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Abstract

Many applications in economics use multi—sector versidrth® growth model. In this
paper, we measure the income shares of capital and labae aetoral level for the U.S.
economy. We also decompose the capital shares into the exsbares of land, structures,
and equipment. We find that the capital shardBediacross sectors. For example, the
capital share of agriculture is more than two times that ostmction and more than 50%
larger than that of the aggregate economy. Moreover, dgrieuhas by far the largest land
share, which mostly explains why it has the largest capitates Our numbers can directly
be used to calibrate standard multi—sector models. Altsalg, if one wants to abstract
from differences in sector capital shares, our numbers can be usstalbdish that this is
not crucial for the results.
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A termelési tenyeDk jovedelemeszesedsnek
szektor szintl merese

Akos Valentinyi
Berthold Herrendorf

Osszefoglab

Szamos kozgazdasagi munka a neoklasszikus novekeubeell tobb szektoros valtozatat
hasznalja. Ebben a tanulmanyban a téke &s a munka szt jovedelemrészesedését
mérjuik az Egyesiiillamokra. A téke jovedelem részesedét felbontjukf@&puiletek és gépek
részesedésére. Munkank soran azt talaltuk, hogger€szesedése jelentdésen kulonbozik szek-
torok kozott. Példaul, a tbke réeszesedése a meztagagban tobb mint kétszer akkora, mint
az epitéiparban és 50%—kal magasabb, mint a gazdgésgéaben. Szamaink kdzvetlenil fel-
hasznalhatbak a tobb szektoros modellek paramétd&mibralasara. Ha pedig valaki el akar
vonatkozatni a tbke jovedelemrészesedésének spéltozotti kulonbségétdl, akkor szamaink
felhasznalhatbk annak megallapitasara, hogy mzeiges-e vagy sem.

Targyszavakinput—output tablak; teljes raforditas matrixnyezo részesedés
JEL: O41; 047
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1 Introduction

Many questions in economics require the disaggregatiananteast two sectors. For exam-
ple, trade theorists distinguish between tradables anttaxtables, growth theorists between
consumption and investment, and development economisigebe agriculture and nonagri-
culture. This raises the question what production funetiame should use at the sectoral level.
Our purpose in this paper is to measure the factor incomesstarthe sectoral level for the
U.S. economy.

We consider the model sectors agriculture, manufactunesiouption, services, equipment,
and constructiod. The advantage of considering these five sector is that we garegate
them to the dferent multi—-sector models typically employed in the litara: tradables ver-
sus nontradables (tradables comprise agriculture, metué consumption, and equipment
and nontradables comprise services and constructionyuogption and investment (consump-
tion comprises agriculture, manufactured consumptiod,s&mvices and investment comprises
equipment and construction); agriculture and nonagticel{nonagriculture comprises manu-
factured consumption, services, equipment and consbrnj¢tagriculture, services, and manu-
facturing (manufacturing comprises manufactured consiompconstruction, and equipment).

Constructing the model sectors from the data is more chgiligrthan it may seem at first
sight. The reason is that sectors in multi-sector modelgdllp use only capital and labor
to produce final output. In contrast, industries in the da&iatermediate inputs, capital, and
labor to produce intermediate inputs for other industries nal output. Moreover, industries
in the data may produce more than one commodity afferént industries may produce the
same commodity. Establishing a mapping between industriéise data and sectors in the
model therefore requires additional information aboutlfmput, value added, intermediate
goods, intersectoral linkages through intermediate goadd factor incomes at the industry
level. The benchmark input—output (I0) tables publishedhayBureau of Economic Analysis
(BEA) offer most of this information. When necessary, we use additidata from the BEA,

the Bureau of Labor Statistics (BLS), and the U.S. DepartraeAgriculture (USDA).

1The methodology we will develop in this paper works equalsiivior any other sector choice.



We start by measuring the capital and labor shares in ingduatue added. The capital and
labor shares of the model sectors are then the aggregates shares in the industry outputs
that belong to this sector, both as intermediate inputs andalue added. We show how to
carry out this aggregation with the help of the Industry-Bgmmodity Total Requirements
Matrix published by the BEA.We find that the capital sharedidir across sectors. The largest
capital share is in agriculture, followed by manufacturedsumption, services, equipment,
and construction. Moreover, the capital share of agricelis more than two times that of
construction and more than 50% larger than that of the ag¢gezronomy.

We also aggregate our five sectors to measure the capitaissbiathe common two—sector
splits. We find that the capital share is larger in agricattiran in nonagriculture, larger in
consumption than in investment, and larger in tradables tlwatradables. Our finding about
the capital shares of consumption and investment confirnas Ghari et al. (1996) and Hitman
and Wynne (1999) found. Our finding about the capital sharésadables and nontradables
confirms the claim Obstfeld and Raj¢1996) made in chapter 4 and it contradicts the claim of
Stockman and Tesar (1995). If we value U.S. exports and itejpath at the port of respective
exit, we also find that exports have a larger capital shameithports.

We go beyond measuring the capital and labor income shaths aectoral level and ask
why agriculture has the largest capital share. The likehsoa is that it has the largest land
share. Since we are not aware of hard estimates of the laneksioa our five model sectors, we
provide such estimates by decomposing the sector capaasinto the factor shares of land,
structures, and equipment. To achieve this, we combinefdatathe BEA, the BLS, and the
USDA with information from Davis and Heathcote (2004) abthét market value of residential
land, the replacement cost of residential structures, hagtice indices for residential land
and residential structures. We find that, indeed, the laadesim agriculture is larger than in
other sectors. Furthermore, if we take the land share oen the remaining capital share in

agriculture is close to the economy—wide average.

2Total requirements matrices show the relationship betvigeh uses and gross output. The Industry—by—
Commodity Total Requirements Matrix shows the productialugs required by the flerent industries to deliver
a unit of each commodity to final users.



