €S}

Go 1Ay .Gk dk

Note that (1) assumes that all outputs and all variable inputs are paid for at the beginning of
period t, as is the payment for the initial capital stock, which is an input. The depreciated

® This model can be traced back in part to Walras (1954; 267-269) and Bohm-Bawerk (1891; 342) and more
explicitly to von Neumann (1945; 2).
* For more on this Austrian model of production and additional references to the literature, see Diewert (1977;
108-111) (1980; 473) (2010) (2014).
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capital stock gx" is an output that is “produced” at the end of period t and its end of period t
market value, Pc"™*gx", is discounted by (1+r") to account for the opportunity cost of tying up
financial capital in the asset over period t.

We make some additional assumptions at this point in order to further simplify the
constrained optimization problem defined by (1). First we assume that the capital input
depreciates at the constant geometric rate 6 per period. The geometric model of depreciation
has been advocated by Jorgenson (1989) and his coworkers and it is currently used by the
BEA to construct US business sector capital stocks. The geometric model of depreciation
implies that the depreciated quantity of end of period capital, qx“, is related to the
corresponding beginning of the period capital stock, gk, by the following equation:®

(2) k" = (1-3)ak

where § is the geometric rate of depreciation and satisfies the inequalities 0 < & < 1. Let Px™*
be the end of period t price of a unit of the capital stock that has the same quality as the
beginning of the period unit of the capital stock. Define the constant quality asset inflation
rate over period t, i', by the following equation:

(3) 1+ i'= PP

Thus i' is the constant quality inflation rate for the capital stock component from the

beginning of period t to the end of period t. We assume that the anticipated end of period t

price for the used beginning of the period capital stock is equal to tlhe end of period price for a
t+1lu _

constant quality unit of the capital stock, i.e., we assume that Pc"™ = Pc"** and thus we have
the following equation:

(4) P = (L+i)PK

Our final additional assumption is that all revenues and variable input costs are received and
paid for at the end of period t instead of the beginning of period t. With these changes, the
producer’s constrained optimization problem becomes:

5) max {1+ [Po'go— Pi'ay — PLige + (1+i)(1-8)Px'gk] — Px'dk: (do,0i,dL,dx) S’ }-

9o, dL .9k

The terms involving gk (the beginning of the period capital stock) in the objective function of
(5) simplify to —fc' = — (L+r)'[1+r" — (1+i")(1-8)]Pk". Thus f' is the discounted to the
beginning of period t user cost of capital using the geometric model of depreciation.®
However, instead of discounting end of period cash flows to the beginning of period t, we

> The assumption of equation (2) allows us to replace the initial production possibilities set S' with a new set S"
which is the feasible set of (qo',d1,q,0x)-

® This simple discrete time derivation of a user cost (as the net cost of purchasing the durable good at the
beginning of the period and selling the depreciated good at an interest rate discounted price at the end of the
accounting period) was developed by Diewert (1974; 504), (1980; 472-473), (1992; 194). Simplified user cost
formulae (the relationship between the rental price of a durable input to its stock price) date back to Babbage
(1835; 287) and to Walras (1954; 268-269). The original version of Walras in French was published in 1874.
The early industrial engineer, Church (1901; 907-909) also developed a simplified user cost formula.
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could anti-discount or appreciate beginning of the period cash flows to the end of period t.”
This can be accomplished by multiplying the objective function in (5) by (1+r'). If we do this,
we obtain the following one period profit maximization problem:

6) max {[Po'do—Pi'ai—PL'qL — uk'dk : (do,a1,9L.0k)€S"}

Go.d1 9L .9k
where the end of period user cost of capital uk' is defined as follows:
(7) uk' = [1+r' — (1+i)(1-8)]Pk" = [r' — i + (1+i)8]PK".

This formula for the user cost of capital was obtained by Christensen and Jorgenson (1969;
302) for the geometric model of depreciation. It plays a fundamental role in our analysis.®

There are two versions of the user cost formula uk' defined by (7) that we will use in this
paper: (i) An ex post version that uses the actual beginning and end of period constant quality
asset prices, Px' and Pc™?, in order to define the asset inflation rate as i‘ = (P«"*/Px’) — 1; and
(if) an ex ante version that uses the actual beginning of period t constant quality asset price,
Px', and an anticipated price for the asset at the end of period t, Px"", in order to define an
anticipated asset inflation rate as i = (P«"*"/Px’) — 1.

Jorgenson (1995) (1996) and his coworkers® have endorsed the use of ex post user costs,
arguing that producers can perfectly anticipate future asset prices, and so we refer to the user
costs defined by (7) when ex post asset inflation rates are used in the formula as Jorgensonian
user costs. On the other hand, Diewert (1980; 476) (2005a; 492-493) and Hill and Hill (2003)
endorsed the ex ante version for most purposes, since these ex ante user costs will tend to be
smoother than their ex post counterparts and they will generally be closer to a rental or leasing
price for the asset.”® We will use our sectoral data on the US corporate and noncorporate
financial sector to compute capital services aggregates and the resulting rates of TFP growth
using both Jorgensonian and smoothed user costs that use predicted asset inflation rates.

7 Assuming that all of the flow transactions within the accounting period are realized at the end of each period is
consistent with traditional accounting treatments of assets at the beginning and end of the accounting period and
the cash flows that occur during the period; see Peasnell (1981; 56). The idea of anti-discounting to the end of
the period to form end of period user costs ux' (as opposed to the usual discounted to the beginning of period
user costs fx') was explicitly suggested by Diewert (2005; 485). Anti-discounting is implicit in the derivation of
the user cost of an asset using the geometric model of depreciation that was made by Christensen and Jorgenson
(1969; 302).

¥ We have ignored tax complications in deriving (6). Any specific capital taxes (such as property taxes on real
estate assets) should be added to the user cost formula for the relevant assets. In our empirical work, we were not
able to obtain a breakdown of property taxes into land and structure components and so property tax rates are
missing in our user costs that we construct in the following sections of this study. Business income taxes that fall
on the gross return to the asset base can be absorbed into the cost of capital, r', so that r' can be interpreted as the
before income tax gross return to the asset base used by the production unit. For material on the construction of
user costs for more complex systems of business income taxation, see Diewert (1992) and Jorgenson (1996).

® See in particular Jorgenson and Griliches (1967) (1972) and Christensen and Jorgenson (1969).

19 Of course, the problem with using ex ante user costs is that there are many methods that could be used to
predict asset inflation rates and these different methods could generate very different user costs. For empirical
evidence on this point, see Harper, Berndt and Wood (1989), Diewert (2005a) and Schreyer (2012).
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We now discuss the issues surrounding the choice for the cost of capital, I, in the user cost
formula. There are many methods for choosing r' that have been suggested in the literature but
the methods break down into two classes: those that choose exogenous estimates for r* and
those that choose r' endogenously as the rate of return which will just make the value of inputs
used during the period (including capital services) equal to the value of outputs produced
duringllthe accounting period. We will use endogenous estimates for the cost of capital in this
study.

In order to explain how the cost of capital is determined endogenously, we need to consider
the case where the production unit uses N types of capital. Let Pk,' and Px.""' be the
beginning and end of period t prices for a new asset of type n, let 0 < 8, < 1 be the associated
geometric depreciation rate, let i,' = (Pxn""/Pkn’) — 1 be the associated period t ex post asset n
inflation rate over period t and let r' be the endogenously determined period t ex post rate of
return on the asset base for the production unit. The ex post end of period t user cost for asset
n is defined as:

(8) Ukn' = [1+r' — (1+in)(1-81)]Pkn’ = [r' = in' + (1+in)3n]Pkn’; n=1,.,N.

The period t technology set for the production unit is now the set of feasible production
vectors (go,q1,qL,0k1,0ke,-...dkn) that belong to a period t production possibilities set S". Let
0Jo,ai,q." denote the period t output produced, intermediate input used and labour used for the
production unit and let (qk:',0k2',....0xn') denote the vector of beginning of period t capital
stocks used by the production unit during the period. The ex post rate of return on the period t
asset base, r', is defined as the solution to the following (linear) equation which sets the value
of period t outputs equal to the value of period t inputs where capital inputs are valued at their
ex post user costs:

(9) 0= Potqo‘— |3|tC||t - |:)|_tht - anlN UKntCIKnt
= Po'go'— Pi'grt — PLgL = Znaa™ [1+r' = (1+in)(1-81) 1Pk Gk -

The ex post cost of capital method for determining the opportunity cost of capital that is based
on solving equation (9) for r' is due to Jorgenson and Griliches (1967) (1972) and Christensen
and Jorgenson (1969). This method has been used frequently in the regulatory context. The
method can be applied to both a single enterprise as well as to the economy as a whole.
National statistical agencies that have programs that measure the productivity of market sector
industries generally use this method.'? From a national income accounting perspective, this
method has the great advantage for statistical agencies that it preserves the structure of the
System of National Accounts 1993 (SNA 1993); i.e., the resulting user cost values just sum to
the Gross Operating Surplus that was already in SNA 1993. Thus this method can be viewed
as a straightforward elaboration of the present system of accounts which does not change its

1 The problem with the exogenous method is that it is difficult to determine exactly the appropriate external cost
of financial capital. In particular, it is difficult to estimate the risk premium that is associated with investing in a
production unit that generates variable ex post rates of return on its asset base over time. Nevertheless, the
exogenous method is probably the preferred method from a theoretical point of view. These issues are discussed
more fully in Schreyer, Diewert and Harrison (2005) and Schreyer (2009) (2012).

12 The Bureau of Labor Statistics in the U.S. was the first to introduce an official program to measure Multifactor
Productivity or Total Factor Productivity in 1983; see Dean and Harper (2001). Other countries with TFP
programs now include Canada, Australia, the UK and New Zealand.
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basic structure; it only provides a decomposition of Gross Operating Surplus or Cash Flow
into more basic components.*®

In the following sections of this study, we will calculate these ex post rates of return on assets
for our Sectors 1 and 2 and also use the Jorgensonian user costs defined by (8) when we
calculate TFP growth rates for our two sectors.

The major disadvantage of using Jorgensonian user costs is their volatility and their tendency
to become negative for at least some periods when asset inflation rates for particular assets
(such as land) are high. These volatile and sometimes negative user costs do not approximate
corresponding asset rental prices (when they exist), which do not exhibit the same volatility.
Moreover, if these bouncing user costs are used in production function studies where the
underlying technology is estimated using derived supply and demand functions, the resulting
estimated parameters are unlikely to be reliable. Finally, if statistical agencies report these
volatile user costs in their system of productivity accounts, users are likely to be skeptical of
these estimates. Thus there is a need to produce smoother user costs for a variety of reasons.

Our approach to producing smoother user costs will be to use predicted asset inflation rates
say in , in the user cost formula instead of the actual ex post asset inflation rates, i’ The
method for calculating these predicted asset inflation rates will be explained more fully in
subsequent sections but the predicted rates are basically simple long run geometric averages
of past ex post inflation rates. Once the smoothed or ex ante asset inflation rate for asset n in
period t, i, , has been defined for n = 1,...,N, the ex ante or smoothed end of period t user cost
for asset n in period t, uk,", is defined as:

(10) ukn” = [1+r" = (A+i")(1-80)]Pkn = [ = in" + (1+in")8n]Pkn'’; n=1,...N

where the smoothed balancing rate of return for period t, r', is defined as the solution to the
following equation (which is linear in r"):

(11) 0 = Po'go' - Pi'gi' = P = Zp=g UKnt*gKnt X
=Pogo'~ Pi'g' = P'gL' - I [1+r7 = (1+in")(1-8n)]Pkn Gk -

The smoothed rate of return r can be viewed as a planned rate of return on assets that is
expected on the beginning of the period value of the capital stock used by the production unit,
provided expected asset inflation rates, the i, , are realized.* The smoothed user costs
defined by (10) will also provide a decomposition of Gross Operating Surplus into
meaningful components. As we shall see, the ex ante user costs are considerably smoother

3 This method for decomposing Gross Operating Surplus into explanatory factors (that are useful when
measuring TFP growth), was endorsed in the System of National Accounts, 2008; see Schreyer, Diewert and
Harrison (2005) for a discussion of the issues.

1 Period t predicted prices for output, intermediate input and labour, say Po", P\ and P.", should be used in
equation (11) in order to calculate the period t predicted rate of return, r*", instead of the actual ex post prices for
output, intermediate input and labour, Po', P\' and P.". However, it is the usual convention in production theory to
assume that actual ex post unit value prices for variable outputs and inputs are equal to their predicted
counterparts.
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than their Jorgensonian counterparts.® Note that both of our user cost models use endogenous
rates of return. One of the main purposes of this study is to determine whether the choice of
user cost formula affects our estimates of TFP growth.