It is common practice to use the economy—wide capital shaanaapproximation for the
sector shares. Our findings show that the sector factor slaaeediterent from the aggregate
capital share. This suggests that users of multi—-sectoete@ho abstract from theftierences
in sector capital shares should make sure that this doegimetteir results.

Our work is closely related to that of Bernanke and Gurk&y(2®€01) and Gollin (2002),
who found that across countries the aggregate capital slaaerage about one third and are
uncorrelated with income. To split proprietors’ income, uge a similar methodology as they
did. It is reassuring that we find the same aggregate capitaksfor the U.S. as they did.
Our work is also related that of Bentolila and Saint-PauD@&0Q Young (2006), and Zuleta and
Young (2007), who studied the evolution of the labor shartatindustry level. Specifically
Bentolila and Saint-Paul (2003) looked at the labor sharésd value added of the 13 industries
in the business sectors in 12 OECD countries during 1972r@¥aung (2006) and Zuleta and
Young (2007) looked at the labor shares of 35 industriesiealdded in the U.S. during 1958—
96. In other words, these studies focussed on the factoeslmindustry value added and so
they had nothing to say about the factor shares at the selgeehon which we focus here.

The paper is organized as follows. In section 2, we explagnntlapping between multi—
sector models and the data. In Sections 3 and 4, we measwagit@ shares in industry value
added and in the final output of the model sectors. In SectioveSplit the capital shares into
the shares of land, structures, and equipment. Sectiorc@sties the robustness of our findings

and dfers three extensions. Section 7 concludes.

2 The Mapping Between Multi-Sector Models and the Data

Applied economists often assume that the sectoral prantuftinctions are similar to the ag-
gregate production functions. Perhaps the most commomgéin is that sector j's output is
produced from the primary production factors capital afmbfaaccording to a Cobb—Douglas
production function:

% = Ak, (1)

J



Herey; denotes the dollar expenditures on the output of seictord p; denotes its price, so
y;j/pj is the real output of sectgr Moreover,A; denotes total factor productivity in sectprk;
capital,h; labor, and); the capital share.

This paper is about the values @f wherej € {A,M,S, E,C} and the five letters stand
for agriculture, manufactured consumption, servicesjpmqgent, and construction. As most
standard aggregate production functions, the sectoralygtamn function (1) does not have
intermediate inputs. For aggregate production functitims justification is obvious because
ultimately intermediate inputs are produced from the prinpaoduction factors capital and la-
bor3 For sectoral production functions, the justification is mmvolved because intermediate
goods used in a sector are typically produced in other sgatdrich themselves use intermedi-
ate goods produced in yet other sectors. In other wordduasrdted by the figure in Appendix
A.1, the use of intermediate goods leads to a whole chaintefsactoral linkages that we have
to take into account. Writing a sectoral production functod the form (1) implicitly assumes
that capital and labor are reallocated among the sectorscim @ way that each sector itself
produces the intermediate inputs it uses directly or irdiye The capital share® then reflect
the capital inputs in the production of sector j’'s value atlded in all intermediate inputs used
directly or indirectly by sector j.

The previous discussion implies that measuring sectooirfaitares requires information
about value added and about intermediate inputs used Igliceéhdirectly. The benchmark 10
tables published by the BEAfi@r this information at the three or four—digit industry levie
order to employ them, we need to establish a mapping betvieeimdustries of the IO tables
and the five model sectors. This is challenging not only beeaid the interindustry linkages,
but also because industries often produce more than one diskeatent industries produce the
same good, and most industries produce both final and intkateegoods. The figure in
Appendix A.1 illustrates this in a stylized way.

One might think that we could also bring to bear other datacgsusuch as the national

income and product accounts (NIPA). Unfortunately theda daurces do not tell us where

3Most applications abstract from imported intermediateitsp
“4Total industry output equals the final output and the intefiate goods produced in the industry.



intermediate inputs are produced and where they are use¢kdouVihis information, we cannot
take into account the interindustry linkages that the usetefmediate inputs implies.

The key concepts for mapping industries of the 10 tablestimosectors of our model are
the Use and the Make Matrix as described by the United Natsasstics Division’s System
of National Accounts 1993.To explain their roles, we use the language and the notafion o
the BEA to the extent possible. Let therebeommodities anah industries. LetB denote the
(zxn) Use Matrix® Rows are associated with commodities and columns with tnigss entryi j
shows the dollar amount of commodityhat industrie§ uses per dollar of output it produces.
Let W denote therf{ x Z) Make Matrix. Rows are associated with industries and cokim
with commodities: entryj shows for industry which share of one dollar of commodifyit
produces. Let denote thedx 1) commodity output vector. Each element records the sum of
the dollar amounts of a given commodity that are deliverdthed uses and to other industries
as intermediate inputs. Lefdenote ther{x 1) industry output vector. Elementecords the
dollar amount of output of industiiy Lastly, lete denote theZx 1) vector of dollar expenditure
for final uses. Elementrecords the final uses of commodity

Two identities link these matrices and vectors:

g=Bg+e (2)

g=Wa. 3)

The first identity says that the dollar output of each comnyoelijuals the sum of the interme-
diate goods used by theftirent industries plus the final uses of that commodity. Tlerse
identity says the dollar output of each industry equals thme ef that industry’s contribution to
the outputs of the dierent commodities. To eliminatgfrom these identities, we substitute (3)
into (2) to obtaing = BW(q + e. We then solve this expression fqrand substitute the result
back into (3). This gives:

g=W(l - BW)'e (4)

SFor further explanation see ten Raa (2005) and Bureau ofdo@Analysis (2006). For a critical discussion
of the methodology used see Krueger (1999).
SMatrices and vectors are in boldface throughout the paper.
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W(I — BW) ! is called the Industry—by—Commodity Total RequirementgriMa Rows are
associated with industries and columns with commoditietrydj shows the dollar value of
industryi’s production that is required, both directly and indirgctb deliver one dollar of
commodity]j to final use. The BEA publishes this matrix ready for us to use.