We conclude this section by discussing some of the problems associated with the valuation of
investments made by the production unit during period t and with the sales of assets that
might have occurred during period t. We discuss these issues in the context of equation (9)
but a similar discussion holds for the accounting framework defined by equation (11).

Consider the second equation in (9). Upon noting that (1+i,))Pk.' is equal to the end of period
t price of a new unit of the nth capital stock component, Px,"*}, (9) can be rewritten as
follows:

(12) 0 = Po'gqo' = Pi'gy' = PL'gL = Zn=™ (1+)Prn'Okn’ + Zn=t P (1-8n) Ok

Recall our Austrian one period model of production where the beginning of period t capital
stocks are regarded as inputs and the end of period capital stocks are regarded as outputs. The
initial value of the capital stock, Zn=1" Pka'qkn, is appreciated to end of period values by
multiplying this initial capital stock value by (1+r") so that the anti-discounted price for input
asset n is (1+r')Pk,". Looking at (12), we see that the term —Zn-." (1+r')Pkn'gkn’ is (minus) the
cost of the beginning of period t capital stock at end of period prices. The other prices on the
right hand side of (12) are also expressed in end of period t prices. The first three terms on the
right hand side of (12) correspond to the value of outputs produced during period t, less the
value of intermediate and labour inputs used during the period. The final set of terms, S
Prn " (1-8,)qkn, is the end of period t value of the depreciated beginning of the period capital
stock. Thus (1-8,)qkn' is the depreciated quantity of the beginning of the period capital stock
for asset n that is left over at the end of period t. But this quantity is not the entire end of
period t capital stock for asset n: during period t, there may have been investments in asset n.
Suppose ggin' is the gross investment in asset n during period t (and the average price that the
statistical agency assigns to this investment is Pgy') for n = 1,...,N. Thus the actual end of
period t quantity of asset n that the production unit has at its disposal is g™ = qen’ +
(1-8n)qkn" and according to our accounting conventions, it should be valued at the end of
period t asset price Px,'*. Hence the terms Zn=1" Pxn" gcin’ sSeem to be missing from the right
hand side of (12). There is an explanation for this apparent puzzle.

Suppose asset n is a reproducible capital stock; i.e., an asset which is produced internally by
the production unit or purchased from another producer. In this case, the value of the gross
investment in asset n during period t, Pgin'Gein’, Will be part of the period t value of output for

> There is a problem with interpreting these smoothed user costs as rental prices that might be anticipated at the
beginning of the accounting period. When there is a severe recession in the economy in say period t, both r'
defined by solving (9) and r" defined by solving (11) will become unusually low (or even negative) and it is
unlikely that the resulting low (or negative) user costs defined by (10) could be anticipated in practice. This
limitation of our analysis should be kept in mind, particularly when looking at the user costs for 2008. This
suggests that exogenous estimates for the cost of capital may be a more appropriate strategy for forming user
costs that more closely approximate rental prices. If an exogenous r' is used, then equation (11) will not hold in
general and it will be necessary to include pure profits (or losses) as a balancing item in the SNA. However, we
do not pursue this line of inquiry in the present study.
7



the production unit; i.e., it should be included as part of Po'go'. This resolves the puzzle for
reproducible capital stock components.*®

Now suppose asset n is an inventory stock. External purchases of the inventory stock will be
part of intermediate input purchases, P,'q)". Sales of the inventory item will be reflected in the
value of gross output, Po'go'. But at the end of period t, there will be a net change in inventory
stocks equal to g™ — gkn". Hence it appears that the term P, (qxn"~0kn) is missing on
the right hand side of (12). Note that since asset n is an inventory item, we assume 5, = 0 and
s0 the term Py,™ (1-8n)qkn’ = Pkn' Okn' is present on the right hand side of (12) and adding
Prn (Qkn" —0kn) to this term gives us the end of period value of inventory stocks,
Prnakn™, which is the right answer from the perspective of the Austrian approach to
production theory. But statistical agencies treat inventory change over a period as part of
sectoral output and so the missing term Pxn"™(qkn""~qxkn") should be included as a part of the
value of gross output, Po'go"."” This resolves the puzzle for inventory components of the
capital stock.

Suppose asset n is a type of land asset. As was the case for inventory items, we assume that
the land depreciation rate is 8, = 0 and again, we find that the term Pxn'"(qkn'™—kn) is
missing on the right hand side of (12). This term now represents the value of net purchases of
land of type n over period t, qxn"—0kn', Valued at end of period t price for this type of land,
Pka't. Statistical agencies typically do not treat land as an output or an intermediate input so
in this case, the net quantity of land purchases over period t, valued at end of period land
prices, will not appear as part of the gross output (if land was sold during period t) or
intermediate input of the sector (if land was purchased during period t). Thus we need to treat
these net purchases as an input cost item, so =Pk, (qkn"""—qkn’) should be added to the right
hand side of (12), but this net cost value is offset by the increase in the value of land holdings
at the end of the period, s0 +Px," ! (qkn' *—0kn') should be added to the right hand side of (12).
Theselgwo entries cancel and so this resolves the puzzle for the land components of the capital
stock.

1 However, to make the accounting precisely consistent with the Austrian model of production, we require that
the price used to value gross investments in asset n during period, Pg,,', be equal to the end of period t imputed
value for a unit of the nth capital stock. Setting Prn™ = Pgint will ensure consistency. In our empirical work, we
used the BEA end of period price for reproducible units of the capital stock which may be slightly different from
the corresponding investment price for the asset.

" The BEA in particular does include the value of inventory change as part of the gross output of an industry.
However, they may not value the change in inventories at end of period prices of the inventory item and so again
there may be a slight inconsistency in our empirical work due to this pricing difference. For a more complete
treatment of the accounting problems associated with the treatment of inventories in the Austrian model of
production, see Diewert (2005b).

'8 Suppose some land is purchased during period t at the price Py," where this purchase price is not equal to the
end of period price of land, Px,'*"*. The quantity of new land purchased will be equal to gk, — gk.". Then the
term —Py. (Qn'"—0xkn) should be added to the right hand side of (12) as a purchase of a primary input (a cost
item) and at the same time, we should add the term Py, (qx."" k") to the right hand side of (12) to value this
land purchase at the end of period t price of this type of land (a revenue item). Thus in principle, we should add
the term (P, Pk’ )(Oxn"—0kn) to the right hand side of (12). If some land is sold during the period at the
price Py, then gun™ — qn' is Negative and is equal to minus the quantity sold. In this case, we should still add
the term (Pxn"™"—Pkn")(Okn'—0kn') to the right hand side of (12) to make the accounting consistent with our
Austrian model of production. In our empirical work, we did not make these adjustments to the accounting
identity given by (12); we simply assumed that Px,"" is equal to our end of period price for the asset, Py,
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Real monetary balances are not regarded as productive inputs by national income accountants.
However, we treat real monetary balances as being necessary for production. ** Our
accounting treatment of real balances is entirely analogous to our treatment of land and, as
was the case with land, the accounting decomposition given by (9) or (12) is consistent with
our Austrian theory of production.

Equations (9) and (12) provided an accounting treatment of production using ex post asset
prices. As mentioned above, it is possible to build a similar accounting treatment of
production using ex ante asset prices; i.e., instead of using equation (9) as our starting point
for our accounting decomposition, we could have used equation (11). The consistency of
equation (11) with the Austrian view of production is similar to our analysis of the
consistency of equations (9) and (12) with the Austrian approach to production theory.

We conclude this section with an important observation. Although we do not think that the
Jorgensonian ex post user costs are useful in all contexts, we do think that they are the right
user costs to use in the context of finding the ex post rate of return on assets for a production
unit. Ex post rates of return are extremely important indicators of economic efficiency (along
with TFP growth rates) and it is important to measure these rates of return accurately to guide
the allocation of resources between sectors.?

Before we use the data that are described in the Appendix to construct ex post rates of return
on assets and TFP growth rates, in the following section we describe the use of our data base
to construct estimates for real wages and labour productivity.

3. Real Wages and Labour Productivity Growth in Sectors 1 and 2

In this section, we draw on our data base in order to calculate real wages and labour
productivity for the two sectors.”* We start with the data for Sector 1, the Nonfinancial
Corporate Sector of the US economy.

Value Added of Sector 1 in year t, Viyai' (in billions of dollars), and the corresponding year t
price index, Pya:' are listed in Table 1. Define the year t real value added of Sector 1 as Quas'
= V/ya1/Pva1' for t = 1960,...,2014. The price and quantity of employee labour in Sector 1, are
P..'and Q1" and define the value of labour input in Sector 1 for year t as V1" = P 1'Q.1". The
labour series V1" and Py 1" are also listed in Table 1. The value of capital services in Sector 1
for year t, Vs, can be defined residually by subtracting the value of labour input from value
added: i.e., Vksi' = Vvai' — V1" The shares of labour and capital services in value added are
defined as s.1' = Vi1 /Vyai' and sksi' = Vks1/Vvai'. These Sector 1 value added shares along
with the value of capital services are also listed in Table 1.

19 This is consistent with the cash-in-advance, or vending machine model of the demand for money consider by
Fischer (1974). For a more extensive discussion of the issues surrounding money in the production function, see
Diewert and Fox (2015).

20 See Harberger (1998) on the importance of the rate of return on assets.

21 This data base is described in more detail in the Appendix of Diewert and Fox (2016).
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A beginning of year t price index for personal consumption expenditures, P¢', for t = 1960-
2015, is converted to a centered consumer price index for year t, Pc", by averaging Pc' and
P ie., define Pc™ = (1/2)(Pc' + P for t = 1960, ...,2014.% This series, along with the
wage rate index P, 4", was used to define the Sector 1 real wage for year t, defined as follows:

(13) RW,' = P4 1P" ; t=1960,...,2014.

Finally, Sector 1 Labour Productivity in year t (relative to the level in 1960), ProdL,', is
defined as follows (and is listed in Table 1):

(14) ProdL;" = [Qua1/QL1/[Quar™®/QL1 %] ; t = 1960,...,2014.

The price of (value added) output in Sector 1 grew 4.56 fold over the sample period while
employee wages grew 13.95 fold. The geometric rates of growth were 3.61% per year for
output and 5.00% per year for wages. Real wages grew 2.25 fold over the sample period
while labour productivity grew 3.41 fold (the corresponding geometric rates of growth were
1.51% and 2.30% per year). The sample average labour and capital services shares were
68.6% and 31.4% respectively. The upward trend in the capital services share is noticeable in
Figure 1 which plots the series s.1', Sksi', Pvai’, RWq' and ProdL;". Note that the capital
services share finishes up at 36.7%, well above its long term average of 31.4%. It can be seen
that real wages have grown very slowly since 2007. Note also that real wage growth was
fairly similar to labour productivity growth until 1982 and then labour productivity grew
substantially faster than real wages. Finally, it can be seen that labour productivity in Sector 1
is still growing fairly steadily since 2006 at the geometric average rate of 1.20% per year but
this rate is lower than the historical average rate of 1.51% per year.

We turn our attention to Sector 2, the Nonfinancial Noncorporate Sector of the US economy.
Value Added of Sector 2 in year t, Viya2' (in billions of dollars) and the corresponding year t
price index, Pya2' are listed in Table 2. Define the year t real value added of Sector 2 as Quaz'
= V/va2/Pva2' for t = 1960,...,2014. The value and price of labour in Sector 2, V5" and P.," are
listed in Table 2. The value of capital services in Sector 2 for year t, Vs, can be defined
residually by subtracting the value of labour input from value added: i.e., Vks2' = Va2’ — V12
The shares of labour and capital services in value added for Sector 2 are defined as s.2' =
V0oVvaz' and sksz' = Vks2/Vvaz'. These Sector 2 value added shares along with the value of
capital services are also listed in Table 2.

Again, we use the consumption price series Pc" along with the Sector 2 wage rate index P_2"
to define the Sector 2 real wage for year t, RW,' = P.,Y/Pc" for t = 1960,...,2014. This series
also appears in Table 2.

Finally, Sector 2 Labour Productivity of Sector 1 in year t (relative to the level in 1960),
ProdL,', is defined as follows (and listed in Table 2):

(15) ProdL,' = [Qua2/QL2T/[Qua2™ Q12" %] ; t = 1960.....2014.