We now turn to the five model sectors. Let the vectgnecord the final dollar expenditures
on the commodities that belong to seciar {A, M, S, E, C}. We will explain in section 4 below
how we obtain these vectors. For now, let us assume that weethawm already. The dollar
value of sectorj’s output is then given by; = 1’y; and the dollar value of GDP is given by
y = I’ewherel’ is a row vector of ones.

We are now ready to establish the relationship between #terseapital shareg; we are
after and the industry capital and labor incomes that we ceasnre using the 10 table. We
begin by noting that the vectaW(I — BW)™ty; tells us how much of each industry’s output is
required to produce the final expenditure vedtprLet i anday; denote the capital and labor
income generated per unit of indusity outputg;. In order to obtain all payments to capital
that result from the production of the expenditure vegtomwe need to multiply the payments
to capital per unit of industry output with the required isthy outputs, sum up and divide the
result by the total payments to capital and labor:

a ’W(l - BW)_lyj

91 = (o + aw)W( = BW) 1y,

()

Recall that the BEA fiers the matriXxW(I — BW)™. So, we only need to measure the capital
and labor incomeg anday, per unit of industry outputs and we need to construct the final
expenditure vectorg; for the model sectors. We do this in sections 3 and 4 below.

We should mention that expression (5) works for any final egjere vector, not just for
y; with j € {A/M, S, E,C}. For example, to obtain the capital share in GDP, we just lise t
vectore of total final expenditure:

a’W(l - BW)te

0= .
(ak + an)W(l — BW)-1e




3 Income Shares of Capital in Industry Value Added in the

Data

In this section, we measure the components of the veaiprand a,. This involves mea-
suring the capital and labor incomes in industry value admiedl dividing them by industry
output. We employ the most recent benchmark 10 tables, waielfrom 1997 and contain
four—digit industry data. The IO tables break down industalue added into indirect business
tax and nontax liabilities, compensation of employees, gnods operating surplus (or other
value added). Note that the category indirect businessrtdxantax liabilities contains subsi-
dies. Note too that gross operating surplus is calculatédeasesidual after indirect taxes and
nontax liabilities have been paid and labor has been comapeshsso by construction it contains
depreciation.

Under perfect competition, the share parameters of th@ségiroduction functions (1)
equal the income shares of capital and labor in output netdifact taxes and nontax liabil-
ities.” We therefore subtract indirect taxes and nontax liabdifiem industry value added
and measure the payments to labor and capital in the reguléhvalue added. The entire
compensation of employees unambiguously is labor incondegapss operating surplus mi-
nus proprietors’ income unambiguously is capital inconmecdntrast, proprietors’ income (or
other gross operating surplus — noncorporate) has a capitibh labor component. For exam-
ple, if a restaurant owner manages his restaurant, thenanprisprietor who receives income
from both the capital he owns (kitchen equipment, bar, furei etc.) and the labor he puts in.
This presents us with two questions: Which part of each itrgissgross operating surplus is
proprietors’ income? Which part of each industry’s profmis’ income is capital income?

Since the 10 tables do not report proprietors’s income, we tinthe GDP—-By—Industry Ta-
bles of the BEA. These tables report proprietors’ incoméatwo—digit level of the Standard

Industrial Classification (henceforth SIC) for 1997 brokkawn into the following four cate-

"This is not the case when wages are determined through tiedlegage bargaining as in many European
countries; see Bentolila and Saint-Paul (2003) for furttiecussion. Since our focus here is the U.S. where
unions are relatively weak, we use the benchmark perfecpetition.



gories: Proprietors’ Income without Inventory Valuatiodjastment and Capital Consumption
Adjustment; Rental Income of Persons without Capital Camstion Adjustment; Proprietors’
Income Inventory Valuation Adjustment; Capital Consuropthllowance, Noncorporate Busi-
ness, and Consumption of Fixed Capital, Housing and Nongrddiitutions Serving House-
holds. The first two categories have both capital and labawrite components, whereas the
last two categories belong entirely to capital income. Wiime abuse of the language, we call
the sum of the first two components proprietors’ income fraw on.

Before we can calculate the share of proprietors’ incomeasgoperating surplus, we need
to address that the GDP-by—Industry Table report owneryed housing as part of the real
estate industry whereas the |10 tables report owner—ocdinoiesing separately. Thus, we have
to split rental income into the part coming from owner—odedpgousing and the part coming
from the real estate industry. We calculate the rental ireofmowner-occupied housing as a
fraction of total rental income using data for 1997 from ®abl9., Rental Income of Persons
by Legal Form of Organization and by Type of Income of the BHAe rental income for
owner—occupied housing then follows as the product of #hi® rand the total rental income
in the GDP—-by-Industry Table. The rental income for the eséhte industry without owner—
occupied housing follows as the residual.

Since the value added data in the 10 tables is at the fourddig! using the NAICS in-
dustry classification whereas in the GDP-by-Industry Tablevo—digit level using the SIC
industry classification, we need to map these two tablessiath other. We do this in the natu-
ral way by assigning to each four—digit industry of the 10léstthe proprietors’ income share
for 1997 of the corresponding two—digit industry in the GDlP—Industry Table. In doing so,
we follow the guide of the U.S. Census Bureau about mappi@grglustry codes into NAICS
codes.