%2 This series was normalized to equal 1 in 1960. Note that the Sector 1 wage rate series P, " is also normalized
to equal 1 in 1960.
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Table 1: Sector 1 Value Added Vyai', Value of Labour Input V, !, Value of Capital Services Vis:', Value
Added Shares of Labour and Capital Services, s, ;" and sks;". Price of Labour P, ,", Real Wage RW," and
Labour Productivity ProdL," for Year t

Year  Vyai' Vit Vst SLp Sksit Puar' P.' RW;' ProdL,
1960 255.9 180.4 75.5 0.7050 0.2950 1.0000 1.0000 1.0000 1.0000
1961 262.8 184.5 78.3 0.7021 0.2979 1.0030 1.0290 1.0181 1.0301
1962 286.9 199.3 87.6 0.6947 0.3053 1.0095 1.0725 1.0505 1.0781
1963 306.1 210.1 96.0 0.6864 0.3136 1.0145 1.1094 1.0725 1.1231
1964 330.6 225.7 1049 0.6827 0.3173 1.0239 1.1640 1.1104 1.1739
1965 364.7 245.4 119.3 0.6729 0.3271 1.0419 1.2085 1.1364 1.2152
1966 403.1 2729 130.2 0.6770 0.3230 1.0723 1.2792 1.1753 1.2422
1967 423.9 291.1 132.8 0.6867 0.3133 1.0962 1.3501 1.2058 1.2643
1968 465.4 320.9 1445 0.6895 0.3105 1.1302 1.4519 1.2537 1.3134
1969 504.4 356.1 148.3 0.7060 0.2940 1.1779 1.5545 1.2842 1.3178
1970 518.6 374.5 1441 0.7221 0.2779 1.2216 1.6690 1.3173 1.3337
1971 558.5 396.2 162.3 0.7094 0.2906 1.2657 1.7739 1.3441 1.3927
1972 622.2 439.9 182.3 0.7070 0.2930 1.3108 1.8849 1.3791 1.4339
1973 698.7 495.1 203.6 0.7086 0.2914 1.3876 2.0157 1.4004 1.4452
1974 755.7 542.9 2128 0.7184 0.2816 1.5239 2.2140 1.4058 1.4256
1975 818.1 569.0 249.1 0.6955 0.3045 1.6735 2.4284 1.4139 1.4708
1976 928.1 640.0 288.1 0.6896 0.3104 1.7549 2.6233 1.4415 1.5282
1977 1052.9 723.3 329.6 0.6870 0.3130 1.8543 2.8320 1.4697 1.5673
1978 1201.4 829.5 371.9 0.6904 0.3096 1.9868 3.0722 1.4886 1.5788
1979 1341.6 942.4 399.2 0.7024 0.2976 2.1497 3.3668 1.5002 1.5718
1980 1452.7 1030.7 422.0 0.7095 0.2905 2.3508 3.7310 1.5079 1.5770
1981 1641.7 1139.8 501.9 0.6943 0.3057 2.5530 4.0746 1.5100 1.6206
1982 17014 1183.3 518.1 0.6955 0.3045 2.7049 43920 1.5317 1.6459
1983 18175 1250.1 567.4 0.6878 0.3122 2.7546 45656 1.5253 1.6988
1984 2040.5 1388.2 652.3 0.6803 0.3197 2.8397 47838 1.5419 1.7456
1985 21729 1490.1 682.8 0.6858 0.3142 2.8900 5.0489 1.5719 1.7959
1986 2260.7 1578.2 682.5 0.6981 0.3019 2.9303 5.3247 1.6154 1.8349
1987 2425.7 1685.5 740.2 0.6949 0.3051 2.9859 5.5326 1.6337 1.8799
1988 2640.7 1825.3 815.4 0.6912 0.3088 3.0624 5.8270 1.6549 1.9406
1989 2772.6 1934.8 837.8 0.6978 0.3022 3.1554 6.0175 1.6431 1.9265
1990 2897.7 2037.5 860.2 0.7031 0.2969 3.2507 6.3362 1.6568 1.9542
1991 2946.1 2071.1 875.0 0.7030 0.2970 3.3222 6.6568 1.6788 2.0093
1992 3074.6 2188.7 885.9 0.7119 0.2881 3.3645 6.9976 1.7209 2.0597
1993 3216.0 2271.0 945.0 0.7062 0.2938 3.4346 7.1064 1.6915 2.0656
1994 3465.8 2398.7 1067.1 0.6921 0.3079 3.4868 7.2530 1.6773 2.1188
1995 3682.7 2524.6 1158.1 0.6855 0.3145 3.5344 7.3930 1.6759 2.1510
1996 3924.4 2667.7 1256.7 0.6798 0.3202 3.5578 7.6890 1.7111 2.2413
1997 42195 2862.6 1356.9 0.6784 0.3216 3.5860 7.9603 1.7545 2.3067
1998 4470.8 3093.8 1377.0 0.6920 0.3080 3.5955 8.4875 1.8610 2.4048
1999 47453 3310.0 14353 0.6975 0.3025 3.6193 8.8505 1.9151 2.4714
2000 5063.1 3597.3 1465.8 0.7105 0.2895 3.6610 9.4524 2.0011 2.5618
2001 5026.2 3584.6 1441.6 0.7132 0.2868 3.7132 9.8280 2.0421 2.6163
2002 5066.0 3542.0 1524.0 0.6992 0.3008 3.7109 10.0373 2.0525 2.7272
2003 5228.7 3595.7 1633.0 0.6877 0.3123 3.7486 10.4012 2.0878 2.8444
2004 5577.0 3762.8 1814.2 0.6747 0.3253 3.8262 10.8273 2.1235 2.9567
2005 5958.9 3930.3 2028.6 0.6596 0.3404 3.9577 11.2147 2.1357 3.0287
2006 6377.9 4129.3 2248.6 0.6474 0.3526 4.0789 11.6165 2.1598 3.1010
2007 65714 43053 2266.1 0.6552 0.3448 4.1610 12.0778 2.1894 3.1233
2008 6624.1 4358.0 2266.1 0.6579 0.3421 4.2492 12.4226 2.1993 3.1326
2009 6253.9 4088.4 2165.5 0.6537 0.3463 4.3182 12.6545 2.2109 3.1601
2010 6605.7 4158.7 2447.0 0.6296 0.3704 4.3216 12.8807 2.2228 3.3375
2011 6921.7 4363.4 2558.3 0.6304 0.3696 4.4176 13.1669 2.2282 3.3331
2012 73215 4593.3 2728.2 0.6274 0.3726 4.4916 13.4816 2.2322 3.3727
2013 7591.9 47474 28445 0.6253 0.3747 45205 13.6248 2.2228 3.3978
2014 7895.8 49958 2900.0 0.6327 0.3673 45568 13.9548 2.2503 3.4121
Note: All values are in billions of dollars.
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Table 2: Sector 2 Value Added V', Value of Labour Input V., ,', Value of Capital Services Vks,', Value
Added Shares of Labour and Capital Services, s, ,' and sxs,". Price of Labour P, ,', Real Wage RW," and
Labour Productivity ProdL," for Year t

Year  Vya' Vi Vi Sl Sks2  Puas P’ RW, ProdL,
1960 107.4 76.6 30.8 0.7135 0.2865 1.0000 1.0000 1.0000 1.0000
1961 110.2 76.8 33.4 0.6967 0.3033 1.0161 1.0297 1.0187 1.0378
1962 114.2 78.4 35.8 0.6864 0.3136 1.0306 1.0720 1.0500 1.0811
1963 1171 79.2 379 0.6767 0.3233 1.0424 1.1087 1.0719 1.1216
1964 123.0 82.9 40.1 0.6737 0.3263 1.0599 1.1635 1.1100 1.1626
1965 130.0 84.7 453 0.6512 0.3488 1.0810 1.2053 1.1334 1.2216
1966 138.5 875 51.0 0.6318 0.3682 1.1142 1.2675 1.1646 1.2848
1967 142.1 89.4 52.7 0.6291 0.3709 1.1494 1.3281 1.1862 1.3104
1968 149.8 93.5 56.3 0.6241 0.3759 1.2014 1.4232 1.2289 1.3543
1969 157.8 99.1 58.7 0.6279 0.3721 1.2540 1.5223 1.2577 1.3795
1970 163.4 102.8 60.6 0.6294 0.3706 1.3032 1.6246 1.2823 1.4131
1971 173.1 106.8 66.3 0.6172 0.3828 1.3646 1.7248 1.3069 1.4613
1972 191.2 113.2 78.0 0.5919 0.4081 1.4302 1.8305 1.3393 1.5429
1973 223.5 124.1 99.4 0.5553 0.4447 1.4928 1.9487 1.3539 1.6773
1974 235.2 135.6 99.6 0.5763 0.4237 1.6334 2.1193 1.3456 1.6064
1975 252.0 144.1 107.9 05718 0.4282 1.8018 2.3053 1.3423 1.5966
1976 275.6 155.4 120.2 0.5638 0.4362 1.9586 24811 1.3634 1.6031
1977 300.7 170.1 130.6 0.5655 0.4345 2.1231 2.6649 1.3830 1.5835
1978 340.7 189.5 151.2 0.5562 0.4438 2.2748 2.8772 1.3941 1.6224
1979 380.3 211.6 168.7 0.5565 0.4435 2.5432 3.1382 1.3983 1.5821
1980 399.8 233.2 166.6 0.5832 0.4168 2.7131 3.4595 1.3982 1.5599
1981 435.5 253.4 182.1 05819 0.4181 2.9761 3.7703 1.3972 1.5534
1982 4545 272.6 181.9 0.5998 0.4002 3.1681 4.0618 1.4166 1.5252
1983 480.7 290.0 190.7 0.6032 0.3968 3.4070 4.2399 1.4165 1.4720
1984 556.3 314.0 242.3 0.5644 0.4356 3.4506 44382 1.4305 1.6259
1985 600.4 330.0 270.4 0.5497 0.4503 3.6182 4.6619 1.4514 1.6725
1986 636.3 346.1 290.2 0.5439 0.4561 3.6821 48851 1.4821 1.7404
1987 667.5 365.3 302.2 0.5472 0.4528 3.8627 5.0870 1.5021 1.7171
1988 727.1 390.9 336.2 0.5376 0.4624 4.0499 5.3541 1.5206 1.7546
1989 774.1 413.1 361.0 0.5337 0.4663 4.2668 5.5205 1.5074 1.7298
1990 807.5 437.7 369.8 0.5420 0.4580 4.4449 5.7961 1.5155 1.7165
1991 815.0 458.3 356.7 0.5623 0.4377 4.6295 6.0487 1.5254 1.6579
1992 869.8 471.9 397.9 0.5425 0.4575 4.7022 6.3684 1.5661 1.7813
1993 903.5 501.4 402.1 0.5550 0.4450 4.8129 6.4767 1.5417 1.7301
1994 951.2 522.6 428.6 0.5494 0.4506 4.8685 6.6155 1.5299 1.7648
1995 992.0 541.2 450.8 0.5456 0.4544 5.0990 6.7770 1.5363 1.7381
1996 1069.5 566.7 502.8 0.5299 0.4701 5.3611 7.0498 1.5688 1.7707
1997 1136.9 601.8 535.1 0.5294 0.4706 5.5402 7.3528 1.6206 1.7889
1998 1229.4 637.3 592.1 0.5184 0.4816 5.6619 7.7929 1.7087 1.8943
1999 1312.3 662.7 649.6 0.5050 0.4950 5.7664 8.1347 1.7602 1.9933
2000 1420.7 712.9 707.8 0.5018 0.4982 6.0680 8.6602 1.8334 2.0293
2001 1637.1 830.6 806.5 0.5073 0.4927 6.3365 8.9251 1.8545 1.9809
2002 1707.0 861.7 845.3 0.5048 0.4952 6.3650 9.0834 1.8575 2.0170
2003 1800.5 934.1 866.4 0.5188 0.4812 6.4184 9.3894 1.8847 2.0118
2004 1953.7 1023.3 930.4 0.5238 0.4762 6.5464 9.7942 1.9209 2.0381
2005 2088.6 1102.8 985.8 0.5280 0.4720 6.6842 10.1199 1.9272 2.0460
2006 2293.1 1210.0 1083.1 0.5277 0.4723 6.8051 10.5245 1.9567 2.0912
2007 2356.3 1303.0 1053.3 0.5530 0.4470 6.9719 10.9629 1.9872 2.0289
2008 24745 13158 1158.7 05317 0.4683 6.9994 11.2585 1.9932 2.1583
2009 2321.0 1271.1 1049.9 0.5477 0.4523 6.8638 11.4066 1.9929 2.1651
2010 23955 12919 1103.6 0.5393 0.4607 7.0960 11.6811 2.0158 2.1779
2011 2592.9 13242 1268.7 0.5107 0.4893 7.2228 11.9747 2.0264 2.3162
2012 2742.3 1386.7 1355.6 0.5057 0.4943 7.3719 12.2744 2.0323 2.3493
2013 2839.8 1410.8 1429.0 0.4968 0.5032 7.5334 12.3977 2.0226 2.3635
2014 2966.3 1470.3 1496.0 0.4957 0.5043 7.7110 12.6666 2.0426 2.3645
Note: All values are in billions of dollars.
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Figure 1: Sector 1 Labour and Capital Shares of Value Added,