To answer which part of each industry’s proprietors’ incomeapital income, we adopt
Gollin’s (2002) economy—wide assumption at the industwgleSpecifically, we first calculate
the share of capital income in the industry’s value addedusproprietors’ income. We then

assume that this capital share also applies to the indagirgprietors’ income. Formally, this



gives®

com 1
axi = (gos — roiy | —, 6
ki (g com + gos — projg P J(I)) o] ©)
com 1
ani = (com + rojg) | —- /
" ( com + gos - proyg ’(") 9 @

Recall from the previous section that anday; are the capital and labor income per unit of
industryi’s outputg;. The new symbols argos and com, which stand for gross operating
surplus and the compensation of employees of industoreover,pro;; denotes the propri-
etors’ income in the two—digit industryfi) that corresponds to the four—digit industry

Many authors use the capital shares in industry value adslptbaies for the capital shares
in final uses of industry output. In this paragraph, we digiEghtly and evaluate how good
this approximation is. The capital share in industry valdeeal just equals,;g;/(com + gos)
with ay; given in (6). The capital share in final uses of industry oufpliows from formula
(5) with the vectory; replaced by the vector of final uses produced by industfgure 1 plots
the result where quantities are in producer prices. The kelyfg is that industries with capital
shares in value added close to the economy—wide capitaéslwdr0.33 have capital shares
in final uses close to 0.33. In contrast, industries with ed@hares in value added below
(above) the economy—wide capital share tend to have hi¢dheel) capital shares in final uses
of industry output than in value added. The fact that thege sgstematic dierence between
the two capital shares implies that taking the former as anceqmation for the latter leads to

systematic errors. This suggest that our exercise has s@mne’m

8In Section 6.1 below, we will establish that our findings wbabt change much if we used instead the BLS
estimates for the capital and labor shares of proprietocgine. Since these estimates are not publically available
though, we do not to use them in the main part of the paper.

A possible explanation for the systematidfelience is that most industries use a broad set of interneediat
inputs that together have an average capital share clobe scbnomy-wide capital share.



Figure 1
Capital income shares in industry value added and in final use of industry output (in
producer prices)

Ly
o

o o
o o]
] ]

Capital share in final expenditure on industry output
o
N
1

I ! I ! I I !
0 02 03304 0.6 0.8 10

Capital share in industry value added

4 Income Shares of Capital at the Sectoral Level

In this section, we construct the final expenditure vecyprsf our five model sectors. Recall
that the entry of vectory; reports the expenditures on final uses of commaditat belong to
sectorj with j € {A, M, S, E, C}. Sector outpuj’s output follows by summing the components
of yjiy; = 1.

We first construct the four sectors nontradable consumgservices), nontradable invest-
ment (construction), tradable consumption (agricultues pnanufactured consumption), and
tradable investment (equipment). We then split tradabtsgmption into agriculture and man-
ufactured consumption. In order to construct the four sectwe need to identify in the data
whether a delivery of a commaodity to final uses is for consuompdr investment purposes and

whether that commaodity is tradable or nontradable.
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We start with consumption and investment. The consumptéator contains all final uses
of each commodity for consumption purposes and the invegtueetor contains all final uses
of each commaodity for fixed investment (personal and govemtjrand changes in private in-
ventories. The sum of the components of each of these twongsatid up to the total consump-
tion and investment expenditures. We emphasize that mdasines deliver to final uses for
both consumption and investment purposes, as the figure pegx A.1 illustrates. For ex-
ample, cars sold to firms are counted as investment whereasald to consumers are counted
as consumption. Consequently, there is no sense in whidte émtustries are consumption
or investment industries and so the consumption and inegteectors will not correspond to
mutually exclusive sets of industries.

The BEA does not split net exports between consumption aresiment. We assume that
the consumption and investment shares in the net exports@hanodity equal the consump-
tion and investment shares in the not exported output of dnencodity. This splits GDP into
consumption and investment.

We continue by splitting GDP into nontradables and tradalSi&\Ve assume that nontrad-
able investment equals the deliveries to investment obalimodities classified as construction
(two—digit code 23) and tradable investment equals theelidis to investment of all other com-
modities. We assume that nontradable consumption equeésrgunent consumption and the
deliveries to consumption of utilities (two—digit code 22)d services (three—digit codes larger
or equal to 420). We assume that all other deliveries to acopsion are tradable. The tradable
sector constructed in this way produces 81% of all commeslithat the U.S. actually exports
and 99% of the commodities that the U.S. actually importse @iscrepancy comes from the
fact that the U.S. also exports services, which for lack dfdoenformation we have classified
as nontradable here.

Lastly, we split tradable consumption into agriculture amahufactured consumption. We

assume that agriculture is tradable consumption expeedittn commodities with a two—digit

10To avoid confusion, note that exports and imports refer éoghods the U.S. actually trades with the rest of
the world whereas tradables refer to the goods the U.S. gaririaiple trade with the rest of the world.

11



code 11. Manufactured consumption is the remaining experedi on tradable consumptiéh.

This completes the construction of the five final expenditeetorsy;, | € {a,m,s e,

c}, so we now have all components of the right-hand side of ese (5). Before we can
calculate sector capital shares, we need to decide whédtagrshiould be in producer prices
or in purchaser prices. A quantity in purchaser prices exjtred quantity in producer prices
plus the distribution costs for this quantity. This holds & commodities except distribution
services. Distribution services include transportatiosts (i.e. rail, truck, water, air, pipe and
gas pipe transportation) and trade margins (i.e. wholesaderetail trade). The BEA reports
all of these categories for each final use vector and for eaninmwdity. The Use Matrix in
purchaser prices treats distribution costs as intermediauts. In contrast, the Use Matrix in
producer prices treats distribution costs as final expareiton distribution services that are
reported as part of the final output of the transport indestand the trade industries. In this
section we report sector capital shares in producer pritesubsection 6.3, we will report
capital shares in purchaser prices.

Table 1 reports our findings on capital income shares in predprices. The largest cap-
ital share is in agriculture, followed by manufactured agngtion, services and equipment
investment, and construction. Moreover th&atences between these sector capital shares are
sizeable: the capital share in agriculture is more than tebaahalf times that of construction
and more than 50% larger than that of the aggregate econoamye T also reports the capi-
tal shares when we aggregate the sectors to the three mosta@omulti—sector splits. First,
agriculture is more capital intensive than non—agricelt®econd, consumption is more capital
intensive than investment. This confirms the findings of Cagal. (1996) and Hfiman and
Wynne (1999). Hfman and Wynne (1999) took the short cut of categorizing emtidustries
as either consumption or investment. Chari et al. (1996pviadd similar steps as we do to
construct the consumption and investment secfofdird, tradables are more capital intensive

than nontradables, which confirms the claim of chapter 4 oftfeldl and Rogfi (1996) and

Note that the agricultural industries also produce sontatske investment, typically in the form of inventories
of agricultural goods.

2This is explained in an unpublished appendix, which brotgltur knowledge after we had submitted the
first version of our paper.

12



Table 1
Capital income shares at the sectoral level (in producer pges)

Agriculture (A) 0.54
Manufactured consumption (M)0.40
Services (S) 0.34
Equipment investment (E) 0.34
Construction investment (C) | 0.21
Agriculture (A) 0.54
Manufacturing (M-E+C) 0.33
Services (S) 0.34
Consumption (AM+S) 0.35
Investment (&C) 0.28
Tradables (AM+E) 0.37
Nontradables (£C) 0.32
Agriculture (A) 0.54
Nonagriculture (M-S+E+C) 0.33
GDP (A+M+S+E+C) 0.33

13



contradicts the claim of Stockman and Tesar (1995).

Two features of our findings deserve further discussiorstfine capital share in construc-
tion comes out very low, making construction by far the mastor—intensive sector. Con-
struction in the U.S. has traditionally been among the maginized industries. According
to the Census, average hourly wages in construction arevgloatdarger than in comparable
industries such as manufacturing and in transportationnareéhousing® Our assumption of
competitive factor markets may therefore be a bit of a dtrgcthe construction industry. Sec-
ond, the largest capital share is in agriculture. Given ¢hgital comprises land (in addition to
equipment and structures), the reason may be that agreuias a large land share. We are

going to explore this possibility now.

5 Income Shares of Land, Structures, and Equipment in the
Model Sectors

Our aim in this section is to break down the sector incomeeshaf capital into the sector
income shares of land, structures, and equipment. To aehies, we need to break down
the capital incomey,; generated per unit of each industiy outputg; into a;i, api, andae;.'*

Applying the same logic that underlies expression (5), ¢fives expressions for the income

shares of land, structures, and equipment for our five maatbesj € {A, M, S, E, C}:

a’W(l - BW)_lyj

= {aw + an)W(T - BW) Ty, ©
B ay W(l — BW)_lyj

1= e + an )W - BW)-ly;’ ®)
'W(I - BW)y,

e ae’W( )Y (10)

°1 7 (@ + an)W(I - BW) 1y;’

where we used that,, = @i + ap + e

3The data is at httwww.census.ggizompendigstataltableg07s0618.xls. We thank a referee for pointing
this out to us.

14Note that we use the subscrip{as in buildings) for structures because the subseriptalready taken for
services.
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The BEA does not repoi;;, ay, andae. We therefore turn to the Capital Income (ClI)
table of the BLS, which reports the incomes of land, strieguequipment, and inventories for
all business industries at the three—digit level. We grawemtories together with equipment
and call the resulting category equipment. To decomp@sat the four—digit industry level,
we assume that the composition of capital income in the fligitindustryi in the 10 tables is

the same as in the corresponding three—digit indugtyyn the Cl table, so we havé:

i

i = 4y, (11)
%10)
i

ap = =2 gy, (12)
310
Qo

e = — gy (13)
N10)

This general procedure works for all but seven industriebe first special case is the
farm sector with its two industries animal production angicproduction. The BLS attributes
the income from rented farm land to the farm sector wheread@htables attribute it to the
real estate sector, (from which the farm sector is assumednbthe land). We therefore
need to change the CI table and take the income from rentedlfand out of the farm sector.
The second special case is owner—occupied housing, whecBEA has as part of the service
sectort® Since the BLS restricts its attention to the business seittdoes not cover income
from owner—occupied housing. We therefore need to impuectpital incomes in owner—
occupied housing. The third special case is real estatefirBhadjustment here is that we need
to include the income from rented farm land. The second &dgist is that we need to split
what the BLS calls "rental residential capital” into landiustures, and equipment. The last
special case is the government sector with its three inegsBovernment Enterprises, State
and Local Government Enterprises, and General Governmduostry. Again the BLS does
not cover these industries because they are not part of giedss sector.

We start with the first special case which requires us to thkartcome from rented farm

Bnttpy/www.bls.goymfp/home.htm ffers details about the data and how they are constructed.
ftp://ftp.bls.goypulyspecial.requestspymp/prod3.capital.zip fiers the database itself.
18Note that the BEA uses the term owner—occupied dwellingsausof owner—occupied housing.
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land in the CI table out of the farm sector. To do so, we imph&ihcome from the farm
sector's owned land. The 1997 Census of Agriculture of USBports that the ratio of owned
land in farms to rented or leased land in farms equals 1.4%albte 7.3.5, Farm Sector Output,
Gross Value Added, and Net Value Added, the BEA reports tbenre from rented land as rent
paid to nonoperator landlords. Assuming that the rents ameovand rented farm land are the

same, we havé

imputed rent paid to operator landlords

. owned farm land
= rent paid to nonoperator landlords .
rented or leased farm land

Dividing the imputed rent paid to operator landlords by faratput, we obtain an estimaig,

for the land income in the farm sector. This estimate impiidand share in gross output of
the farm sector equal toD4, which is close to what Mundlak (2005) reports. Since th&B
reports the other two factor shares;, anday, 14, Wwe have all components of the capital share
in farm output. As before, we assume that the compositioh@tapital shares in the two farm
industries is the same as in the farm sector as a whole. TWas the following expressions for

the capital shares in output of the two farm industrieqcr, an}:

i = —/— i, (14)
ay fa
p, f

api = % i (15)
Qk fa
e fa

Qei = @i (16)
k. fa

We continue with the second special case of owner—occumadiihg. Since the BLS re-
stricts its attention to the business sector, we turn to ®awd Heathcote (2004), whdter
estimates of land, structures, and prices for nonfarm ingudionfarm housing is comprised of

owner—occupied housing and tenant—occupied housing afiéne housing sector is comprised