Qutput Price, Real Wage and Labour Productivity
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Figure 2: Sector 2 Labour and Capital Shares of Value Added,

Qutput Price, Real Wage and Labour Productivity
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The price of (value added) output in Sector 2 grew 7.71 fold over the sample period (much
higher than the Sector 1 price growth of 4.56 fold) while wages grew 12.67 fold. The
geometric rates of growth were 3.61% per year for real value added, 3.86% per year for the
value added deflator and 4.81% per year for wages. Real wages grew 2.04 fold over the
sample period while labour productivity grew 2.36 fold, much lower than the 3.41 fold of
labour productivity in Sector 1. The long run average geometric rates of growth of real wages
and labour productivity for Sector 2 were 1.33% and 1.61% per year while the corresponding
growth rates for Sector 1 were 1.51% and 2.30% per year. Thus real wage growth and labour
productivity growth in Sector 2 were substantially below their Sector 1 counterparts. The
sample average labour and capital services shares in Sector 2 were 56.7% and 43.3% (68.6%
and 31.4% in Sector 1). It can be seen that Sector 2 is much more capital intensive than Sector
1. The upward trend in the capital services share is very noticeable in Figure 2, which plots
the series s.2', Sks2', Pvaz, RW,"and ProdL,". Note that the capital services share finishes up at
50.4%, well above its long term average of 43.3%. It can be seen that real wages have grown
very slowly since 2001. Note also that real wage growth stagnated after 2007 while labour
productivity continued to grow. It can be seen that the structure of production is entirely
different in the noncorporate nonfinancial sector as compared to the corporate nonfinancial
sector.

In the following section, we will calculate price and quantity indexes for the capital stocks
used in both sectors as well as the corresponding real and nominal capital output ratios for the
two sectors.

4. Capital stocks and Capital Output Ratios for Sectors 1 and 2

We constructed chained Fisher capital stock price and quantity indexes for Sector 1 using
price and quantity information for each of the nine assets that are used as inputs, which are as
follows: 1 = Equipment; 2 = Intellectual property products; 3 = Nonresidential structures; 4 =
Residential structures; 5 = Residential land; 6 = Farm land; 7 = Commercial land; 8 =
Beginning of year inventory stocks, and 9 = Beginning of the year real holdings of currency
and deposits.

Denote the resulting period t price and quantity indexes as P:' and Q' for t = 1960....,2015.
Define the Sector 1 capital stock value at the beginning of year t as Vii' = Pk1'Qki1'. Now
define the year t nominal and real capital output ratios as Vko1' = Vki/Vvai' and Qkjo1' =
Qx17Quar’. Vi, Qii', Pii', Viio1' and Qo1 are listed in Table 3.

It can be seen that the Sector 1 aggregate capital stock price Px:' increased 7.36 fold over the
sample period. The average geometric growth rates for the price and quantity of the Sector 1
capital stock were 3.70% per year and 2.74% per year respectively. The real capital output
ratio, Qujo1', declined more or less steadily from 2.47 in 1960 to 1.59 in 2014. The nominal
capital output ratio, V01!, did not decline nearly as much due to increasing land prices.”®

2 We constructed chained Fisher land price and quantity indexes for Sector 1 and then compared the value of
land to value added and the quantity of land to the quantity of output. The nominal land to output ratio went
from 36.7% in 1960 to a peak of 51.2% in 2006, declined to 22.0% in 2012 and finished up in 2014 at 30.4%.
The corresponding real land to output ratio declined steadily from 36.7% in 1960 to 9.8% in 2014. The inclusion
or exclusion of land from the productive asset base does make a significant difference to capital output ratios.
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The nominal capital output ratio started at 2.47 and ended up at 2.52 with many fluctuations
in between (V01" had a low of 2.00 in 1966 and a high of 2.80 in 2009).

We similarly constructed chained Fisher capital stock price and quantity indexes for Sector 2
using the price and quantity information for each of the fourteen assets that are used as
inputs,?* which are as follows: 1 = Equipment held by sole proprietors; 2 = Equipment held
by partners; 3 = Equipment held by cooperatives; 4 = Intellectual property products held by
sole proprietors; 5 = Intellectual property products held by partners; 6 = Nonresidential
structures held by sole proprietors; 7 = Nonresidential structures held by partners; 8 =
Nonresidential structures held by cooperatives; 9 = Residential structures held by the
noncorporate nonfinancial sector; 10 = Residential land held by the noncorporate nonfinancial
sector; 11 = Farm land held by the noncorporate nonfinancial sector; 12 = Commercial land
held by noncorporate nonfinancial sector; 13 = Beginning of the year inventories held by the
noncorporate nonfinancial sector, and 14 = Beginning of the year real holdings of currency
and deposits by noncorporate nonfinancial sector.

Denote the resulting beginning of period t price and quantity indexes as Px,' and Qk;' for t =
1960,...,2015. Define the Sector 2 capital stock value at the beginning of year t as Vo' =
Pk2'Qk2". Now define the year t nominal and real capital output ratios for Sector 2 as Vkjo.2' =
ViaMvaz' and Qo2 = Qu2/Quaz’. V2, Qiz2', P2, Vo2 and Qo' are listed in Table 3.

It can be seen that the Sector 2 aggregate capital stock price Pk, increased 14.76 fold over the
sample period whereas the Sector 1 capital stock price increased only 7.36 fold. The average
geometric growth rates for the price and quantity of the Sector 2 capital stock were 5.02% per
year (3.70% per year for Sector 1) and 1.44% per year (2.74% per year for Sector 1)
respectively. This large difference in growth rates between sectors is explained by the
relatively very large land component in the Sector 2 capital stock.? The price of land tends to
grow more rapidly and the quantity less rapidly than other assets. The real capital output ratio
for Sector 2, Qxo2', increased (erratically) from 3.43 in 1960 to 4.01 in 1983 and then
declined to 2.07 in 2014. The corresponding nominal capital output ratio, V02", did not
decline nearly as much, due to increasing land prices. The nominal capital output ratio started
at 3.43 and remained roughly constant until 1969 and then increased rapidly to hit a peak of
5.83 in 1982 and then fell to 3.48 in 2012 and increased a little to end up at 3.80 in 2014. It
can be seen that the real and nominal capital output ratios are in general, much larger in
Sector 2 than in Sector 1.

The nominal and real capital output ratios for Sectors 1 and 2 are plotted in Figure 3, where
the overall decline in the real capital output ratios from 1983 is visible. The much higher
capital output ratios for Sector 2 over Sector 1 are also apparent.

%t The BEA Fixed Asset Tables are organized somewhat differently for the Nonfinancial Noncorporate Sector as
compared to Sector 1, with a decomposition of Sector 2 into subsectors. This led us to organize the capital stock
data for Sector 2 into fourteen rather than nine components.

% The average share of residential land in Sector 2 value of the capital stock is 28.2%, farm land is 16.4% and
commercial (nonresidential and nonfarm) land is 7.1%. Thus the overall average land share in the total value of
Sector 2 assets is 51.6% and for reproducible assets is 48.4%. The average land share of asset value in Sector 1
is only 14.4% and the corresponding reproducible asset share is 85.6%.
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Table 3: Capital Stock Values, Prices and Quantities and Nominal and Real Capital Output
Ratios for Sectors 1 and 2

Year Vit Qi Pii' Vigoi'  Quios' Vio' Q' Pio' Vo2 Qo2
1960 633.4 6334 1.0000 24752 2.4752 368.9 368.9 1.0000 3.4345 3.4345
1961 641.2 650.0 0.9865 2.4399 2.4807 373.3 3714 1.0049 3.3872 3.4248
1962 662.5 668.8 0.9906 2.3092 2.3533 385.6 376.4 1.0244 3.3762 3.3969
1963 689.9 691.8 0.9972 2.2539 2.2930 402.2 382.0 1.0530 3.4348 3.4002
1964 7128  713.3 0.9993 2.1561 2.2090 4115 384.3 1.0707 3.3455 3.3116
1965 7505 739.3 1.0151 2.0579 2.1122 4225 389.6 1.0844 3.2499 3.2397
1966 804.3 7734 1.0400 1.9953 2.0572 4459 3995 1.1162 3.2197 3.2139
1967 874.7 816.8 1.0709 2.0634 2.1124 472.1 407.0 1.1601 3.3222 3.2916
1968 944.1  858.8 1.0994 2.0286 2.0855 500.5 4124 1.2136 3.3409 3.3074
1969 1028.6  895.4 1.1487 2.0393 2.0909 548.1 4227 1.2967 3.4733 3.3591
1970 11319 9315 1.2152 21826 2.1942 614.3 436.1 1.4086 3.7596 3.4784
1971 1233.1  961.7 1.2823 2.2079 2.1794 675.1 4453 15161 3.8998 3.5101
1972 1342.0 989.3 1.3565 2.1569 2.0841 746.7 4595 1.6249 3.9052 3.4373
1973 1462.6 1020.1 1.4338 2.0933 2.0259 838.5 476.2 1.7609 3.7515 3.1803
1974  1663.0 1056.7 1.5738 2.2006 2.1309 1005.7 495.0 2.0320 4.2761 3.4374
1975 2016.4 1109.2 1.8180 2.4647 2.2689 1183.2 500.6 2.3634 4.6952 3.5795
1976 22169 1130.3 1.9613 2.3886 2.1373 1342.6 506.9 2.6486 4.8716 3.6025
1977 24495 11665 2.0999 2.3264 2.0544 1497.6 509.0 29422 4.9803 3.5939
1978 27259 1206.9 2.2587 2.2689 1.9958 1705.4 515.1 3.3106 5.0057 3.4396
1979  3098.1 1249.0 2.4806 2.3093 2.0013 20079 527.2 3.8085 5.2798 3.5257
1980 3569.1 1296.1 2.7537 2.4569 2.0974 2296.6 538.1 4.2683 5.7445 3.6514
1981  4058.3 1331.1 3.0488 2.4720 2.0700 2488.8 544.4 45719 57149 3.7201
1982  4528.4 1377.0 3.2886 2.6616 2.1892 26479 554.8 47728 5.8260 3.8671
1983  4779.9 14050 3.4020 2.6299 21295 2736.8 565.4 4.8408 5.6934 4.0070
1984  4966.4 1436.6 3.4570 2.4339 19993 2866.2 570.4 5.0250 5.1523 3.5380
1985 5280.1 1493.8 3.5346 2.4300 19868 2962.8 582.3 5.0879 4.9347 3.5092
1986  5540.5 15465 3.5826 2.4508 2.0046 31345 597.4 52473 49262 3.4568
1987 5742.8 15848 3.6237 2.3675 19508 3314.2 603.7 5.4899 49651 3.4934
1988 6041.1 16144 3.7420 2.2877 1.8722 3522.6 609.2 57828 4.8448 3.3930
1989 6434.3 1643.3 3.9156 2.3207 1.8701 3777.3 616.6 6.1259 4.8796 3.3988
1990 67495 16747 4.0303 2.3293 1.8787  4005.2 622.3 6.4360 4.9600 3.4255
1991 7057.4 1707.1 4.1343 23955 19250 4108.2 627.4 6.5480 5.0407 3.5639
1992  7229.2 17329 4.1716 23513 1.8963 4206.9 626.7 6.7131 4.8367 3.3879
1993  7421.0 17543 4.2302 2.3075 1.8735 4256.2 625.6 6.8033 4.7108 3.3327
1994 77755 17939 4.3345 2.2435 1.8047 4388.0 626.2 7.0077 4.6132 3.2049
1995 8173.3 18428 4.4353 2.2194 17686  4487.7 629.3 7.1314 45239 3.2346
1996 8648.2 18957 45619 2.2037 17187 4688.9 635.2 7.3817 4.3842 3.1841
1997 9059.0 1956.6 4.6299 2.1469 1.6629 4897.0 647.3 7.5658 4.3073 3.1541
1998  9577.5 2032.2 4.7129 21422 16343 5191.2 658.6 7.8816 4.2225 3.0334
1999 101319 21104 4.8009 2.1352 1.6096 5607.1 669.6 8.3735 4.2727 2.9424
2000 10861.3 2200.2 4.9366 2.1452 15909 6082.2 6829 8.9060 4.2811 2.9169
2001 117589 22915 5.1316 23395 1.6929 6733.2 7010 9.6050 4.1129 2.7133
2002 12238.7 23241 5.2661 2.4159 1.7024 7256.3 709.3 10.230 4.2509 2.6448
2003 12832.2 2348.3 5.4645 2.4542 1.6836 78479 7104 11.048 4.3588 2.5323
2004 13575.4 2393.6 5.6715 2.4342 1.6422 84959 7158 11.869 4.3486 2.3986
2005 14835.3 2432.0 6.1000 2.4896 1.6153 9558.0 726.9 13.149 45763 2.3262
2006 16327.0 2484.1 6.5727 25599 15887 10742.6 737.0 14577 4.6847 2.1870
2007 17248.2 2519.9 6.8447 2.6247 15956 11334.8 750.9 15.094 4.8104 2.2219
2008 17652.5 2538.6 6.9537 2.6649 1.6284 11138.3 764.9 14561 4.5012 2.1637
2009 17527.8 25615 6.8429 2.8027 1.7687 10275.4 775.7 13.247 4.4272 2.2938
2010 171549 25834 6.6405 25970 1.6901 99379 7722 12.869 4.1486 2.2876
2011 17460.2 2620.2 6.6637 25225 1.6723 9464.8 773.8 12232 3.6503 2.1555
2012 18064.0 2648.8 6.8197 2.4673 1.6250 9539.9 779.4 12.240 3.4788 2.0953
2013 18919.5 2688.7 7.0367 2.4921 1.6010 104914 788.3 13.309 3.6944 2.0912
2014 19908.8 2754.4 7.2281 25215 15896 11284.8 797.0 14.160 3.8043 2.0717
2015 206615 2806.7 7.3615 11960.3 810.2 14.762