"The Agricultural Land Survey, which is the part of the Agitcwal Census, reports the aggregate of land and
structures for owned farm land and for rented farm land. e ehputed the rents from owned farm land by using
these data. The results were very similar.
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of nonfarm and farm housing. Since there is little equipmerttousing, we assume it away.
This implies that the capital stock in housing is compriselid and structures only. We use
the data of Davis and Heathcote to estimate the capital sloteand and structures per unit of
nonfarm housing. We then assume that the composition ofipiéat shares in owner—occupied

housing s the same as in nonfarm housing:

Q| nfh

@) ooh = @k ooh, (17)
Qk.nth
@p,nfh

@p,00h = @k oohs (18)
dknth

aeooh = O. (19)

Given the assumption of a zero equipment share in housieginttome shares of total
capital and land in the output of nonfarm housing imply theoime share of structures. Thus,
we only need to estimate the income share of land. To this wedmpose a no—arbitrage
condition between the net returns on land and structurdseimonfarm housing. Assuming a

Cobb-Douglas technology, the no—arbitrage conditiongdke form

@ nfhOnth APinth  QonfhOnth APpnth
———— —Ointh + = — Opnth +

20
Inth Pintn Bntn (20)

b
Po,nth

wherenfh stands for the nonfarm housing sector. Moreoggy;, is the value of the output,
Inth @andbn sy are the values of land and structureg,s, andaynn are the income share$sh
anddy,nsn are the depreciation rates, apghsn and ppnth are the prices of land and structures.
Assuming constant returns in addition and maintaining thatequipment share is zero, the
income shares of land, structures, labor, and intermetiptés in the nonfarm housing sector

add up to one:

Qnfh + Qonth + Ahnth + znin = 1 (21)

We will now explain how to measure the unknowns in (20) exéept, . We then solve for
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Q| nth-

We estimate the outpu, ¢y, of honfarm housing from data provided by the BEA on out-
put and value added of owner—occupied housing and tenantpisdl housing (Table 7.4.5.
Housing Sector Output, Gross Value Added, and Net Value Agdd®avis and Heathcote
(2004) provide estimates of the market value of residefdia, |,,+n, and the replacement cost
of residential structured,s,. They also provide estimates of the price indices. We cateul
the average values from their data between 1990 and 200@hwgivesg,n/Inin = 0.147,
Onth/bnin = 0.097,Apintn/Pinth = 0.034, andApynth/Ponth = 0.031. We obtain the depreci-
ation rate of housing structures from the Investment andRvetd Asset Data on Residential
Structures at Constant Prices by taking the 1990-2000 g&e@f@y, i = (innth — Abntn)/bntn,
which givesépnin = 0.016. Land does not depreciate, so we&gtn, = 0. The BEA pub-
lishes the intermediate inputs to output ratio in nonfarmadiog. The average for 1990-2000
IS aznin = 0.185. Similarly the average for 1990-2000 of the labor incdmeutput ra-
tio is anntn = 0.014. These are all the unknowns in (20) exceptdgisn. Solving we find
ainth = 0.24. Note that (20) and these numbers imply a 7% nominal netafateturn. Given
that average consumer price inflation from 1990-2000 wé 2the implied real rate of return
is 4.6%, which close to standard values.

We now turn to the third special case, notably the real estaigstry. The CI table of the
BLS splits the income attributed to the real estate induisity land, structures, equipment,
inventories, and rental residential capital. Rental rsidl capital is a bundle of structures
and land corresponding to tenant—occupied housing. Agdefee group inventories together
with equipment. We split rental residential capital intaustures and land using the shares
we calculated above for nonfarm housing. Thus, we have ttwmes of land, structures, and
equipment per unit of output in real estate in the CI table. apply these income shares to
the data in the 10 tables by assuming that the compositioheotapital income in real estate
excluding rents paid to nonoperator landlords in the 10dsid the same as the capital income
in real estate including rental residential capital in théaBle. The shares for farm land are the

ones we measured in the first special case above.
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Table 2

Income shares of land, structures, and equipment at the seatal level (in producer

prices)
Capital Land Structures  Equipment
Agriculture (A) 0.54 0.18 0.14 0.22
Manufactured consumption (M) 0.40 0.04 0.11 0.25
Services (S) 0.34 0.06 0.15 0.13
Equipment investment (E) 0.34 0.03 0.09 0.22
Construction investment (C) 0.21 0.03 0.06 0.12
Agriculture (A) 0.54 0.18 0.14 0.22
Manufacturing (MrE+C) 0.33 0.03 0.09 0.21
Services (S) 0.34 0.06 0.15 0.13
Consumption (AM+S) 0.35 0.06 0.15 0.14
Investment (&C) 0.28 0.03 0.07 0.18
Tradables (AM+E) 0.37 0.04 0.10 0.23
Nontradables (£C) 0.32 0.05 0.14 0.13
Agriculture (A) 0.54 0.18 0.14 0.22
Nonagriculture (M-S+E+C) 0.33 0.05 0.13 0.15
GDP (A+M+S+E+C) 0.33 0.05 0.13 0.15
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Lastly, we turn to the fourth special case, notably the govemnt sector with its industries
federal Government Enterprises, State and Local GovernEwerprises, and General Gov-
ernment Industries. The BLS data do not cover these inésdtecause they are not part of the
business sector. We proceed by first splitting the capitalrme into the incomes of equipment
and structurggand. We use data on the net fixed assets of the governmetdldedrom the
BEA in Table 11B of the Fixed Assets Series. For Federal Gowent Enterprises and State
and Local Government Enterprises, we set the share of eguipim capital income equal to
the 1997 ratio of equipment to total fixed assets of all Govennt Enterprises. For the General
Government Industry, we set the share of equipment in dapitame equal to the 1997 ratio
of equipment to total nonresidential fixed assets of the gowent excluding fixed assets of
Government Enterprises. Next we split the remaining chpitome between structures and
land. Since the three government industries essentiatiglyme services, we assume that the
income shares of structures and land equal those in theg@seavice sector.