Note: All values are in billions of dollars and the quantities are in billions of 1960 dollars.
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for Sectors 1 and 2
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Figure 3: Nominal and Real Capital Qutput Ratios
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Figure 4: Normalized and Real Value Added, Labour Input
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Figure 4 plots real value added, labour input and beginning of the period capital stocks for
Sectors 1 and 2, except that each series is divided by its starting 1960 value. Thus real value
added in Sectors 1 and 2 grew 6.77 fold and 3.58 fold respectively, labour input grew 1.98
fold in Sector 1 and 1.51 fold in Sector 2 and capital stocks grew 4.35 fold in Sector 1 and
only 2.16 fold for Sector 2. Note that labour input in Sector 2 did not recover to its starting
value in 1960 until 1993 after which it grew fairly rapidly until 2007 when it levelled off.

In the following section, we turn our attention to deriving the alternative balancing rates of
return on assets, and the resulting user costs, for our two sectors that were discussed in
Section 2.

5. Balancing Rates of Return and Alternative User Costs for Sectors 1 and 2

Denote the beginning of the year t asset prices for Sector 1 by Px1, for n =1,...,9. The year t
inflation rate for asset n, i1, is defined as follows:

(16) i1n = (Pkan " Prin) — 1; n=1,.9:t=1960,..2014.

Denote the depreciation rate for asset n in year t used in Sector 1 by 8;,. Define the
depreciation rates for assets n = 5,...,9 to be 0 for all years t.°

Recall equation (9) in Section 2 which defined the ex post rate of return on assets for year t, r'.
For Sector 1, we will use the following counterpart to (9) to define the year t ex post rate of
return on assets for Sector 1, r;":

(17) Vyar'= Vi = Zoet” [+ = (L+in) (1-810)]Pkin Qkin = 0 ; t =1960,...,2014,

where Sector 1 value added and the value of labour input in year t, Vya:' and V4, are listed
in Table 1. The Sector 1 ex post rates of return on assets (the ri' which solve (17) for year t
data) are plotted in Figure 5.

Recall that the personal consumption deflator for the beginning of year t was defined in
Section 3 as P¢' for t = 1960,...,2014. Define the corresponding year t consumption inflation
rate, ic', by (18) and the corresponding year t ex post real rate of return on assets for Sector 1,
R.', by (19):

(18) ic'= (Pc"™/Pc) - 1; t=1960 ...,2014;
(19) Ry' = [(1+r)/(1+icH] -1 ; t=1960 ...,2014.

The personal consumption deflator inflation rates ic' and the Sector 1 ex post real rates of
return R," are also plotted in Figure 5.

We also calculated a balancing rate of return for Sector 1 for each year t, r,", using a
modification of equation (11) in section 3. In order to calculate this alternative rate of return

%% The nonzero depreciation rates for assets n = 1,2,3,4 used in Sector 1 are listed in Table A10 in the Appendix
of Diewert and Fox (2016).
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on assets, we need to form expected or predicted asset inflation rates, i1, , for each asset n.
For the first six years in our sample, we used the actual geometric average growth rate of the
asset prices, starting at the beginning of 1960 and ending at the beginning of 1965. Thus we
defined i1, as follows for the first six years in our sample:

(20) iyn” = (Pron /Py )Y — 1; n=1,..,9 t=1960,..1965.

For the years 1966-1985 we defined the i1," as geometric average growth rates of the asset
price from the beginning of 1960 to the beginning of year t as follows forn=1,...,9:

. 1966* 1966 19604 1/6
(21) ign = (Pxin " IPkin )" —1,
" 1967* 1967 1960\1/7
I1n = (Pkin Pkan )" —1,

. 1085% 1985 1960\1/25
I1n = (Pkin™ IPkin )" =1,

For t greater than 1985, we simply used the geometric average growth rate of the asset price
over the 25 years prior to year t; i.e., define iy, for t > 1985 as follows:*’

(22) i1 = (Pkon/Prin 2)V% - 1; n=1,.9: t=1985,..2014.

Recall equation (11) in Section 2 which decomposed value added into labour and capital
service components using predicted asset inflation rates, which we now denote by i1, and a
predicted or expected balancing nominal rate of return on assets for year t, which we now
denote by ri". For Sector 1, we will use the following counterpart to (11) to define the year t
predicted balancing rate of return on assets for Sector 1, r;"":

(23) Vvar' = Vi1t — Znet® [14107 — (L+ipn ) (1-810)PkinQken = 0;  t=1960,...,2014

where Sector 1 value added and the value of labour input in year t. The Sector 1 predicted
rates of return on assets (the r," which solve (23) for year t data) are plotted in Figure 5.2 The
corresponding year t predicted real rate of return on assets for Sector 1, R,", is defined by
(24) and also plotted in Figure 5:

(24) R = [(A+r")/(1+icH] - 1 t=1960 ... 2014.

The mean nominal rate of return r," over the sample period in Sector 1 was 11.25% (minimum
rate was 3.21% in 2009 and the maximum was 21.97% in 1974) while the mean real ex post
rate of return on assets R;' was 7.57% (minimum was 1.99% in 2009; maximum was 11.83%
in 1965). These ex post real rates have been above average for the last three years at 9.73%,
9.82% and 8.68%. The mean nominal predicted rate of return ri" over the sample period in
Sector 1 was 10.04% (minimum rate was 6.96% in 2001 and the maximum was 12.56% in

2" |t may be that the length of our moving average process is too long or that better methods for predicting asset
prices one year hence could be devised. However, our goal is to obtain user costs that could approximate one
year rental prices for assets used in production (when they exist). Since observed rental prices are relatively
smooth, our suggested method for generating predicted asset prices does lead to relatively smooth user costs as
will be seen later.

%8 Tabulated data for the series in this and following figures are available in Diewert and Fox (2016).
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1978) while the mean expected real rate of return on assets R;" was 6.44% (minimum was -
0.94% in 1974; maximum was 9.77% in 1965).%

The most important series is R;', the before income tax realized real rate of return on assets
used in the Corporate Nonfinancial Sector.® This real rate has remained above 5% except for
the 10 years 1960, 1982-83, 1985, 1990-93 and 2008-09, and has remained below 11% except
for the 3 years 1965 and 2004-05. There is no indication of a real rate of return slowdown that
shows up in our data. However, the 2008 financial crisis certainly drove down ex post
realized rates of return temporarily in 2008 and 2009.

We turn our attention to Sector 2. Denote the beginning of the year t asset prices for Sector 2
by Pkan' for n = 1,...,14. The year t inflation rate for asset n in Sector 2, i\, is defined as
follows:

(25) izn' = (Pkan Pran) — 1 n=1,..,14; t=1960,...,2014.

Denote the depreciation rate for asset n in year t used in Sector 2 by 8, Define the
depreciation rates for assets n = 10,...,14 to be 0 for all years t.** Again recall equation (9) in
Section 2 which defined the ex post rate of return on assets for year t, r'. For Sector 2, we will
use the following counterpart to equation (9) to define the year t ex post rate of return on
assets for Sector 2, r,":

(26) Vvaz'— Vo' — Zpaa™ [1412 = (L+i2n)(1-821)]Pkon Qk2n = 0 ; t = 1960,...,2014

where Sector 2 value added and the value of labour input in year t, Vyaz' and V.2, are listed
in Table 2. The Sector 2 ex post rates of return on assets (the r,' which solve (26) for year t
data) are plotted in Figure 6. The year t ex post real rate of return on assets for Sector 2, R,
is defined by (27):

(27) Ry = [(1+r)/(1+icH] - 1; t=1960 ....2014.

We also calculated a balancing rate of return for Sector 2 for each year t, r,", using a
modification of equation (11) in Section 3. In order to calculate this alternative rate of return
on assets, we need to form expected or predicted asset inflation rates, i, , for each asset n.
We formed Sector 2 predicted asset inflation rates using exactly the same method that we
used to form Sector 1 predicted inflation rates.

Recall equation (11) in Section 2 which decomposed value added into labour and capital
service components using predicted asset inflation rates, which we now denote by i, ", and a
predicted or expected balancing nominal rate of return on assets for year t, which we now

% Note that our expected real rate of return on Sector 1 assets has been fairly stable over the period 1982-2014.
R." ranged between 4.62% (1990) and 9.33% (1997) over this period.

% The average corporate income tax paid by the nonfinancial corporate sector on assets during our sample period
as a percentage of the asset base is 1.98% per year; see the series V" in Appendix Table A3 of Diewert and Fox
(2016).

%1 The nonzero depreciation rates for assets n = 1,...,9 used in Sector 2 are listed in Table A1l in the Appendix
of Diewert and Fox (2016).
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denote by r,". For Sector 2, we will use the following counterpart to (11) to define the year t
predicted balancing rate of return on assets for Sector 2, r,":

(28) Vyaz'— Vo' — Zpet™ [14125 — (L+ign")(1-821)]PkonQkzn =0;  t=1960,...,2014

where Sector 2 value added and the value of labour input in year t, Vyaz' and V.2, are listed
in Table 2. The Sector 2 predicted rates of return on assets (the r," which solve (28) for year t
data) are plotted in Figure 6, along with the corresponding year t predicted real rate of return
on assets for Sector 2, R,", as defined by (29):

(29) R," = [(1+r.")/(1+ic)] - 1 ; t=1960 ...,2014.

The mean nominal ex post rate of return r,' over the sample period in Sector 2 was 12.76%
(minimum rate was —0.70% in 2008 and the maximum was 24.60% in 1973) while the mean
real ex post rate of return on assets R, was 9.03% (minimum was —2.14% in 2008; maximum
was 18.29% in 2012). Note that the average real rate of return in Sector 2 was a very high
9.03% per year which is considerably above the average real rate of return on assets used in
Sector 1, which was 7.57% per year. This result was somewhat surprising. The Sector 2 ex
post real rates have been above average for the last three years at 18.29%, 16.13% and
13.86%. These are very high real rates of return. The corresponding Sector 1 ex post real rates
were only 9.73%, 9.82% and 8.68%. The mean nominal predicted rate of return r;" over the
sample period in Sector 2 was 11.35% (minimum rate was 7.12% in 1960 and the maximum
was 13.72% in 1979) while the mean expected real predicted rate of return on assets Ry" was
7.73% (minimum was 0.92% in 1974; maximum was 11.91% in 2013).

The most important series is R, the before income tax realized real rate of return on assets
used in the Noncorporate Nonfinancial Sector. This series has fluctuated considerably
during the sample period, driven by large fluctuations in the price of land. There does not
appear to be a long run decline in the real rate of return on assets in Sector 2. The predicted
nominal rate of return series ro" is much smoother than the corresponding realized return
series ;' and so the use of the r," series in our user costs will lead to much smoother user
costs for this sector.

%2 The reason why nominal and real ex post rates of return on assets are much higher in Sector 2 compared to
Sector 1 can be explained by the fact that production in Sector 2 is highly land intensive and land inflation rates
are much higher than inflation rates for other assets.