Table 2 reports our findings on the three capital incomeseshiar the five sectors, for
more aggregate sectors splits, and for the whole econonmginAje calculations are based on
producer prices. Note that the sums of the shares of langtstes, and equipment in table 2
equal the capital shares in table 1. As expected, we find gratudture has by far the largest
land share and that without land the capital share in aguiis fairly close to the aggregate
capital share. Moreover, the income shares of structurésguipment at the sectoral level

also vary considerably.

6 Extensions

6.1 Robusthess

So far, we have assumed that the capital and labor sharesngtors’ income equal the capital
and labor shares in the industry’s value added without petgms’ income. In this subsection,
we use three—digit industry level data from the BLS on thetabimcome and the compensation

of all persons to split proprietors’ income in dlérent way.
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Table 3
Capital income shares at the sectoral level with dferent ways of splitting proprietors’
income between capital and labor (in producer prices)

capital share in proprietors’ income
equals capital share in is imputed
industry value added without by BLS
proprietors’ income
Agriculture (A) 0.54 0.57
Manufactured consumption (M) 0.40 0.38
Services (S) 0.34 0.35
Equipment investment (E) 0.34 0.31
Construction investment (C) 0.21 0.25
Agriculture (A) 0.54 0.57
Manufacturing (M-E+C) 0.33 0.32
Services (S) 0.34 0.35
Consumption (AM+S) 0.35 0.36
Investment (eb) 0.28 0.28
Tradables (AM+E) 0.37 0.35
Nontradables ($C) 0.32 0.34
Agriculture (A) 0.54 0.57
Nonagriculture (M-S+E+C) 0.33 0.34
GDP (A+M+S+E+C) 0.33 0.34

The capital income data is publicly available from the BLSoside whereas the data on
the compensation of all persons is available from the BLSwueguest. The BLS generates
these data by imputing the capital and labor parts of pragmseincome in the dferent in-
dustries; it then scales the capital and labor parts of eadisiry such that their sum equals
that industry’s proprietors’ income. To use the BLS numpeesassume that the proprietors’s
income composition of each four—digit industry in the 10l&sbof the BEA is the same as in
the corresponding three—digit industry in the BLS data.

Table 3 reports the findings. For comparability column 2 aégmorts our previous results
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Table 4
Factor shares in exports and imports

Exports at port of exit in Imports at
producer purchaser | port of port of
prices prices entry exit
Capital 0.37 0.39 0.39 0.38
Land 0.03 0.03 0.03 0.03
Structures 0.09 0.10 0.12 0.11
Equipment 0.25 0.26 0.24 0.24

from table 1. Reassuringly, both methods of splitting pretpirrs’ income give fairly similar

capital shares at the sectoral level.

6.2 Factor income shares of exports and imports and the Leordf para-

dox

Our methodology is suited for measuring the factor incomaresh of any final commodity
vector. An important example is the commodity vectors of.&xports and imports. Since the
U.S. does not produce its imports, the interpretation ofctygital share of its imports is that
this would be the capital share if all countries used the te&hinology. Table 4 reports the
factor shares in U.S. exports at producer and purchasezspaicd in U.S. imports at the port
of entry (U.S. port) and the port of exit (foreign port). Thigference between domestic and
foreign port values comes from customs duties, freightgdmsrand insurance. The domestic
port value of imports is the same at producer and purchasmgirecause imports have not yet
been transported to domestic purchasers.

Table 4 has two important implications. First, no matter vesvmeasure the capital shares
of U.S. imports and exports, they are close to each otherlard to the capital share of tradable
goods, which we have found to be 0.37. This gives additiooafidence in the way in which
we constructed our tradable sector. Second, depending @ wieasure we use the capital
share of exports is either larger or smaller than the caglitate of imports.

The second implication is important in light of the so callezbntief paradox. On his first
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visit to the U.S., Leontief (1954) measured the capitalnstiées of U.S. imports valued at
the port of entry and U.S. exports valued in producer pricEs.his surprise, he found that
the capital-labor ratio of imports was 30% higher than thiaxports. Repeating his exercise
for 1951, he still found that capital-labor ratio of impovtas 6% higher than that of exports.
These findings are at odds with the predictions of standactk$tder—Onhlin trade theory, which
would have a capital abundant country like the U.S. expastigghat are more capital intensive
than its imports. A great many studies in international érbdve since tried to resolve the
paradox; see for example Leamer (1980).

We state our results in terms of factor income shares. If veeirag, however, that the
marginal product of capital and labor is the same acros®isgdhen diferences in capital
shares translate intoféierences in capital-labor ratios. If we follow Leontief aa#lé exports
at producer prices and imports at the port of entry, then wklirs. imports to be 2 percentage
points more capital intensive than U.S. exports. In cohtreiswe measure exports at purchaser
prices and imports at the port of exit (foreign port), thenfimel exports to be 1 percentage
point more capital intensive than imports. In other wordsether there is a Leontief paradox

in our 1997 data depends on where one values exports andtsipor

6.3 Distribution costs as part of sector output

In this subsection, we report sector capital shares in @sehprices. This is useful because
some data sets — such as the Penn World Tables — come in perghizes. The Use Matrix
in purchaser prices treats the distribution costs as iredrate inputs in the élierent industries.
Consequently, the distribution services required to @elsommodities to final uses become
part of the industries’ final outputs.