%% The average business income tax paid by the nonfinancial noncorporate sector on assets during our sample
period as a percentage of the asset base is only 0.15% per year; see the series V' in Appendix Table A3 of
Diewert and Fox (2016). This income tax rate for Sector 2 seems to be too low to be true!
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Figure 5: Sector 1 Nominal and Real Rates of Return,
Predicted Nominal and Real Rates of Return, and

Personal Consumption Deflator Inflation Rate
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Figure 6: Sector 2 Nominal and Real Rates of Return,

Predicted Nominal and Real Rates of Return
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We turn our attention to the calculation of user costs for Sector 1. Recall equations (16) and

(17). The year t Jorgensonian user cost for asset n used in Sector 1, ui,, is defined as
follows:
(30) Upn' = [1+1' — (1+i1n) (1-810)]Pkan'; n=1,.,9;t=1960,..,2014

where the iy ' are the ex post asset inflation rates defined by (16) and the r," are the Sector 1
balancing nominal rates of return defined by equations (17). These Jorgensonian user costs
are plotted in Figure 7. It can be seen that there are numerous negative Jorgensonian user
costs for assets 5-8 (residential land, farm land, commercial land and inventory stocks). It can
also be seen that these user costs are in general quite volatile. Thus while Jorgensonian user
costs are the “right” user costs to use when computing ex post rates of return on assets, they
are not good approximations to rental prices for these assets.>

Recall equations (20)-(23). The year t predicted user cost for asset n used in Sector 1, uy ", is
defined as follows:

(31) urp = [1+r1" = (L+izn")(1-81")Pkin'; n=1,.,9; t=1960,..,2014
where the il,nt* are the predicted asset inflation rates defined by (20)-(22) and the ;" are the
predicted Sector 1 balancing nominal rates of return defined by equations (23). These

predicted user costs are plotted in Figure 8.

Figure 7: Jorgensonian User Costs for Sector 1
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% Thus the use of Jorgensonian user costs is not recommended in econometric studies where cost functions are
estimated or where production functions are estimated using inverse factor demand equations as additional
estimating equations.
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Figure 8: Predicted User Costs for Sector 1
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The predicted user costs are much smoother than the Jorgensonian user costs and the negative
user costs have been eliminated. Thus in what follows, we will sometimes refer to these
predicted user costs as smoothed user costs. These user costs are suitable for production or
cost function econometric studies. They are also more suitable for statistical agencies to use
when computing capital services aggregates for publication. It can be seen that the user costs
for residential, farm and commercial land (uis', uie" and uy7") have been quite volatile for
the last 20 years in our sample period but the remaining user cost series are fairly smooth.

We turn our attention to the calculation of user costs for Sector 2. Recall equation (26). The
year t Jorgensonian user cost for asset n used in Sector 2, u, !, is defined as follows:

(32) Un = [1+17' — (L+i2n)(1-820)]Pk2n'; n=1,.14:t=1960,... 2014

where the i,,," are the ex post asset inflation rates defined by (25) and the r,' are the Sector 2
balancing nominal rates of return defined by equations (26). These Jorgensonian user costs
are plotted in Figure 9. Again, these user costs are volatile and there are numerous negative
user costs in assets, 6-7 (nonresidential structures held by proprietors, partners and
cooperatives) and 10-14 (residential land, farm land, commercial land, inventory stocks and
monetary stocks). It can be seen at a glance that these user costs are not suitable
approximations to asset rental prices.

Recall equation (28). The year t predicted user cost for asset n used in Sector 2, uz,", is
defined as follows:

24



(33) Uz = [1+1," — (L+izn" )(1-82,)]Pkan' ; n=1,.,14:t=1960,...,2014

where the i, are the predicted asset inflation rates for Sector 2 defined by counterparts to
definitions (20)-(22) and the r," are the predicted Sector 2 balancing nominal rates of return
defined by equations (28). These predicted user costs are plotted in Figure 10. It can be seen
that these predicted user costs are all positive, and that all of the series have fairly smooth
trends, with the exception of assets 10, 11 and 12 (residential land, farm land and commercial
land).

We conclude that our rather simple method for forming predicted asset inflation rates does
lead to relatively smooth (and reasonable) user costs that could be published by statistical
agencies for general use by economic analysts as well as for the construction of capital
services aggregates. In the following section, we will compute capital services aggregates
(and the resulting measures of Total Factor Productivity) using both Jorgensonian and
predicted user costs to determine if the alternative user costs affect aggregate capital services
growth for our two sectors.

Figure 9: Jorgensonian User Costs for Sector 2
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Figure 10: Predicted User Costs for Sector 2
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6. Jorgensonian and Predicted Measures of Capital Services and Total Factor
Productivity Growth

We use the Tornqvist formula to aggregate capital services and to aggregate all inputs,
including labour services.® Our methodology for measuring Total Factor Productivity growth
follows the methodology proposed by Diewert and Morrison (1986) and Kohli (1990). This
methodology measures TFP growth over two periods as an implicit Térnqvist quantity index
defined over gross outputs and intermediate inputs divided by a direct Térngvist quantity
index of primary inputs.*® Since we have only one value added output in our BEA data base
for each sector, our output index going from year t to year t+1 is simply Qua:™/Qvai’ for
Sector 1 and Quax ™ /Quaz' for Sector 2. However, we will use the Térnqvist quantity index to
aggregate inputs.

Let p' = [ps'.....pn'] @nd g = [q4",....an"] denote a generic price and quantity vector for year t.
Then the logarithm of the Térngvist chain link quantity index Qt going from year t to t+1 is
defined as follows:

% This formula was attributed to Térnqvist (1936) by Jorgenson and Griliches (1972; 83) as a discrete time
approximation to the continuous time Divisia indexes that Jorgenson and Griliches (1967) (1972) advocated for
aggregating inputs and outputs in productivity studies. The formula does not explicitly appear in Térngvist
(1936) but it is explicit in a follow up paper co-authored by Térnqvist; see Térngvist and Torngvist (1937). The
formula was derived in an instructive manner by Theil (1967; 136-137) and so it is also known as the Térnqvist-
Theil formula. Jorgenson and Nishimizu (1982) called the index the translog index. Diewert (1976; 118-129),
Diewert and Morrison (1986) and Kohli (1990) related Tornqvist price and quantity indexes to various translog
functional forms for cost, revenue and production functions.

% See Diewert (2014b) for a detailed explanation of the methodology and an application to US data. The land
data used in this earlier study was of lower quality than the land data used in the current study.
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(34) In QT(pt,le,qt,qu) = Zn:]_N (1/2)(Snt + Snt+1)|n (qnt+1/qnt)

where the cost share of input n in year t is defined as s, = pn'g./p"q" for n = 1,...,N. Note that
this index can be used to aggregate quantities as long as they are all positive even though
some prices may be negative.

The Tdrngvist quantity index was used to aggregate the nine types of capital services used by
Sector 1. Denote the aggregate chained Tornqvist quantity index of Jorgensonian capital
services and of predicted capital services for Sector 1 for year t by Q' and Qkp:'
respectively.®” The Tornqvist quantity index was also used to aggregate the nine types of
capital services and the one type of labour used by Sector 1. Denote the chained index for
year t using Jorgensonian and predicted user costs by Qxx' and Qxp:' respectively.*® Finally,
the year t levels of Jorgensonian and Predicted TFP are defined as follows:

(35) TFP1' = [Qua1/Quar™®) Qxn'Qxn™™] ; t=1960,...,2014;
(36) TFPp1' = [Qua17Qvar™ )/ Qxp17Qxes™ ] ; t=1960,...,2014.

The quantity and TFP series are plotted in Figure 11, along with the labour input series Q'
(normalized to equal 1 in 1960).

Figure 11: Sector 1 Indexes of Labour Quantity, and Alternative
Capital Services, Aggregate Input and TFP Estimates
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%" These series are normalized to equal one in 1960.
% These series were also normalized to equal one in 1960. The price and value of labour input for Sector 1 in
year t, P, and V.., are listed in Table 1. Define the quantity of labour used in Sector 1 in year t as Q' =
V. ,/P..". Thus we added P.;" and Q' to our user costs and capital stock quantities to form the overall chained
Tdrnqvist input quantity indexes.
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It can be seen that labour input into the Corporate Nonfinancial Sector grew fairly steadily to
a 2.11 fold increase in 2000 but then growth levelled off and fell to a 1.79 fold increase over
1960 in 2009 and 2010. Labour input has since increased to finish off at a 1.98 fold increase
over 1960 in 2014. We note that the price of labour has increased steadily (even through the
Great Recession period) to end up increasing 13.95 fold over the sample period. The
geometric average rate of growth of Q1" was 1.28% per year and the geometric average rate
of growth of P_1" over the sample period was 5.00% per year.

The quantity of Jorgensonian capital services increased 6.02 fold over the sample period
while the quantity of predicted capital services increased only 5.75 fold. The geometric
average rates of growth for these two measures of capital services were 3.38% and 3.29% per
year. This difference is surprisingly small considering how different the two sets of user costs
were. The price index of Jorgensonian capital services increased 6.37 fold over the sample
period while the price index of predicted capital services increased 6.68 fold. The geometric
average rates of growth for these two measures of capital services prices were 3.49% and
3.58% per year. One reason why there is so little difference between the two measures of
capital services is that land as a share of total capital services in Sector 1 is relatively small.*

Sector 1 Jorgensonian input Qx;:' increased 2.78 fold over the sample period while the
quantity of predicted capital services Qxp:' increased 2.74 fold.*® The geometric average rates
of growth for these two input measures were 1.91% and 1.89% per year. This is a very small
difference in growth rates. Sector 1 real value added Quai' grew 6.77 fold over the sample
period (geometric average rate of growth was 3.61% per year). Jorgensonian TFP in Sector 1,
TFPy', grew 2.43 fold over the sample period while predicted TFP, TFPpy', grew 2.47 fold.
The geometric average rates of growth for these two measures of Total Factor Productivity
were 1.66% and 1.69% per year, a surprisingly small difference.

Another surprise is the rather high overall rate of TFP growth that the Corporate Nonfinancial
Sector has been able to achieve over the 55 years in our sample. To see if there has been a
TFP slowdown over the past fifteen years, we computed decade by decade geometric average
rates of TFP growth.*! Using Jorgensonian estimates for input growth, the resulting decade by
decade averages were as follows: 2.57% (1960s), 1.22% (1970s), 1.51% (1980s), 1.99%
(1990s), 1.09% (2000s) and 1.71% (2010s) per year.* There is little evidence of a
productivity slowdown in Sector 1 using these sub-periods; the average TFP growth rate over
the last five years in our sample is 1.71% per year, which is slightly higher than long run
Jorgensonian average of 1.66% per year. However, if we consider the sub-period 2005-2014,
the geometric average was 0.88%, which is substantially lower than the long run average.®

We turn our attention to developing alternative measures of capital services and productivity
growth for Sector 2, the Noncorporate Nonfinancial Sector of the US private sector.

% Using Jorgensonian user costs, we find that the sample average input cost shares of labour, land services and
reproducible capital stock services in Sector 1 were 68.6%, 2.1% and 29.3%. The sample average cost shares of
residential, farm and commercial land (assets 5, 6 and 7) were only 0.05%, 0.17% and 1.85%.

“0 Note that Qxy;' and Qxe:' (and TFPy," and TFPp,") cannot be distinguished in Figure 11.

* The last “decade” covers only the years 2010-2014.

2 Using predicted user costs, the corresponding decade by decade geometric average rates of TFP growth in
Sector 1 were as follows: 2.59%, 1.26%, 1.49%, 2.02%, 1.16% and 1.72% per year.

3 See Diewert and Fox (2017) on potential sources of the productivity slowdown.
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Again, the Tornqvist quantity index was used to aggregate the fourteen types of capital
services used by Sector 2. Denote the aggregate chained Tornqvist quantity index of
Jorgensonian capital services and of predicted capital services for Sector 2 for year t by Qky.'
and Qe respectively.* The Térnqvist quantity index was also used to aggregate the fourteen
types of capital services and the one type of labour used by Sector 2. Denote the chained
index for year t using Jorgensonian and predicted user costs by Qxz' and Qxp,' respectively.*
Finally, the year t levels of Jorgensonian and Predicted TFP are defined as follows:

(37) TFP1' = [Qua2/Qva2™ ) Qx121Qx12™ " ; t=1960,...,2014;
(38) TFPp2' = [Qua2/Qvaz" )/ Qxp21Qxe2™ ] ; t=1960,...,2014.

These quantity and TFP series, along with the labour input series Q' (normalized to equal 1
in 1960), are plotted in Figure 12. The rates of input, output and productivity growth in Sector
2 are quite different from the corresponding rates in Sector 1 as can be seen by comparing
figures 11 and 12.

Figure 12: Sector 2 Indexes of Labour Quantity, and Alternative
Capital Services, Aggregate Input and TFP Estimates
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Labour input into the Noncorporate Nonfinancial Sector fell to 80.7% of its initial 1960 level
in 1972 but then grew fairly steadily to a 1.07 fold increase in 2000 over its initial level. Then

* These series are normalized to equal one in 1960 when they are listed in Table 13. The input price and
quantity series used in the index number formula for Q' and Qgp,' are the u,,' and u,,," listed in Tables 9 and
11 respectively and the corresponding quantity series Qo' are described in Table 5.

* These series were also normalized to equal one in 1960. The price and value of labour input for Sector 1 in
year t, P.,' and V., are listed in Table 2. Define the quantity of labour used in Sector 2 in year t as Q,,' =
V. ,/P.,". Thus we added P, and Q,,' to our user costs and capital stock quantities to form the overall chained
Tdrnqvist input quantity indexes.
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labour input growth grew rapidly to a 1.55 fold increase in 2007, fell to 1.44 in 2010 and then
slowly increased to finish up with a 1.51 fold increase over its initial level. We note that the
price of labour P.,' has increased steadily to end up increasing 12.67 fold over the sample
period. The geometric average rate of growth of Q' was only 0.77% per year (compared to a
1.28% geometric rate of increase for Q.1') and the geometric average rate of growth of P,'
over the sample period was 4.81% per year, which is close to the rate of increase for Py;'
(5.00% per year).

The quantity of Jorgensonian capital services increased 2.71 fold in Sector 2 over the sample
period (the Sector 1 increase was 6.02 fold) while the quantity of Sector 2 predicted capital
services increased 2.74 fold. The geometric average rates of growth for these two measures of
capital services were 1.86% and 1.88% per year (compared to 3.38% and 3.29% per year for
Sector 1). Again, this difference in average rates of capital services growth is surprisingly
small considering how different the two sets of user costs were.* The price index for
Jorgensonian capital services increased 17.94 fold over the sample period while the price
index of predicted capital services increased 17.75 fold (only 6.37 fold and 6.68 fold increases
for Sector 1 capital service prices). The geometric average rates of growth for these two
measures of Sector 2 capital services prices were 5.49% and 5.47% per year (the
corresponding rates for Sector 1 were 3.49% and 3.58% per year). Thus since land is a much
more important input in Sector 2 compared to Sector 1, the overall rate of growth in the price
of capital services in Sector 2 is much greater than in Sector 1.* Note that these rates of
service price increase for Sector 2 are higher than the rate of increase in wages for Sector 2,
which was only 4.81% per year.”® Looking at Figure 12, it can be seen that the level of
predicted capital services, Qxp2', bulged above the corresponding level of Jorgensonian capital
services, Qky', over the middle of the sample period but the two series were quite close near
the endpoints of our sample period.

Sector 2 Jorgensonian input Qx;' and predicted input Qxp,' increased 1.87 fold over the
sample period (the Sector 1 counterparts were 2.78 fold and 2.74 fold increases).*® The
geometric average rates of growth for these two input measures were both 1.17% per year
(1.91% and 1.89% for Sector 1). Sector 2 real value added Qyaz' grew 3.58 fold (6.77 fold for
Sector 1) over the sample period and the geometric average rate of growth was 2.39% per
year (3.61% for Sector 1). Jorgensonian TFP and predicted TFP in Sector 2, TFP;," and TFPp,),
both grew 1.91 fold over the sample period (2.43 and 2.47 for Sector 1). The geometric

6 However, the predicted asset price inflation rates are on average quite close to the average ex post asset price
inflation rates. Thus on average, the two sets of user costs are similar, giving rise to similar trends in the two sets
of capital service prices.

#" Using Jorgensonian and predicted user costs, we find that the sample average input cost shares of labour and
capital services were 56.7% and 43.3%. Using Jorgensonian user costs, the sample average cost shares of
residential, farm and commercial land services (assets 10, 11 and 12) were 7.51%, 4.44% and 2.43%. Using
predicted user costs, the sample average input cost shares for assets 10, 11 and 12 were 8.04%, 4.05% and 2.44%.
These input cost shares for land are low compared to the share of land assets in total asset value: the average
overall land share of total asset value was 51.6% while reproducible assets contributed 48.4% of total asset value.
The average shares of the three types of land in total asset value were 28.2%, 16.4% and 7.1%. The user cost
shares of capital services for land are lower than their corresponding asset value shares because the high land
price inflation terms dramatically reduce land user costs relative to their asset prices.

* These trends in the prices and quantities of labour and capital input into Sector 2 indicate the presence of
labour saving technical progress in this sector.

* Note that Qxy,' and Qxp,' (and TFP,' and TFPp,') can hardly be distinguished in Figure 12.
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average rates of growth for the two Sector 2 measures of Total Factor Productivity were both
1.21% per year (1.66% and 1.69% per year for Sector 1).

Another surprise is the rather high overall rate of TFP growth that the Noncorporate
Nonfinancial Sector has been able to achieve over the 55 years in our sample. To see if there
has been a TFP slowdown over the past fifteen years, we computed decade by decade
geometric average rates of TFP growth.*® Using Jorgensonian estimates for input growth, the
resulting decade by decade TFPy,' averages were as follows: 2.32% (1960s), 0.41% (1970s),
0.64% (1980s), 1.29% (1990s), 1.22% (2000s) and 1.81% (2010s) per year.>* Thus there is
little evidence of a productivity slowdown in Sector 2 using these sub-periods; the average
Jorgensonian TFP growth rate for Sector 2 over the last five years in our sample is 1.81% per
year, which is slightly higher than the corresponding Jorgensonian rate of 1.71% for Sector 1
over the past five years and higher than the long run Jorgensonian average of 1.66% per year
for Sector 1. However, if we consider the sub-period 2005-2014, the geometric average was
1.27%, which is substantially lower than the long run average.

Finally, we note that for the period 2000-2009, Jorgensonian TFP growth averaged 1.22% per
year while the corresponding predicted TFP growth averaged 1.37% per year. This is a
substantial difference. Thus, although for the most part Jorgensonian TFP growth rates based
on the use of ex post asset inflation rates are close to our preferred TFP growth rates based on
the use of predicted asset inflation rates, it can be seen that it is not always the case that these
rates are close.

In the following section, we look at what happens to the rate of return on assets and on
Jorgensonian TFP growth rates when we drop assets from the asset boundary.

7. Rates of Return and TFP Growth in Sector 1 with Alternative Asset Bases

Many national and international productivity data bases do not include money, inventories or
land in their asset base.®® Thus it is of interest to see what happens to rates of return on assets
and on TFP growth when these assets are dropped from the list of productive inputs.

Recall equations (17) and (19) in Section 5 which defined the year t nominal and real rate of
return on all nine assets used in Sector 1, r;' and Ry respectively. Modify equation (17) by
dropping asset 9 from the asset base, which gives rise to a new nominal and real rate of return
on the new asset base without monetary services, which we denote by rim' and Ry
respectively. Now modify equation (17) by dropping assets 8 and 9 from the asset base, which
gives rise to a new nominal and real rate of return on the new asset base without inventory
and monetary services, which we denote by rym' and Ry’ respectively. Finally modify
equation (17) by dropping assets 5-9 from the asset base, which gives rise to a new nominal
and real rate of return on the new asset base without land, inventory and monetary services,

%0 Again, the last “decade” covers only the years 2010-2014.

51 Using predicted user costs, the corresponding decade by decade geometric average rates of predicted TFP
growth, TFPp,', were as follows, with the corresponding Jorgensonian rates of growth in brackets: 2.28% (2.32),
0.39% (0.41), 0.49% (0.64), 1.35% (1.29), 1.37% (1.22) and 1.80% (1.81) per year. Note that the difference is
particularly large for the 2000s.

>2 See the EUKLEMS and World KLEMS data bases on line; European Commission (2011) and Jorgenson and
Timmer (2016).
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which we denote by ry ' and Ry m' respectively. The alternative nominal rates can be found
in Figure 13 and the alternative real rates of return can be found in Figure 14.

For each asset base, the value of capital services adds up to value added less the value of
labour input. Thus as we decrease the number of assets in the asset base, the nominal and real
rate of return on the remaining assets must increase and this fact is reflected in Figures 13 and
14. With all assets in the asset base, the average nominal rate of return on assets is 11.25%.
Dropping monetary holdings from the asset base increases the average rate of return to
11.60% and then dropping inventory stocks further increases the average rate of return to
12.97%. Finally dropping residential, farm and commercial land from the asset base further
increases the average rate of return on the remaining assets to 14.59% per year. Similarly,
decreasing the asset base causes the average real rate of return on the remaining assets to go
from 7.57% per year when all assets are included to 10.80% per year when money,
inventories and land are dropped from the asset base. Our conclusion here is that dropping
assets can substantially distort the estimated return on assets.

Recall that the year t Jorgensonian user costs uy,' for the nine assets used by Sector 1 were
defined by equations (30) in Section 5. These user costs involved the nominal rates of return
on assets for Sector 1, the r;". The user costs us " were used to form the Sector 1 Jorgensonian
year t capital services aggregate, Q.1', and the overall Sector 1 year t input aggregate, Qx:".
These input aggregates along with the Sector 1 output aggregates, Quai', were used to form
the year t Total Factor Productivity levels, TFPy", for Sector 1; see equations (35). When we
drop monetary assets from the list of assets, we obtain the new year t Jorgensonian balancing
nominal rate of return for year t, ri ', and this new rate of return can be inserted into
equations (30) for n = 1,...,8 in order to obtain new year t Jorgensonian user costs for Sector 1,
which we define as uyw,. These new user costs can be used to form new year t capital
services aggregates, Qxim', and new year t aggregate input indexes, Qxuw', for Sector 1. In a
similar fashion, when we drop both monetary assets and inventory stocks, we obtain the year t
capital services aggregates, Qxuwm', and the year t aggregate input indexes, Qxum', for Sector 1.
Finally, when we drop monetary assets, inventory and land stocks from the list of productive
assets, we obtain the year t capital services aggregates, Qi m', and the year t aggregate input
indexes, Qxiim’, for Sector 1. These alternative measures of aggregate capital services are
used to form the alternative TFP levels, TFP1y', TFPum' and TFPym'. These alternative
measures of (normalized) Jorgensonian capital services and TFP are plotted in Figure 15

along with the (normalized) measure of labour input for Sector 1, Q1"

It can be seen that there are some small differences in the growth of Jorgensonian capital
services for Sector 1 as we drop assets. With all assets included, capital services grew 6.026
fold; dropping money led to a 5.959 fold increase; dropping money and inventories led to a
5.706 fold increase and dropping money, inventories and land led to a 6.184 fold increase (see
the highest line on Figure 15). These small differences in the rates of growth of capital
services as we decrease the number of assets led to even smaller differences in the rates of
TFP growth. With all assets included, Jorgensonian TFP increased 2.433 fold and as we
dropped assets, there were 2.444, 2.478 and 2.416 fold increases in TFP over the sample

%% To recover the un-normalized Q.+, multiply the listed Q, ;' series by the value of labour input in Sector 1 for
1960, which is 180.4. To recover the four un-normalized capital services series, multiply Qxx', Qxim's Qum' and
Qkuim' by the Gross Operating Surplus for Sector 1 for 1960, which is 75.5.
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period for Sector 1. The corresponding geometric rates of growth were 1.661%, 1.668%,
1.695% and 1.647% per year so that all of these annual average TFP growth rates were within
0.05 of a percentage point. These differences are too small to show up in Figure 15.

Figure 13: Sector 1 Nominal Rates of Return on Alternative Asset Bases
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Figure 14: Sector 1 Real Rates of Return on Alternative Asset Bases
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Figure 15: Sector 1 Labour and Measures of Capital Services
and TFP with Alternative Asset Bases
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Dropping nonreproducible assets (or zero depreciation assets) from the asset base had a
significant effect on ex post rates of return on assets employed in the US Corporate
Nonfinancial Sector. However, dropping zero depreciation assets had a negligible effect on
overall rates of TFP growth for Sector 1. In the following section, we will see if the same
conclusions hold for the US Noncorporate Nonfinancial Sector.

8. Rates of Return and TFP Growth in Sector 2 with Alternative Asset Bases

Recall equations (26) and (27) in Section 5 which defined the year t nominal and real rate of
return on all fourteen assets used in Sector 2, r,' and R' respectively. Modify equation (26) by
dropping asset 14 from the asset base, which gives rise to a new nominal and real rate of
return on the new asset base without monetary services, which we denote by ra ' and Ra '
respectively. Further modify equation (26) by dropping assets 13 and 14 from the asset base,
which gives rise to a new nominal and real rate of return on the new asset base without
inventory and monetary services, which we denote by r,;»' and Ry ' respectively. Finally
modify equation (26) by dropping assets 10-14 from the asset base, which gives rise to a new
nominal and real rate of return on the new asset base without land, inventory and monetary
services, which we denote by ro; ' and Ry’ respectively. The alternative nominal rates can
be found in Figurel6 and the alternative real rates of return can be found in Figure 17.