Table 5 reports the sector capital shares in purchaserspi@amparing tables 2 and 5, we
can see that the capital shares of agriculture and manuégictonsumption drop considerably

when we include the distribution services in the sector wistpT he intuitive explanation is that

Bwe find it more meaningful to compare imports valued at the pbexit with exports valued at purchaser
prices. The reason is that both have been delivered to #egective port of exit, so both values include domestic
distribution costs but not international distribution tsos
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Table 5
Sector income shares of land, structures, and equipment (ipurchaser prices)

Capital Land Structures  Equipment
Agriculture (A) 0.41 0.11 0.11 0.19
Manufactured consumption (M) 0.33 0.04 0.09 0.20
Services (S) 0.35 0.06 0.17 0.12
Equipment investment (E) 0.33 0.03 0.09 0.21
Construction investment (C) 0.21 0.03 0.05 0.13
Agriculture (A) 0.41 0.11 0.11 0.19
Manufacturing (M-E+C) 0.31 0.03 0.09 0.19
Services (S) 0.35 0.06 0.17 0.12
Consumption (AM+S) 0.35 0.06 0.15 0.14
Investment (&C) 0.28 0.03 0.07 0.18
Tradables (AM+E) 0.33 0.04 0.09 0.20
Nontradables ($C) 0.34 0.06 0.16 0.12
Agriculture (A) 0.41 0.11 0.11 0.19
Nonagriculture (M-S+E+C) 0.33 0.05 0.13 0.15
GDP (A+M+S+E+C) 0.33 0.05 0.13 0.15

distribution services are as capital intensive as the febeservice sector, and thus less capital

intensive than agriculture and manufactured consumption.

6.4 Multi-sector models with intermediate inputs

Our initial production function (1) assumed that the modssinot have intermediate inputs.
While this is fine in many cases, some applications requirto wscount explicitly for each
sector’s use of intermediate inputs from other sectorshigigubsection, wefter some factor
income shares in this case. The production function of sgajooss output is now given by:

g

2L — A kiHkipHni YA (22)
pj IR J lT[ J
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where z; are the intermediate inputs produced in sec¢tand used in sectoj with i, €

{A, M, S, E, C}. Constant returns require that

Hij + fnj + Z,Uij =1
i

The presence of intermediate inputs complicates measiawhgr income shares at the sec-
toral level more than it may seem at first sight. The comgbeaarises because constructing
our five sectors requires us to split the deliveries of comitredto final uses into their con-
sumption and investment parts. However, the consumptidmaestment parts of total output,
value added, and produced intermediate inputs are not defifiee simple reason is that most
commodities are neither consumption nor investment goatlbdth; for example, cars sold to
firms are counted as investment whereas cars sold to consameecounted as consumption.
This implies that the 10 tables do ndffer a consistent categorization of the intermediate inputs
into consumption and investment.

Not all is lost though because the splits into tradable \v@rmntradable, services versus
nonservices, and agriculture versus nonagriculture eakspond to mutually exclusive sets
of commodities. We can therefore categorize all interntediguts into these categories and
provide factor shares with intermediate inputs for a substte sector splits considered above:
agriculture and nonagriculture; agriculture, manufaotyrand services; tradables versus non-
tradables. Tables 6—8 report the corresponding factomiecshares and Appendix A.2 reports
the corresponding aggregate IO tables. Note that the inahaees of capital and labor add up
to the share of value added in gross output, which in genétals from the value of deliveries

to final uses.

7 Conclusion

We have measured the U.S. income shares of capital and labthre standard sectors used
in multi—sector versions of the growth model. We have aldih g income shares of capital

into the shares of land, structures, and equipment. We hawedfthat these factor income
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Table 6
Income shares of capital, labor, and intermediate inputs irthe gross outputs of
agriculture, manufacturing, and services (in producer prices)

Intermediates from
Capital Labor Agricul- Manufac—  Services
ture turing
Agriculture (A) 0.20 0.15 0.27 0.18 0.20
Manufacturing (M-E+C) 0.12 0.22 0.03 0.39 0.24
Services (S) 0.21 0.44 0.00 0.08 0.27
Table 7

Income shares of capital, labor, and intermediate inputs irthe gross outputs of tradables
and nontradables (in producer prices)

Intermediates from

Capital Labor Tradables Nontradables
Tradables (AM+E) 0.13 0.19 0.44 0.24
Nontradables (8€C) 0.20 0.43 0.09 0.28

Table 8
Income shares of capital, labor, and intermediate inputs irthe gross outputs of
agriculture and nonagriculture (in producer prices)

Intermediates from

Capital Labor  Agriculture  Nonagriculture
Agriculture (A) 0.20 0.15 0.27 0.38
Nonagriculture (M-S+E+C) 0.18 0.37 0.01 0.44
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shares dfer across sectors. For example, the capital share of agmieus more than two and

a half times that of construction and more than 50% larger that of the aggregate economy.
Moreover, agriculture has by far the largest land shareckvimostly explains why it has the

largest capital share.

Our numbers can directly be used to calibrate multi-sectmtets. Moreover, if one wants
to abstract from dierences in sector capital shares, our numbers can be ussthbdigh that
this is not crucial for the results.

An interesting question is whether the U.S. income shardseatectoral level are represen-
tative for other countries. Gollin (2002) and Bernanke ariatk@ynak (2001) found that the
average aggregate capital share across countries eqadls$h aggregate capital share. We
leave it to future research to explore whether on averageishalso the case at the sectoral

level.
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Appendix

A.1 Aggregated |O-tables
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T€

Use matrix for agriculture, manufacturing, construction and services

(in billions of U.S. $)

Total Total
inter. com.
A M+E C S| use C X | GDP | output
Agriculture (A) 75 153 2 13| 243 38 5 43 286
Manufacturing (M-E) | 50 1555 228 645 2478| 858 568| 1426| 3904
Construction (C) 1 8 1 62| 72 23 659| 682 754
Services (S) 55 920 199 2550 3724|5988 207| 6195, 9919
Total intermediate us¢ 181 2636 430 3270
Net taxes 6 57 6 578
Labor 43 734 295 406(Q
Equipment 24 335 11 771
Structures 10 146 3 874
Land 23 24 8 338
Total value added 106 1296 323 6621 8346
Total industry output | 287 3932 753 9891 14863
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