It can be seen that dropping assets leads to significant increases in the measured rates of
return on the asset base. With all assets included, the Sector 2 average real rate of return was
9.03%; dropping money leads to a 9.49% rate of return, further dropping inventory stocks
leads to a 10.03% rate of return and further dropping land leads to a huge 19.68% average rate
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of return on the remaining assets. Again, our conclusion here is that dropping assets can
substantially distort the estimated return on assets.

Figure 16: Sector 2 Nominal Rates of Return on Alternative Asset Bases
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Figure 17: Sector 2 Real Rates of Return on Alternative Asset Bases
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Recall that the year t Jorgensonian user costs u,,' for the fourteen assets used by Sector 2
were defined by equations (32) in Section 5. These user costs involved the nominal rates of
return on assets for Sector 2, the r,' defined by equations (26). The user costs u,,,' were used
to form the Sector 2 Jorgensonian year t capital services aggregate, Qky', and the overall
Sector 2 year t input aggregate, Qx.". These input aggregates along with the Sector 2 output
aggregates, Qua', were used to form the year t Total Factor Productivity levels, TFPy', for
Sector 2; see equations (37). When we drop monetary assets from the list of assets, we obtain
the new year t Jorgensonian balancing nominal rate of return for year t, ro ', and this new rate
of return can be inserted into equations (32) for n = 1,...,13 in order to obtain new year t
Jorgensonian user costs for Sector 2, which we define as uow,,". These new user costs can be
used to form new year t capital services aggregates, Qkam', and new year t aggregate input
indexes, Qxom', for Sector 2. In a similar fashion, when we drop both monetary assets and
inventory stocks, we obtain the year t capital services aggregates, Qkaim', and the year t
aggregate input indexes, Qxav', for Sector 2. Finally, when we drop monetary assets,
inventory and land stocks from the list of productive assets, we obtain the year t capital
services aggregates, Qkouiv', and the year t aggregate input indexes, QxoLim', for Sector 2.
These alternative measures of aggregate capital services are used to form the alternative TFP
levels, TFP', TFPym' and TFP,um'. These alternative measures of (normalized)
Jorgensonian capital services and TFP are plotted in Figure 18 along with the (normalized)
measure of labour input for Sector 2, Q.,".**

Figure 18: Sector 2 Labour and Measures of Capital Services
and TFP with Alternative Asset Bases
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* To recover the un-normalized Q.,", multiply the listed Q,,' series by the value of labour input in Sector 2 for
1960, which is 76.6. To recover the four un-normalized capital services series, multiply Qxx", Qxom', Qkaiv' and
Qxzuim' by the Gross Operating Surplus for Sector 2 for 1960, which is 30.8.
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It can be seen that there are some large differences in the growth of Jorgensonian capital
services for Sector 2 as we drop assets. With all assets included, capital services grew 2.71
fold; dropping real monetary balances (which increased more rapidly than other assets,
particularly in recent years) led to a 2.49 fold increase in the remaining capital services;
dropping money and inventories led to a 2.52 fold increase and dropping money, inventories
and land led to a 3.57 fold increase in the remaining capital services (see the highest line on
Figure 17). Since land stocks grow more slowly than other capital stocks and since land is a
very large component of the Sector 2 capital stock, these results are not unexpected. These
large differences in the rates of growth of capital services as we decrease the number of assets
led to significant differences in the rates of TFP growth. With all assets included,
Jorgensonian TFP increased 1.91 fold and as we dropped assets, there were 2.00, 1.99 and
1.71 fold increases in TFP over the sample period for Sector 2. The corresponding geometric
average rates of TFP growth for Sector 2 were 1.21%, 1.29%, 1.28% and 1.00% per year.
Thus dropping land from the list of in scope assets significantly reduced the measured rate of
Jorgensonian TFP growth. Excluding money from the list of assets also had a significant (but
smaller) effect.

Our conclusion is that dropping zero depreciation assets will in general significantly increase
measured rates of return on assets. On the other hand, dropping zero depreciation assets will
not always significantly affect long run average rates of TFP growth for a sector but for land
intensive sectors, it is likely to significantly decrease measured long run average rates of TFP
growth.

9. Changing Shares and Inequality

There has been significant recent interest in the measured fall in the labour share of income
across many industrialised economies; the implication is that there has been a change in the
distribution of income as households have hetereogeneous assets, and skills which are not
equally substitutable with capital.> In this section we examine the issue of relative labour and
capital shares using our two sector data set. Specifically, we consider how the shares change
if we draw a distinction between value added and (net) income.

Our approach is based on that of Hayek (1941). Recall the expression of Jorgensonian user
cost for asset n from either (30) or (32): Umn' = [1+rm — (I+imn)(1-8mn)]Pkma, for sectors m
=1, 2. It is convenient for current purposes to express the user cost value, UCV, !, for asset n
in sector m in the following form:

(39) UCVm,nt = [rmt - im,nt+ (1+ im,nt)ésm,nt)]l:)Km,ntQKm,n.

Thus, for each asset n the user cost value, or capital services of asset n, can be decomposed
into the sum of the following terms: financing cost, or waiting services,® rm' Pkmn Qkmn, asset
revaluation, —imn' Pkmn'Qkmn, and depreciation, 8mnPkmn Qkmn. Pigou (1941) argued that
an appropriate measure of income is valued added less depreciation; this accounts for the
physical deterioration of assets used in producing consumption goods. It is hence an income
concept that emphasizes the maintenance of physical capital. Hayek (1941), however, argued

% See, for example, Karabarbounis and Neiman (2014), Bridgman (2014) and Cho, Hwang and Schreyer (2017).
% See Rymes (1968)(1983) on the concept of waiting services.
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that this would overstate income due to not taking into account the revaluation of assets from,
for example, foreseen obsolescence. Thus, Hayek’s is an income concept that emphasizes the
real financial maintenance of capital.

Bridgman (2014) and Cho, Hwang and Schreyer (2017) have examined the impact on relative
labour and capital shares of changing from a value added measure of income to a Pigou-type
of income by subtracting depreciation from value added. Here we highlight the Hayekian
concept of income, and thus also subtract asset revaluation to form our income measure.

That is, income is equal to the wage bill plus the capital stock times the ex post nominal rate
of return on this stock, or rm' Pxmn Qkmn rather than the full user cost value of (39). Hence
the difference between value added and this income measure is the value of depreciation and
asset revaluation.

A comparison of nominal value added with Hayekian and Pigouvian nominal income is
provided in Figure 19 for Sector 1.°” It can be seen that nominal value added is generally
higher than nominal income, especially since 2007. Comparing the Hayekian and Pigouvian
income measures, it can be seen that the Hayekian measure is typically larger, due to positive
asset revaluations in most years, and more volatile. With depreciation rates evolving relatively
smoothly,®® changes in prices of residential and commercial land in particular appear to drive
much of this difference in volatility, especially around 2008.

The share of capital services in value added is the user cost value of (39) summed over all
assets and divided by nominal value added. These shares are plotted in Figure 20.%° The
greater volatility of nominal Hayekian income seen in Figure 19 is reflected in the capial
income shares in Figure 20.°* The generally lower capital shares in either Hayekian of
Pigouvian income indicate less inequality than implied by the corresponding value added
shares. In terms of long-term trends, the share of capital services in value added goes from
0.295 in 1960 to 0.367 in 2014 (a 24% increase), while our preferred share of capital in total
Hayekian income goes from 0.179 in 1960 to 0.283 in 2014 (a 58% increase). Thus, while all
capital shares have grown, the Hayekian income share has grown more, although with much
higher year-on-year volatility. This somewhat strengthens the view of long-term increasing
inequality through a shift in the relative distribution of income from labour to capital.

The corresponding results for Sector 2 are shown in figures 21 and 22.°* From Figure 21 we
again see the increased deviation between value added and income from 2007. As for Sector 1,
the shares in Figure 22 indicate less inequality using income shares compared to value added
shares. In terms of long-term trends, the share of capital services in value added goes from
0.287 in 1960 to 0.504 in 2014 (a 76% increase), while the share of capital income in total
Hayekian income goes from 0.209 in 1960 to 0.472 in 2014 (a 125% increase). Hence, while
all capital income shares have grown, the Hayekian income share has grown more. Thus,

57 Jorgensonian ex post rates of return are appropriate in this context; see Section 5.
%8 See Appendix A8 of Diewert and Fox (2016).

% See tables Al and A9 of Diewert and Fox (2016).

% The value added shares are the same as those in Table 1.

81 |_abour shares are of course a mirror image of these capital shares.

%2 The value added shares are the same as those in Table 2.
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evidence for Sector 2 also strengthens the view of increasing inequality through a shift in the
relative distribution of income from labour to capital.

Figure 19: Sector 1 Nominal Value Added and Nominal Income
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Figure 20: Sector 1 Capital Shares of Value Added and Income
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Figure 21: Sector 2 Nominal Value Added and Nominal Income
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Figure 22: Sector 2 Capital Shares of Value Added and Income
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10. Conclusions

A number of tentative conclusions can be drawn from the above analysis:

1.

The technologies used in the Corporate Nonfinancial (Sector 1) and Noncorporate
Nonfinancial (Sector 2) sectors are quite different. Sector 1 uses reproducible assets
quite intensively while Sector 2 uses land and structure assets quite intensively.

Total Factor Productivity growth in our two sectors over the years 1960-2014 has been
excellent: the TFP growth rate for Sector 1 averaged 1.66% per year using
Jorgensonian user costs (1.69% per year using predicted user costs) and 1.21% per
year for Sector 2 using both sets of user costs. These are very high average rates of
TFP growth over such a long period, even though there has been a significant
productivity slowdown over 2005-2014, especially for Sector 1.

Average real rates of return on productive assets employed have been quite high in
both sectors. The average annual real rate of return was 7.6% per year in Sector 1 and
9.0% per year in Sector 2. There is no indication of a long run slowdown in these rates
of return (but there have been massive short run fluctuations in these rates).
Jorgensonian user costs use actual ex post asset inflation rates in place of predicted
asset inflation rates and as a result, Jorgensonian user costs are volatile and frequently
negative if land assets are included in the asset boundary. These user costs are not
suitable for many analytical purposes. Our predicted asset inflation rates generated
relatively smooth user costs that could be used in production and cost function studies.
However, Jorgensonian user costs are the right type of user cost to use when
calculating ex post rates of return on assets employed.

Somewhat surprisingly, Jorgensonian and predicted user costs can give rise to rates of
growth of capital services and Total Factor Productivity that are very close to each
other. Thus for Sector 1, we found that the long run average geometric rate of capital
services growth generated by the alternative user cost approaches were 3.38% and
3.29% per year for Sector 1 and 1.86% and 1.88% per year for Sector 2. The resulting
alternative annual rates of TFP growth were 1.66% and 1.69% per year in Sector 1 and
1.21% per year using both Jorgensonian and predicted user costs for Sector 2. These
differences are not large.

Dropping assets from the asset base can lead to very large biases in the measured rates
of return on assets employed. Dropping land, inventory and monetary balances from
the list of assets in scope increased the measured average ex post real rate of return on
assets from 7.6% to 10.8% per year for Sector 1 and from 9.0% to 19.7% per year for
Sector 2.

Dropping assets from the asset base can lead to little change in measured TFP growth
rates or it can lead to significant changes. Thus the Jorgensonian average TFP growth
rate for Sector 1 changed from 1.66% per year with all assets in the base to 1.65% per
year, after land, inventories and real monetary balances were dropped from the list of
assets. On the other hand, the Jorgensonian average TFP growth rate for Sector 2
changed from 1.21% per year with all assets in the base to 1.00% per year after land,
inventories and real monetary balances were dropped from the list of assets. This is a
significant change.

Our data are subject to a considerable degree of uncertainty. Hopefully, in future years,
the BEA in cooperation with the BLS, the USDA and the Federal Reserve Board of
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Governors will be able to improve the quality of the underlying data. In particular, we
note that our land and labour data are weak and we are missing data on resource stocks.

9. More research is needed on choosing appropriate predicted asset inflation rates.

10. Using (net of depreciation and asset revaluation) income is more appropriate than
value added for examining changes in the relative distribution of income between
labour and capital, with potentially different results relating to the extent of changes in
inequality.
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